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Analytical Error of Cardiac Troponin and Impact on
the Performance of Accelerated Diagnostic Protocols
in Patients with Acute Chest Pain
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BACKGROUND:  This study simulates how assay-specific
bias influences the diagnostic performance of 0/1-h ac-
celerated diagnostic protocols (ADPs) for 3 different
high-sensitivity cardiac troponin (hs-cTn) assays.

METHODS: We included 1493 patients presenting with
chest pain. hs-cTnT (Roche Diagnostics), hs-cTnl
from Abbott Diagnostics (hs-cTnl-A), and Siemens
Healthineers (hs-cTnl-S) were measured at admission.
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The absolute total error observed in a state-of-the-art
EQA study were added to the admission concentra-
tions, producing 6 new variables being adjusted for
maximum possible bias (if analytical variation is 0)
(+biasmean7 +biasmax95%CI) +biasmin95%CI’ _biasmeam
—bias 950, —biasmingsecr). The influence of this
“worst-case scenario” bias was compared after calculat-
ing sensitivity, specificity, negative and positive pre-
dictive values, and rule-out proportion for 30-day
myocardial infarction or death for the observed and
bias-adjusted hs-cT'n concentrations.

RESULTS: For 0-h rule-out, hs-cTnlI-S and hs-cTnT had
a sensitivity of >99.0%, compared to 97.7% for hs-cTnl-
A. After adding the bias, sensitivity was unchanged for hs-
cT'nl-S (99.5%), but lower for hs-cTnT (95.5%), and hs-
cTnl-A (96.2%). For the 0-/1-h algorithm, adding bias
reduced sensitivity to 95.5% for hs-cT'nT, while both
hs-cTnl algorithms were unchanged (100.0%). Rule-
out proportions for 0 h ranged from 0% to 60.0% for
hs-cTnT, 28.2%-62.7% for hs-cTnl-A, and 3.5%-—
35.5% for hs-cTnl-S. For the 0-/1-h algorithm, ranges
were 57.7%-75.8% (hs-cTnT), 52.8%-67.5% (hs-
cTnl-A), and 45.7%—-61.2% (hs-cTnl-S),

CONCLUSION:  Analytical bias of hs-cTn assays affects
the clinical rule-out rate of the 0/1-h ADPs more than
the diagnostic sensitivity. Bias may have a greater influ-
ence on the proportion of patients requiring hospital ad-
mission and may contribute to the heterogeneity of the
reported rule-out rates of current ADPs.

ClinicalTrials.gov Registration Number: NCT02620202

Introduction

Chest pain is one of the most common complaints in the
Emergency Department (ED), contributing to over-
crowding, increased mortality and morbidity, and affect-
ing resource utilization (1, 2). After clinical evaluation
and investigations, most chest pain patients are not
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diagnosed with non-ST elevation myocardial infarction
(NSTEMI) (3-9). To rapidly confirm or exclude pa-
tients at risk of myocardial infarction (MI) in the ED,
clinical guidelines suggest using accelerated diagnostic
protocols (ADPs) for early risk stratification of patients
into low, intermediate, and high risk (10-12). Risk
stratification is based on absolute cutoff concentrations
at presentation and subsequent delta values at 1 or
2 h. Studies have demonstrated the ADPs to be safe
for the early risk stratification of patients with acute
chest pain (3-9, 13). However, studies provide different
estimates of the rule-out rate of the algorithms (13, 14).
Earlier studies indicate that the rule-out rate might in
part be dependent on the analytical error of troponin as-
says (4, 15-18). To rely on consistent performance of
guideline-recommended ADPs, the analytical perform-
ance of high-sensitivity cardiac troponin (hs-cTn)
should be consistent over time, especially around the
low-risk clinical threshold for ruling out MI (19).
Recently, an External Quality Assessment (EQA) study
using monthly native plasma sample pools at the rele-
vant concentrations made high-quality data available re-
porting the total analytical error (TE) for a range of
cardiac troponin assays (20, 21). The study exhibited
higher analytical error compared to what is usually re-
ported by manufacturers or observed by routine labora-
tories (22), most likely as it included multiple reagent
lots, and between-instrument and between-laboratory
variation. Between-laboratory bias might be an over-
looked reason for differences in ADP performance and
efficacy as the 95% confidence interval (95%CI) for
rule-out rates reported by different studies range from
45% to 62% (14).

The aim of the current study was to simulate the ef-
fect of bias on 3 different 0-/1-h cardiac troponin rule-
out ADPs and its maximum influence on safety and
rule-out rate for clinical performance. The bias modeled
were derived using TE data for the assays from Kavsak
et al. (21) and exceeds the worst-case expected bias in
routine use [in the current simulation, 100% of the
TE in Kavsak et al. (21) was allocated to bias and the
analytical variation (CV,) was equaled to 0]. Original
data used in the simulation were retrieved from a large
observational study of patients with suspected acute cor-
onary syndrome (ACS) (23).

Materials and Methods

STUDY DESIGN AND POPULATION

The study included 1496 patients from the prospective
observational WESTCOR-study (ClinicalTrials.gov
ID: NCT02620202). The study design has been de-
scribed in detail previously (23). Briefly, 1493 patients
who were clinically evaluated in an ED for suspected
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ACS were included. Admission and 1-h measurements
were available for »=1493 patients for hs-cTnT
(Roche Diagnostics), 7=1488 for hs-cTnl from
Abbott Diagnostics, and 7= 1493 for hs-cTnl Atellica
from Siemens Healthineers. Patients were managed ac-
cording to standard care with electrocardiogram, clinical
examination, echocardiography, and coronary angiog-
raphy when indicated. All patients provided written in-
formed consent and the study and biobank were
approved by the Regional Committee for Medical
Research Ethics (2014/1365 REK vest and 2014/1905
REK vest). Laboratory procedures and analyses, clinical
adjudication, and the ADPs from the European Society
of Cardiology (ESC) applied in the current study are de-
scribed in detail in the Supplemental Material along
with a detailed overview of reagent and calibrator lots,
assay platforms, and product numbers.

ENDPOINTS

The primary endpoint was 30-day MI [including index
MI (defined as MI at first presentation)] and all-cause
mortality. The secondary endpoint was an index diagno-
sis of MI. MI was adjudicated by 2 independent cardiol-
ogists based on all clinical, imaging, and laboratory data
(using hs-cTnT from Roche Diagnostics as the routine
test) that were available in the patient files.

SIMULATING THE TOTAL ERROR

The measured hs-cTn concentrations (i.e., raw data
from the analyzer) were designated the original (target)
value. The maximum possible bias (allocating CV, to
0%) from the original value was calculated based on
the TE data reported by Kavsak et al. (21), see
Table 1. Kavsak et al. reported the TE based on 12
monthly measurements of commutable plasma pools
with target concentrations corresponding to the baseline
cutoffs used in 0-/1-h ADPs. Samples were distributed
to 36 laboratories in Canada and therefore include
between-institution and long-term analytical impreci-
sion and bias for different ¢Tn assays. The maximum
possible bias was added to the original admission con-
centrations measured in the WESTCOR-study (raw
data) to produce new variables simulating the maximum
bias with 95%CI (if CV was 0%) for the assay-specific
troponin concentrations. The absolute concentrations
corresponding to the minimum TE (lower bound of
the 95%CI), the mean TE and the maximum TE (upper
bound of the 95%CI) reported by Kavsak et al. (21)
were used in the current simulations (Table 1). This pro-
duced 6 new variables named +bias,can, +biasmaxos06CI>
+biasmin9S%CI, _biasmean’ _biasmax95%CI’ _biasmin95%
cn» as applicable for each assay. The resulting concentra-
tions after adding the bias were rounded to the nearest
integer, consistent with current recommendations and
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Table 1. The concentrations representing the maximum TE for the corresponding hs-cTn assays/
algorithms added to the original values obtained from the WESTCOR-study. The TE (in absolute values) is
concentration dependent; applying the estimated TE at concentrations corresponding to the cutoffs
used in the 0-/1-h algorithms. A is absolute change between admission and 1-h hs-cTn samples.

Concentration used for
ESC 0-/1-h algorithm (11)

hs-cTnTy (Roche) 6.2 ng/L
<5 ng/L

hs-cTnTq (Roche) 11.7 ng/L
<12 ng/L, A< 3 ng/L

hs-cTnlp (Abbott) 4.5 ng/L
<4 ng/L

hs-cTnly (Abbott) 4.5 ng/L
<5ng/L, A<2ng/L

hs-cTnlg (Siemens) 4.9 ng/L
<3 ng/L

hs-cTnlg (Siemens) 4.9 ng/L

<6ng/L, A<3ng/L

estimating total error (21)

Maximum total error

Mean total error (bounds of 95% ClI) (21)

+3.8 ng/L +4.7 ng/L
+3.6 ng/L +3.7 ng/L
+1.5ng/L +1.6 ng/L
+1.5ng/L +1.6ng/L
+1.3 ng/L +1.4 ng/L
+1.3 ng/L +1.4ng/L

clinical practice (19). The decision point for rounding
was defined to one decimal place (<5.0, 12.0 etc.).
Taking as an example, Kavsak et al. report that the
mean TE for hs-cTnT at a concentration close to
5 ng/L is +3.8 ng/L (21). For a hs-cTnT concentration
of 5 ng/L (original value) we would add +3.8 ng/L to
simulate the mean +bias producing 2 new variables,
where the result would be 9 (8.8) ng/L for +biasyean
and 1 (1.2) ng/L for —biasyean, respectively. Kavsak
et al. report the upper bound 95%CI of maximum TE
for hs-cTnT to be +4.7 ng/L. Accordingly, to simulate
the maximum 95%CI for analytical bias we would add
+4.7 to the raw value of 5 ng/L resulting in values of
10 (9.7) ng/L for +bias,.os0c1 and 0 (0.3) ng/L for
—bias,c0506c1, tespectively. As the baseline cutoff used
in the 0-/1-h algorithm for hs-cTnT is higher (12 ng/
L) compared to single-sample cutoff and Kavsak et al. re-
ported a lower TE at 11.7 ng/L we used +3.6 ng/L for
biasyean and +3.7 ng/L for biasacos0c1 when estimat-
ing the maximum possible bias for the 0-/1-h hs-cTnT
ADP (Table 1). Similarly, the bias variables produced for
the hs-cT'nl-A and hs-cTnl-S were based on the raw data
from the WESTCOR-study and addition of the +TE
(mean and 95% CI) as reported by Kavsak et al. (21).
The 0-/1-h delta values were not modified (only
baseline concentrations were altered) as the 1-h within-
series analytical variation might be considered already
embedded in the data and is likely to be much smaller
compared to the between-laboratory and long-term vari-
ation dominating the TE reported by Kavsak et al. (21).

DATA HANDLING AND STATISTICAL ANALYSIS

Baseline characteristics were calculated using mean +
standard deviation for continuous variables in normally
distributed data, while the median and 25-75th percent-
ile values are reported for skewed data. Categorical vari-
ables are presented as numbers (percentages). Diagnostic
performance and the proportion of patients designated
as low-risk/rule-out of the single-sample and hs-cTn
0-/1-h ESC algorithms were analyzed and compared
for the original and bias-adjusted variables using receiver
operating  characteristic area under the curve
(ROC-AUC) plots and DeLongs test, sensitivity, speci-
ficity, negative predictive value (NPV), positive predict-
ive values (PPV), and rule-out proportions. We excluded
early presenters (patients with symptom duration <3 h)
for the 0-h rule-out analyses while all-comers were in-
cluded in the serial 0-/1-h algorithm. A comparison of
sensitivity and rule-out percentage between all-comers
and patients after excluding the early-presenter group
is presented in Supplemental Table 2. P values of
<0.05 were interpreted as statistically significant in all
analyses. All statistical analyses were performed with R
(v.4.2.1).

Results

Baseline characteristics are outlined in Table 2. The me-
dian age of the population was 62 years [interquartile

range (IQR) 52-73], and 40% were women. Of all
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Table 2. Baseline characteristics of the study

population.

Total population

(N =1493)
Age, median years (IQR) 62 (52-73)
Female, n (%) 592 (39.6)
Chest pain characteristics
Early presenters (<3 h), n (%) 308 (20.6)
Symptom duration, median hours 9.4 (3.6-53.3)
(IQR)
Risk factors, n (%)
Hypertension 612 (40.9)
Hypercholesterolemia 300 (20.0)
Diabetes 180 (12.1)
Current smoking 282 (18.9)
History, n (%)
Prior Ml 287 (19.2)
Prior PAD 29 (1.9)
Prior stroke 42 (2.8)
Heart failure 52 (3.5)
ECG findings, n (%)
ST-segment depression 46 (3.1)
T-wave inversion 45 (3.
Vital signs
Heart rate, median (IQR) 72 (64-82)
SBP, median mmHg (IQR) 144 (130-159)
DBP, median mmHg (IQR) 83 (75-92)
BMI, median kg/m? (IQR) 26.9 (24.5-30.1)
Median time between 0- and 1-h 62 (60-69)
sample, min (IQR)
Biomarker concentration, median
(IQR)
hs-cTnTy (Roche), ng/L 6.8 (4.0-14.0)
hs-cTnly (Abbott), ng/L 2.9 (1.5-7.3)
hs-cTnlg (Siemens), ng/L 5.0 (2.9-13.6)
hs-cTnT, , (Roche), ng/L 7.0 (4.1-14.5)
hs-cTnly , (Abbott), ng/L 3.4 (1.8-9.0)
hs-cTnly y, (Siemens), ng/L 6.1 (3.7-16.2)
eGFR, median mL/min/1.73 m? 86 (72-97)
Myocardial injury at 0 h or 1 h, n (%)
hs-cTnT >9%th percentile upper 445 (30.9)
reference limit
hs-cTnl (Abbott) >9%9th percentile 217 (14.4)
upper reference limit
Continued
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Table 2. (continued)
Total population
(N=1493)

hs-cTnl (Siemens) >99th percentile 228 (15.2)

upper reference limit
Adjudicated index diagnosis, n (%)
NSTEMI 174 (11.7)

Type 1 Ml 167 (96)

Type 2 Ml 7 (4)
UAP 202 (13.5)
NCCC 110 (7.4)
NCCP (specified) 103 (6.9)
NCCP (unspecified) 904 (60.5)
Number of endpoints following

discharge from hospital, n (%)
30-day Ml or death (primary 183 (12.3)

endpoint)
Index MI (secondary endpoint) 174 (11.7)
Abbreviations: PAD, peripheral artery disease; ECG, electrocar-
diogram; SBP, systolic blood pressure; DBP, diastolic blood
pressure; BMI, body mass index; UAP, unstable angina pec-
toris; NCCC, noncoronary cardiac conditions; NCCP, noncar-
diac chest pain.

patients, 308 (20.6%) were early presenters with symp-
tom onset <3 h prior to the first sample. Approximately
40% of patients had previous hypertension, 20% had
known hypercholesterolemia, and another 12.1% had
a prior diagnosis of diabetes. Twenty percent of patients
had a prior MI. Median baseline hs-cTn concentrations
were <7 ng/L for all assays, but 445 (30.9%) of patients
had myocardial injury (>99th percentile URL at 0 h or
1h) by the hs-cTnT assay, 217 (14.4%) by the
hs-cTnl-A, and 228 (15.2%) by hs-cTnl-S (Table 2).
Of patients, 12% were diagnosed with MI within the
30-day observation period (of whom 96% had type 1
MI, and 4% type 2 MI) and 60% were diagnosed
with noncardiac chest pain. The rates of 30-day MI or
death was 12.3% and the prevalence of index MI was
11.7% (Table 1).

Figure 1 depicts the rates of a range of hs-cTn con-
centrations at presentation for all 3 assays and the per-
centage who were measured under the applicable
cutoffs. Here, the maximum bias (+bias.o500c1 and
—bias,ax0500cp) is displayed with the original value to il-
lustrate the shift in rule-out at 0 h, depending on analyt-
ical bias. Figure 1 (lower panel) shows the data in
patients with MI or death within 30 days, indicating
that a similar percentage would be falsely ruled out for
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Fig. 1. hs-cTn concentrations at admission in all patients (upper panel) and in patients with the primary
endpoint (lower panel) for original, positive (max upper 95%Cl) and negative bias (max lower 95%ClI) va-
lues, for hs-cTnT, hs-cTnl (Abbott Diagnostics), and hs-cTnl (Siemens Healthineers). The 0-h cutoffs for the
respective hs-cTn assay are shown as dashed lines.
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Fig. 2. ROC-AUC plots showing discriminatory performance for the primary endpoint for hs-cTn concen-
trations for original, positive (max upper 95%Cl), and negative bias (max lower 95%Cl) values. (A) hs-cTnT,
(B) hs-cTnl Abbott Diagnostics, and (C) hs-cTnl Siemens Healthineers. *Comparison by DelLong test with
original hs-cTn concentration of the respective assay.

the 0-h cutoff values for hs-cTnT and hs-cTnl-A assays
for a maximum negative bias (—biasy.cos0cr), while
fewer false negatives were observed for hs-cTnl-S.
Figure 2 shows discriminatory prediction of the primary
endpoint by ROC-AUC:s. hs-cTnT with negative max-
imum bias had significantly lower AUCs than

hs-cTnT neutral (Fig. 2A) whereas no differences were
seen for the hs-cTnl assays.

Table 3 summarizes the diagnostic performances of
0/1-h algorithms across all hs-cT'n assays for the discrim-
ination of the primary endpoint (30-day MI or death).
After the 0-h measurement, the original values (raw
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data) of hs-cTnT resulted in a sensitivity of 99.2%
(95.9%-100.0%), a specificity of 33.1% (30.2%-—
36.0%), NPV of 99.7% (98.4%-100.0%), PPV of
15.8% (13.4%—-18.5%), and 29.4% were ruled out.
Adding the bias with 95%CI altered the clinical per-
formance. In particular, the negative bias (reducing all
baseline data with 3.8 ng/L for —bias;,c,, and 4.7 ng/L
for —biasya0s0cr) resulted in a nonsignificant lower
point estimate for sensitivity of 95.5% (90.2%-
97.3%) and higher specificity 67.0% (64.1%-69.9%).
Similar observations were also noted for the secondary
endpoint of index MI (Table 4). The sensitivity of the
higher cutoff used in the 0-/1-h algorithm was less influ-
enced. The NPV was less influenced by bias at 0 h and
0-/1-h. For the 0-h rule-out, the rule-out rate was clearly
affected by bias as the proportion ruled out varied from
0 (+biasyaos0ecr, increasing all results by 4.7 ng/L
would increase all concentrations above the rule-out cut-
off of 5 ng/L) to 60.0% (—bias,.0s50c1). Again, adding
the bias was less likely to affect the rule-out proportion
of the higher cutoff used in the 0-/1-h algorithms,
with the proportions varying from 55.7% to 75.1%.

For the hs-cTnl-A assay, the original values at 0-h
provided a sensitivity of 97.7% (93.5%-99.5%), speci-
ficity of 58.4% (55.3%-61.4%), NPV of 99.5%
(98.6%-99.9%), PPV of 23.0% (19.6%—-26.7%), and
the proportion ruled out was 52.1%. Adjusting a bias
of mean —1.5 ng/L lowered the sensitivity nonsignifi-
cantly to 96.2% (91.4%-98.8%). Similar results were
seen for the secondary endpoint of index MI
(Table 4). After serial measurements at 0-/1-h, perform-
ance was less influenced by adding bias. The sensitivity
did not change when adding different levels of bias
[100.0% (96.6%-100.0%) for all], and the NPV was
stable. For the hs-cTnl-A, the estimated proportion of
patients ruled out varied from 28.2% to 62.7% (0-h)
and 47.6%-66.6% (0-/1-h), the lowest rule-out rates
were seen for the bias that leads to increased baseline va-
lues (+biasmean and +biasyayos0ocr), while the highest
rule-out rates were seen when the baseline data were re-
duced, for the —bias,can and —bias,y950CI-

The original values measured by hs-cTnl-S assay
had a sensitivity of 99.2% (95.9%-100.0%), a specifi-
city of 20.0% (17.6%-22.5%), a NPV of 99.5%
(97.4%-100.0%), a PPV of 13.6% (11.5%-15.9%),
and the proportion of rule-out was 17.8%. The sensitiv-
ity and NPV were largely unaffected by adding the bias,
although increasing the baseline concentrations by
+1.4 ng/L (+bias,ay0s50.c1) lowered the proportion ruled
out at 0 h to 3.5%. Reducing the baseline concentrations
by —1.4 ng/L (—bias,ayos0c1) increased the proportion
ruled out to 35.5%. Corresponding proportions after
serial measurements at 0-/1-h ranged from 40.2% to
59.6%; again, the lowest rule-out rates were seen for
the TE that increased baseline concentrations (+bias,e,p

8 Clinical Chemistry 00:0 (2025)

and +biasy,ay0500c1), while the highest rule-out rates were
seen when the baseline concentrations were reduced
(_biasmean and _biasmax95%CI)-

For all assays similar results were seen for the sec-

ondary endpoints (Table 4).

Discussion

In this study, we estimate the effect of maximum poten-
tial analytical bias on hs-cT'n measurements on clinical
performance of 0-/1-h algorithms used in ADPs, for a
diagnosis of 30-day MI and death, and index MI.
Assay bias has a larger effect on clinical performance
than changes in assay precision when absolute cutoffs
are used (4, 15—17). Furthermore, the effect will be de-
pendent on the proportion of patients who present with
concentrations close to the cutoff. Since most patients
investigated for possible ACS have hs-cTn concentra-
tions close to the LoD of the assays (3-9, 11), rule-out
metrics, and the proportion of patients ruled out using
a single sample are most likely to be affected. Our find-
ings are consistent and show that bias has a substantial
influence on the proportions of patients ruled out but
a smaller influence on sensitivity and no appreciable in-
fluence on the NPV, and aligns with the consistently
high-sensitivity and NPV values reported from clinical
studies (3-9).

CLINICAL IMPLICATIONS OF OUR FINDINGS

Even though sensitivity varied modestly due to analytic-
al bias changes, they were nonsignificant and are unlike-
ly to have a major influence on the safety of patients
presenting to the ED with suspected ACS, reflected by
the overall low number of false negatives observed
(Fig. 1, lower panel). This is due to a very low prevalence
of NSTEMI among those presenting with troponin con-
centrations close to the LoD (3-9). Li et al. recently de-
monstrated that the likelihood of missing an MI due to
assay imprecision is just 1 in 10 000 patients if the CV
is 10% at the cutoff used for the single-sample rule-out
of 5 ng/L for hs-cTnl (17). This is further reflected in
our findings as the NPV was unaffected even though
the maximum bias resulted in substantial fluctuations
in troponin concentrations. hs-cTnT and hs-cTnl-A
showed larger variations in sensitivity, with point esti-
mates dropping to approximately 95% at a maximum
negative bias, while the hs-cTnl-S demonstrated sensi-
tivity above 99% regardless of analytical error. This
could be explained by the very low single-sample cutoff
at 3 ng/L applied for the Siemens assay that compels a
large “safety-margin,” meaning that all NSTEMI pa-
tients will present with concentrations higher than
3 ng/L + the upper bound of the 95% ClI for the positive
TE. It has been advocated that the cutoff of 3 ng/L for
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the hs-cT'nl assay from Siemens might be too low, as a
sensitivity of 99% has been demonstrated even at cutoffs
of 5 ng/L (24-27). The cost of using a low rule-out con-
centration is a corresponding reduction in rule-out rate.
It is unknown how clinicians react to this, and if this
leads to more emphasis on clinical gestalt and less trust
in the guideline-suggested cutoffs (28). However, pa-
tients are more likely to be risk adverse and may prefer
to undergo further testing rather than risk an event after
discharge (29). This should be a topic of future studies

focusing on the implementation of ADPs.

LABORATORY AND MANUFACTURER IMPLICATIONS OF OUR
STUDY

Our data highlight the importance of stringent long-
term internal quality assessment in hospitals that use
troponin-based ADPs. Laboratories and EQA schemes
should assess the TE at the applicable cutoffs using com-
mutable QC material (e.g., serum or plasma pools) (30).
Laboratories may also measure their internal bias by
long-term monitoring the fluctuation in ED patients
measured with troponin who are allocated to the low-
risk category (15). Publishing such data should be en-
couraged, providing an estimate of the expected clinical
performance of the assay over time (21). Manufacturers
producing hs-cTn assays intended for use in ADPs
should monitor assay shift internally and openly com-
municate the expected bias when in routine use.

SCIENTIFIC IMPLICATIONS OF OUR FINDINGS

Our data demonstrate the importance of taking the total
analytical variation into consideration when troponin al-
gorithms for ED ADPs are developed. Even though the
cutoffs are based on large robust clinical studies, later
performance of the ADPs may periodically shift when
in clinical use, depending on the bias of the assay. For
example, studies suggesting troponin cutoffs may esti-
mate the effect of bias of the assay at the applicable con-
centration by anticipating bias from +1 to 5 ng/L,
indicating a range of performance (17). This is particu-
larly important for studies using one reagent and calibra-
tor lot (e.g., biobank studies) (19). It may also be useful
to consider the analytical bias for studies developing and
validating machine learning or artificial intelligence
tools. Finally, scientific studies measuring the total TE
of key laboratory assays using commutable material
should be encouraged (16, 20, 21) to provide independ-
ent data on the overall performance of assays when in
routine use.

STRENGTHS AND LIMITATIONS

One strength of this study is the inclusion of a large clin-
ical dataset measured with 3 different troponin assays.
Our study did not evaluate cutoffs used in the 0-/2-h

ADPs but our principal findings (sensitivity is less
affected compared to rule-out rate) should be valid for
all ADPs that use absolute cT'n concentrations to allo-
cate patients to a low-risk category. The TE used as basis
for the bias simulations is based on a study calculating
TE based on long-term data from many routine labora-
tories (21). It should be noted as a limitation, however,
that real-life observations of analytical error are influ-
enced by number of laboratories reporting data, especial-
ly if the between-laboratory analytical variation is a large
part of the TE. The larger TE reported for hs-cTnT by
Kavsak et al. (21). might be attributed to the higher par-
ticipation rate of sites with Roche platforms. If more ob-
servations had been available for other assays, the
estimates for TE might have been different. Another
limitation is that the estimates present maximum effects,
as all concentrations are skewed in accordance with
mean and maximum bias (95% CI) estimates, implying
that a systematic deviation (bias) corresponding to the
TE occurred in all samples. This is an inherited limita-
tion as TE consist of both bias and analytical impression.
Compared to real life the analytical error in our simula-
tion is overestimated, as TE will never consist of bias
alone and imprecision and bias may also show opposite
effects. This assumption might explain the higher false
negative rate estimated in our dataset compared to a re-
cent simulation in the High-STEACS study for which it
was assumed that the TE was attributed to analytical im-
pression alone (17). The main limitation in the simula-
tion from Li et al. (17) was that it did not account for
how between-laboratory bias and differences in institu-
tion size affected patient classifications. A large bias at
a large hospital will affect more patients compared to
the same bias at a smaller hospital. We therefore chose
to simulate that the TE consisted exclusively of bias to
estimate a worst-case-scenario, addressing the questions
related to safety sometimes raised for the ADPs. We ac-
knowledge that the current estimates are based on simu-
lated data and should be interpreted with care as it
assumed to represent worst-case scenarios. Per contra,
it is reassuring that a very high sensitivity and NPV
for the outcome prevailed, even under a worst-case
approach.

A further limitation is that we assigned the study
concentration as the original value even though some
of the measurements were obtained using biobank sam-
ples measured with one reagent lot (hs-cTnl-S assay).
Therefore, the original concentration might not re-
present the true level of that assay. Even so, the true va-
lue should be within the limits of the reported TE,
indicating that large skewness of data is unlikely. The
hs-cTnT measurements were undertaken as routine
measurements and within-laboratory bias was therefore
embedded in the original data. Earlier studies (15)
have shown the within-laboratory bias for hs-cTnT is
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approximately +1-2 ng/L. The bias effect seen for the
+bias 9501 in our simulation should therefore be in-
terpreted with care, as it might be too large compared to
a real-life setting. The findings should be viewed as ex-
amples of how TE affects clinical performance of
hs-cTn assays used in ADPs. A final limitation is that
all patients were clinically adjudicated based on the
hs-cTnT assay and we cannot rule out that our data
would have been slightly different if adjudication had
been based on one of the hs-cTnl assays. However, since
96% of the index NSTEMIs were type 1 MI we do not
think this has caused a major effect since the concord-
ance between troponin assays is better for diagnosing
type 1 MI compared to type 2 MI (31).

Conclusions

Long-term analytical bias of hs-cT'n assays influences the
clinical performance of troponin-based ADPs, particu-
larly the rule-out rate, and should be acknowledged by
the scientific, commercial, routine laboratory, and clin-
ical milieus working with these assays. Further analytical
improvements in hs-cTn assays should aim to reduce as-
say bias at the clinical thresholds used for ruling out MI.
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online.
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