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Background: Cardiac troponin I (cTnI) 99th percentile cutoffs, used in the diagnosis of acute myocar-
dial infarction, are not standardized across cTnI assays. We compared 3 point-of-care (POC) and 1
central laboratory contemporary cTnI assays against the Abbott high-sensitivity (hs) cTnI to evaluate
the analytical concordance and the feasibility of using a single cutoff value for all assays.
Methods: Fresh blood samples collected from 102 inpatients in the coronary care unit weremeasured
on central laboratory instruments (Beckman Coulter DxI AccuTnI+3 TnI, Abbott Architect hs-TnI) and
cTnI POC analyzers (Alere Triage Troponin I, Radiometer AQT90, Abbott i-STAT). Agreement and corre-
lation between the contemporary cTnI assays and hs-cTnI assay were assessed using regression anal-
ysis. Proportional bias was assessed using Bland–Altman plots. Concordance between the
contemporary cTnI and hs-cTnI assays was determined by diagnostic contingency tables at specific
cutoffs.
Results: Most POC cTnI assays had excellent correlation with the Abbott hs-cTnI method (r2 = 0.955–
0.970) except for Alere Triage (r2 = 0.617), while proportional bias is evident between all cTnI assays.
Overall concordance between POC contemporary cTnI assays and hs-cTnI assay was 80% to 90% at
their respective 99th percentile cutoffs. The concordance increased to 90% to 95% when a fixed cutoff
of 0.03 to 0.05 ng/mL was used across the assays.
Conclusions: This study demonstrates poor analytical concordance between cTnI assays at the 99th
percentile and supports the notion of a single clinical decision limit for cTnI and consequently stan-
dardization of diagnostic protocols despite the analytical differences among these assays.

IMPACT STATEMENT
This study compares the analytical concordance of 3 point-of-care (POC) and 1 contemporary

central laboratory cardiac troponin I (cTnI) assays to a high-sensitivity cTnI assay using the 99th
percentile and an alternative cutoff. These data can be used as an approach to harmonize troponin
interpretation when 2 different troponin systems coexist. The evidence of the study will help
laboratories decide on an optimized thresholdwith improved analytical concordance for the pair of
POC and central laboratory troponin assays.
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Cardiac troponin (cTn)6 is used as part of diag-
nostic and prognostic testing in patients with sus-
pected acute myocardial infarction (AMI). In the
past decade, refinement in the analytical perfor-
mance of troponin assays has allowed the detec-
tion of very low cTn concentrations and has made
determination of the 99th percentilemore precise.
Improvement of sensitivity and precision between
the limit of detection and the 99th percentile has
allowed high-sensitivity (hs) cTn assays to differen-
tiate small but clinically significant changes from
analytical noise, thereby facilitating a more rapid
rule-out and rule-in of AMI. Many studies have
evaluated rapid rule-in/rule-out protocols using
hs-cTnwith a second test at 1 to 3 h; this compares
with contemporary cTn assays that require repeat
testing at 6 to 12 h (1–4). Medical and laboratory
associations endorse the 99th percentile cutoff for
cTn as the clinical decision value as an aid to iden-
tify patients with AMI (5, 6). Due to the use of dif-
ferent healthy populations, calibration, antibody,
andmethodwork flow, the heterogeneity of assays
means that the 99th percentile cutoffs are not
clinically identical betweenmanufacturers, espe-
cially for cTnI assays (7). This raises concerns for
patient safety when different troponin thresh-
olds and/or different assays are used with differ-
ent cutpoints in an integrated health region.
This situation generates confusion for physi-
cians working at multiple locations and increases
the risk of result misinterpretation, leading to
medical errors and ultimately poor patient care
(8, 9). A single harmonized cutoff could be advan-
tageous if comparable analytical and clinical per-
formance can be achieved between assays.

Point-of-care (POC) cTn testing is commonly
used when the central laboratory cannot provide
test results within 60 min, such as in emergency
departments, ambulances, and rural areas where
access to themain system laboratory is not readily
available. Faster cTn results allow timely triage, dis-
position, and early discharge (10). However, most
POC troponin assays aremore expensive, less sen-
sitive, and less precise compared with the central
laboratory assays (11), and consequently, they are
restricted to situations in which the risk of a de-
layed result outweighs the limitation of using
POC devices, such as in rural areas and as
backup to the main laboratory assay. The goals
of this study are to (a) compare 3 POC and 1
central laboratory contemporary cTnI assays
with an hs-cTnI assay and (b) evaluate the analyt-
ical concordance and establish an optimal cutoff
for these assays.

METHODS

Study design

The study was approved by the Research Ethics
Board at the University of Alberta (Pro00070032).
Written informed consent was obtained from 102
patients admitted to the coronary care unit (CCU)
at Mazankwoski Alberta Health Institute in Edmon-
ton, Alberta, Canada, between March and June
2017. Patients admitted to the CCU were initially
diagnosed with acute coronary syndrome, non–ST
segment elevation myocardial infarction, ST seg-
ment elevationmyocardial infarction, and unstable
angina (Table 1). Demographic information includ-
ing age, sex, and renal function was collected.
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Three tubes of fresh venous whole blood (2 BD
Vacutainer K2EDTA and 1 BD Vacutainer lithium
heparin plasma separator tubes) were collected
from each patient, in addition to the routinemorn-
ing blood draw. Immediately after blood collection,
1 EDTA tube of whole blood was analyzed on the
Radiometer AQT90 and Alere Triage Troponin I,
and 1 heparin plasma separator tube of whole
blood was used for analysis on the Abbott i-STAT.
Whole blood from the same EDTA and heparin
tubes was centrifuged at 3000g for 10 min within
2 h after collection. Each plasma sample was
measured on the Beckman Coulter DxI Ac-
cuTnI+3 and Abbott Architect hs-cTnI assays
within the day of collection in accordance with
stability claims.

Method comparisons and bias assessment

Manufacturer-defined 99th percentile values
and specimen type for the cTnI assays used in this
study are summarized in Table 1 of the Data Sup-
plement that accompanies the online version of
this article at http://www.jalm.org/content/vol3/
issue5. Three POC cTnI assays (Radiometer AQT90,
Alere Triage Troponin I, Abbott i-STAT) and 1 cen-
tral laboratory contemporary cTnI assay (Beckman
Coulter DxI AccuTnI+3) were compared with the
Abbott Architect hs-cTnI assay. The Abbott hs-cTnI
assay was designated as the reference method

because of significantly improved precision pro-
files from the lower end of the measuring range
and across the 99th percentile cutoff. Whole blood
run on AQT90 and Triagewas comparedwith EDTA
plasma run on the Abbott hs-cTnI assay. Whole
blood run on i-STAT was compared with heparin
plasma on the Abbott hs-cTnI assay. Both heparin
and EDTA plasma samples were used to compare
the Beckman AccuTnI+3 and Abbott hs-cTnI as-
says. All quality control results were within the ac-
ceptable limit during the study period. Data within
the linear range were assessed. Regression analy-
sis (ordinary least squares) was used for each pair-
wise comparison. Proportional bias was assessed
by Bland–Altman plots.

Diagnostic performance at the
manufacturer's 99th percentile cutoff and
fixed cutoffs for contemporary cTnI assays
against the hs-cTnI assay

Four different cutoffs including the 99th percen-
tile of each assay and fixed cutoffs across all assays
of 0.03, 0.04, and 0.05 ng/mL were used to assess
overall concordance, true-positive (TP), true-
negative (TN), false-positive (FP), and false-negative
(FN) rates. The Abbott hs-cTnI assay was assigned
as the gold standard method to compare results
from other assays. The concentration range in the
Abbott hs-cTnI assay is 0 to 48000 ng/L (i.e. 0 to 48
ng/mL). The choice to examine these specific cut-
offs was based around the manufacturer-claimed
99th percentile cutoff for the central laboratory
assays: Abbott hs-TnI (0.0262 ng/mL) and Beckman
Coulter AccuTnI+3 (0.02ng/mL for Americanpopula-
tion and 0.04 ng/mL for European population). At
each troponin cutoff, a positive result was defined as
greater than the specified cutoff value, whereas a
result was deemed negative at or less than the de-
finedcutoff. A2×2diagnostic tablewasgenerated to
compare the test assay and hs-cTnI assay at a spe-
cific cutoff. TP and TN denote that both assays yield
positive and negative results, respectively. FP indi-
cates that the test assay is positive and the hs-cTnI

Table 1. Final diagnosis of study population
and the hs-cTnI measurement at CCU.a

Final
diagnosis

Number
of patients

Abbott
hs-TnI, ng/L

STEMIb 14 13933 ± 15260
NSTEMI 25 1759 ± 2614
Unstable angina 15 53 ± 70
Heart failure 13 28 ± 35
Cardiac, others 31 759 ± 2559
Non-cardiac 4 66 ± 61

a Troponin result is expressed mean ± SD.
b STEMI, ST segment elevation myocardial infarction; NSTEMI,
Non–ST segment elevation myocardial infarction.
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assay is negative. FN denotes that the test assay is
negative but the hs-cTnI assay is positive. Analyt-
ical concordance is defined as the proportion of
TP and TN between 2 assays to total specimen
examined. The requirement for an optimal cutoff
would be a high analytical concordance (>90%)
between the 2 selected assays. In this analysis,
specimens were grouped and evaluated by anti-
coagulant (heparin or EDTA) to control for any
anticoagulant-related differences in troponin I
results (12).

Statistical methods

Significance of discordant results in the 2 × 2 table
between assays was assessed usingMcNemar's test
(SigmaPlot 11). Significant discordant is defined as P
< 0.05. Optimal cutoff is defined by the highest con-
cordance between the test assay and reference
assay (e.g., hs-cTnI). The 95% confidence inter-
vals (CI) were calculated for the diagnostic test
parameters in the contingency table (MedCalc
version 18). Least-square regressions, Bland–
Altman plots, and receiver operating character-
istic (ROC) curves were generated with Analyze-It
(version 4.81).

RESULTS

Method comparison demonstrated
substantial interassay variability in
troponin I assays

Assays had excellent correlationwith the hs-cTnI
method (r2 = 0.955–0.970) except for Alere Triage
(r2 = 0.617) across the full measuring range. Bias
was noted in all cTnI assays (Fig. 1; see also Fig. 1 in
the online Data Supplement). Abbott i-STAT had
the lowest average bias of all the POC cTnI assays
(38%; 95% CI, 7%–69%; y = 0.8481x + 10.694), fol-
lowed by Triage (44%; 95% CI, −66% to 154%; y =
0.522x + 315.44). Radiometer AQT 90 had the larg-
est negative bias (−64%; 95% CI, −79 to −50%; y =
0.1771x + 88.627) of all the assays (see Fig. 1 in the
online Data Supplement). For clinically relevant
cTn concentrations of <0.1 ng/mL, correlation re-
mained poor and variable among all POC assays.
At this low range, Abbott i-STAT was the best (r2 =
0.959) and Alere Triage had the poorest correla-
tion (r2 = 0.355) among the POC assays (Fig. 2).
Significant proportional bias was also found be-
tween contemporary cTnI and hs-cTnI assays (Fig.
2; see also Fig. 2 in the online Data Supplement).

y = 0.1771x + 88.627 
R² = 0.9548 

y = 0.5224x + 315.44 
R² = 0.617 

y = 0.631x + 81.152 
R² = 0.9703 

0 

5 

10 

15 

20 

25 

30 

0 5000 10 000 15 000 20 000 25 000 30 000 Te
st

 tr
op

on
in

 I 
m

et
ho

d,
 n

g/
m

L

Abbo� Architect hs-cTnI, ng/L  

Troponin I—EDTA specimens   

AQT90 Triage AccuTnI+3 

Linear (AQT90) Linear (Triage) Linear (AccuTnI+3) 

y = 0.8481x + 10.694 
R² = 0.959 

y = 0.7483x + 105.26 
R² = 0.963 

0 

5 

10 

15 

20 

25 

30 

0 5000 10 000 15 000 20 000 25 000 30 000 Te
st

 tr
op

on
in

 I 
m

et
ho

d,
 n

g/
m

L

Abbo� Architect hs-TnI, ng/L  

Troponin I—Lithium heparin specimens   

iSTAT AccuTnI+3 
Linear (iSTAT) Linear (AccuTnI+3) 

Fig. 1. Method comparison of contemporary cTnI assays with the Abbott hs-cTnI assay in EDTA (A) and
lithium heparin (B) specimens across the analytical measuring range of the assays.
Bias is noted in all assays (largest bias for AQT90; least bias for i-STAT).
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Diagnostic performance at the 99th
percentile cutoff

Compared with the Abbott hs-cTnI assay, overall
concordance at the 99th percentile of each assay

was the highest for AccuTnI+3 (94%; 95% CI, 88%–
98%), followed by Triage (90%; 95% CI, 83%–95%),
AQT90 (80%; 95% CI, 70%–87%), and i-STAT (80%;
95% CI, 71%–88%) (Fig. 3). At the clinically relevant
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Fig. 2. Method comparison of cTnI assayswith the Abbott hs-cTnI assay in EDTA (A) and lithiumheparin
(B) specimens at the clinically relevant cTnI levels (<0.10 ng/mL or <100 ng/L).
Like Fig. 1, bias is largest for AQT90 and smallest for i-STAT.
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Fig. 3. Overall concordance of each cTnI assay against the Abbott hs-cTnI assay at their 99th percentile
values and a fixed cutoff.
At themanufacturer's claimed 99th percentile of each assay, overall concordance is variable among cTnI assays and is lowest
for AQT90 and i-STAT. At a fixed cutoff of 0.04 ng/mL or 40 ng/L, there is >90% concordance in all contemporary cTnI assays
when compared with the Abbott hs-cTnI assay.
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cTnI concentrations (<0.10ng/mL), the FN rateswere
highest for both AQT90 and i-STAT at 33% (20 nega-
tives of 60 results) (Table 2). Triage had an FN rate of
19% (9 negatives of 47 results). AccuTnI+3 had the
lowest FN rate at 7% (3 negatives of 41 results).

Diagnostic performance at a fixed cutoff

Fixed cutoffs were used to compare the analyti-
cal diagnostic performance of the POC and central
laboratory contemporary cTnI assays against the
hs-cTnI assay (Fig. 3 and Table 2). The highest over-
all concordance was at the cutoff of 0.03 ng/mL for
i-STAT [94% (88%–98%)], 0.04 or 0.05 ng/mL for
AQT90 [90% (88%–98%)], 0.05 ng/mL for Triage
[95% (89%–98%)], and 0.04 ng/mL (the 99th per-
centile) for AccuTnI+3 [94% (88%–98%)]. At 0.04
and 0.05 ng/mL cutoffs, the sensitivity (TP rate)
and area under the ROC curve were also the
greatest without compromising the specificity
(TN rate) (Fig. 4; see also Fig. 3 in the online Data
Supplement). The FN rate was reduced to 15% in
AQT90, 5% in Triage, 3% in i-STAT, and 0% in
AccuTnI+3.

DISCUSSION

This study has several important and novel find-
ings. First, there is suboptimal analytical concor-
dance at the 99th percentile cutoff compared with
the fixed cTnI cutoffs for POC cTnI assays against
the central laboratory hs-cTnI assay. Second, we
identified the optimal cutoff based on analytical
concordance for the specific POC and hs-cTnI as-
says. Lastly, this study examined an approach to
harmonize cTnI cutoff when different cTnI assays
are used in a health region.
A common problem with troponin I assays is the

lack of comparability and harmonization resulting
in substantial bias (13–15). Early attempts to stan-
dardize contemporary cTnI assays were unsuc-
cessful because of poor commutability of the
standard reference material among assays (16,

17). Recent efforts using serum-based cTnI refer-
ence materials showed promise to achieve
harmonization of cTnI results (18). Currently,
assay-specific 99th percentile cutoffs are widely
endorsed to help alleviate the lack of assay stan-
dardization; however, this value is not identical
across different central laboratory cTnI and hs-
cTnI assays (7, 19). Our findings extend this con-
cerning observation to the POC cTnI assays by
demonstrating suboptimal analytical concordance
and high FN rates against the central laboratory
assays at the 99th percentile cutoff. The conse-
quence of FNs in the POC troponin test can result
in missed AMI, which would otherwise be diag-
nosed andmanaged appropriately. A resolution to
the issue could repeat the POC test to improve
confidence of the results. However, it would con-
tradict the primary purpose of performing POC
troponin I testing because it will lead to delayed
reporting and additional costs.
It is important to appreciate that the establish-

ment of the 99th percentile is also not standard-
ized. First, different reference populations have
been used to derive the 99th percentile cutoff.
Second, sex- and age-specific influence on tro-
ponin assays have been recently identified espe-
cially for hs-cTnI. Third, the manufacturer-derived
99th percentile cutoff in hs-cTnI assays may not
truly reflect certain populations, such as renal dys-
function patients or a so-called healthy population
not reflective of the true patient cohort who pres-
ent to the emergency department (20). Fourth, use
of manufacturer-derived 99th percentile cutoffs
are not clinically equivalent between assays, which
can lead to a different clinical diagnosis if an alter-
nate troponin assay is used (7). Fifth, differences in
results are produced using different sample types,
such as EDTA plasma vs heparin plasma. For
these reasons, it is vital to understand the capa-
bilities and suitability of the 99th percentile of
the specific troponin assays applied to the local
patient population. In the ideal situation, a direct
reference interval study to establish the 99th
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percentile using a local population is recom-
mended but largely prohibitive because it is re-
source intensive.
Harmonization is difficult to achieve in an inte-

grated health network consisting of multiple hos-
pitals, laboratories, and a plethora of POC troponin
assayswith significant interassay variability and dif-
ferent 99th percentile cutoffs. We attempted using
a single decision limit for all the cTnI assays used in
our health region with the proviso of a high rate
of concordant patient classification among the

different assays. By applying a range of single cutoffs
instead of the assay's 99th percentile, the analytical
concordance is increased, as are the significantly im-
proved TP rates and TN rates. For example, i-STAT's
inferior TP rate and FN rates at 0.08 ng/mL (99th
percentile) are dramatically improvedwith a cutoff of
0.03 ng/mL. An alternate 99th percentile cutoff (e.g.,
0.04 ng/mL) for i-STAT was previously demonstrated
to improve the sensitivity from 34% (at the 99th per-
centile cutoff of 0.08 ng/mL) to 81% (21, 22). Similarly,
overall analytical concordance with hs-cTnI is
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Fig. 4. ROC curve for each cTnI assay against the Abbott hs-TnI assay at their 99th percentile values and
a fixed cutoff.
Area under the curve of comparison is stated in the bracket.
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improvedwith anoptimized threshold of 0.04 ng/mL
for AQT90 and Triage.
Our results suggested that a single harmonized

cutoff of 0.03 to 0.05 ng/mL yields the greatest
interassay agreement and could be used when
POC and central laboratory assays coexist. POC
cTnI assays are also used as a backup to the central
laboratory assay. To achieve this goal, the perfor-
mance of the POC cTnI test must be comparable
with that of the central laboratory. Implementing a
single cutoff avoids physician confusion associated
with multiple reference intervals for the same labo-
ratory test, especially for physicians working inmulti-
ple locations. Prospective clinical studies would also
be desirable to assess the patient outcome, safety,
and impact to the overall health system.
Although comparison studies have been pub-

lished for a variety of central laboratory and POC
troponin assays, most of these studies use frozen
plasma samples for analysis, whereas few studies
are performed using fresh whole blood and
plasma samples (13, 14). Although repeated freez-
e–thaw cycles and storage at −70 °C for 1 year did
not have statistically significant changes to cTnI lev-
els (23–25), frozen specimens could produce vari-
able patterns for individual samples with up to a
50% change from baseline (25). While repeated
freeze–thaw cycles produced a minimal change in
cTnI with the new Beckman hs-cTnI assay, it was
greatly affected using the Abbott hs-cTnI assay
(26). Storage at −20 °C was also shown to produce
a significant negative trend in cTnI with the

Beckman AccuTnI+3 assay (27). For these reasons,
we used fresh samples in the same matrix as in-
tended in the clinical setting.
The current study has several limitations. First,

this study was not designed to compare the
optimized cutoffs with clinical diagnosis. The cutoff
values were based on the analytical capabilities of
the different cTnI assays compared with the hs-cTnI
reference assay. Future studies will be required to
assess the suitability of these cutoffs in the clinical
settings (e.g., emergency department for strate-
gies to rule in or rule out AMI) and cost-effective-
ness of standardizing the cTnI cutoff between POC
and central laboratory assays. Second, the CCU pa-
tientsmay not accurately reflect the population seen
in the emergency department or rural areas inwhich
the POC devices are predominately used. Third, the
number of female subjects enrolled (n = 26) pre-
cludes evaluating sex-specific 99th percentile cutoff
for the hs-cTnI assay. Finally, given our modest sam-
ple size (n = 102), this studywould be underpowered
to detect clinically meaningful differences.
In conclusion, this study demonstrates improved

analytical concordance and TP rates but reduced FN
rates by using a fixed optimal cutoff of 0.03 to 0.05
ng/mL as opposed to the 99th percentile of each
assay. Our results also support the notion of a single
clinical decision limit for cTnI to provide better ana-
lytical concordance and, consequently, standardiza-
tion of diagnostic protocols despite the analytical
differences among these assays.
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