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Background—It is unknown whether more sensitive cardiac troponin (cTn) assays maintain their clinical utility in patients
with renal dysfunction. Moreover, their optimal cutoff levels in this vulnerable patient population have not previously
been defined.

Methods and Results—In this multicenter study, we examined the clinical utility of 7 more sensitive cTn assays (3 sensitive
and 4 high-sensitivity cTn assays) in patients presenting with symptoms suggestive of acute myocardial infarction. Among
2813 unselected patients, 447 (16%) had renal dysfunction (defined as Modification of Diet in Renal Disease—estimated
glomerular filtration rate <60 mL-min~'-1.73 m™). The final diagnosis was centrally adjudicated by 2 independent
cardiologists using all available information, including coronary angiography and serial levels of high-sensitivity cTnT.
Acute myocardial infarction was the final diagnosis in 36% of all patients with renal dysfunction. Among patients with
renal dysfunction and elevated baseline cTn levels (=99th percentile), acute myocardial infarction was the most common
diagnosis for all assays (range, 45%—80%). In patients with renal dysfunction, diagnostic accuracy at presentation,
quantified by the area under the receiver-operator characteristic curve, was 0.87 to 0.89 with no significant differences
between the 7 more sensitive ¢Tn assays and further increased to 0.91 to 0.95 at 3 hours. Overall, the area under the
receiver-operator characteristic curve in patients with renal dysfunction was only slightly lower than in patients with
normal renal function. The optimal receiver-operator characteristic curve—derived cTn cutoff levels in patients with renal
dysfunction were significantly higher compared with those in patients with normal renal function (factor, 1.9-3.4).

Conclusions—More sensitive cTn assays maintain high diagnostic accuracy in patients with renal dysfunction. To ensure
the best possible clinical use, assay-specific optimal cutoff levels, which are higher in patients with renal dysfunction,
should be considered.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00470587.

(Circulation. 2015;131:2041-2050. DOI: 10.1161/CIRCULATIONAHA.114.014245.)
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cute myocafdial. infarction (AMI) is a maj.or cause of Editorial see p 2029
death and disability in Europe and the United States.'
Its rapid and accurate diagnosis is critical for effective evi-
dence-based medical management and treatment>™ but is (“rule in”) hold back prompt use of evidence-based thera-
still an unmet clinical need. Delays in diagnosing disease pies.> Delays in excluding AMI (“rule out”) interfere with
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evaluation of alternative diagnoses and contribute to medical
errors and costs associated with crowding in the emergency
department (ED).””?

For several reasons, patients with renal dysfunction merit
particular attention. First, the incidence of AMI is increased in
this vulnerable subgroup.!®!" Second, atypical clinical presen-
tation of AMI may be more frequent.'>!* Third, left ventricular
hypertrophy is common and often results in ECG changes that
may mimic or obscure AMI. Fourth, patients with renal dys-
function are more prone to adverse events related to cardio-
vascular medication, for example, anticoagulation, as well as
to cardiovascular procedures, including coronary angiography
and coronary intervention.!

More sensitive cardiac troponin (cTn) assays with a limit of
detection below the 99th percentile of a healthy reference pop-
ulation and improved precision have recently become available
in clinical practice.'*'® While sensitive (s) assays allow the
detection of cTn in 20% to 50% of healthy individuals, high-
sensitivity (hs) assays allow the detection of cTn in even 50%
to 90% of healthy individuals.!” These assays improved the
early diagnosis of AMI in unselected patients with suspected
AMIL."®1 However, their clinical utility in patients with renal
dysfunction has recently been questioned.”®* For example,
elevated cTn levels above the 99th percentile were observed
in up to 40% of patients with renal dysfunction and diagnoses
other than AMI, potentially reducing the specificity for AMIL>*-
22 Although the 99th percentile is the undisputed reference
value to diagnose AMI according to the universal definition of
AMLI, optimal clinical decision levels or cutoff levels at pre-
sentation to the ED may well differ from the 99th percentile.*

We therefore aimed to examine the diagnostic performance
and to identify the optimal cutoff levels of 7 more sensitive
cTn assays for the early diagnosis of AMI in patients with
renal dysfunction.

Methods
Study Design and Population

The Advantageous Predictors of Acute Coronary Syndrome Evaluation
(APACE) is an ongoing prospective, international, multicenter study
designed and coordinated by the University Hospital Basel (Basel,
Switzerland).'***?* From April 2006 to June 2013, 3030 consecutive
patients >18 years of age presenting to the ED with symptoms sug-
gestive of AMI with an onset or peak within the last 12 hours were
recruited after providing written informed consent. Although enroll-
ment was completely independent of renal function, allowing the
inclusion of a large number of patients with various degrees of renal
dysfunction, patients with terminal kidney failure requiring regular
long-term dialysis were excluded. For this analysis, patients were also
excluded if no creatinine value at presentation to the ED was avail-
able (n=18), if none of the 7 investigational cTn assays were available
at baseline (n=107), or if the final diagnosis remained unclear after
adjudication (n=92; for details, see the online-only Data Supplement).
Because some patients had missing data for some of the 7 investiga-
tional cTn assays, 7 assay-specific subcohorts with a large overlap but
numerically not identical sizes were derived from the main cohort.
Renal function was quantified by estimating glomerular filtration
rate (eGFR) with the use of the abbreviated Modification of Diet in
Renal Disease Study equation based on plasma creatinine level, age,
and sex, as described in detail elsewhere.>?’ For this analysis, renal
dysfunction was defined as an eGFR of <60 mL-min~'-1.73 m22¢
All creatinine measurements were performed on a Roche Modular
P1 analyzer with the enzymatic Creatinine-PAP method for quanti-
fication (Roche Diagnostics, Switzerland). Serum creatinine can be

converted from micromoles per liter to milligrams per deciliter by
dividing by 88.4.

The study was carried out according to the principles of the
Declaration of Helsinki and approved by the local ethics committees.
The authors designed the study, gathered and analyzed the data, vouch
for the data and analysis, wrote the paper, and made the decision to sub-
mit it for publication. The assays were donated by the manufacturers,
which had no role in the design of the study, the analysis of the data, the
preparation of the manuscript, or the decision to submit for publication.

Routine Clinical Assessment

All patients underwent a clinical assessment that included medical
history, physical examination, 12-lead ECG, continuous ECG moni-
toring, pulse oximetry, standard blood test, and chest radiography.
Levels of ¢cTn were measured at presentation and serially thereafter
as long as clinically indicated. Timing and treatment of patients were
left to discretion of the attending physician.

Adjudicated Final Diagnosis
Adjudication of the final diagnosis was performed centrally in a core
laboratory (University Hospital Basel) and included levels of Roche
hs-cTnT to take advantage of the higher sensitivity and higher overall
diagnostic accuracy offered by hs-cTn assays (which allows the addi-
tional detection of small AMIs that were missed by the adjudication
based on conventional ¢Tn assays).?*?! Two independent cardiologists
reviewed all available medical records—patient history, physical
examination, results of laboratory testing (including hs-cTnT levels),
radiological testing, ECG, echocardiography, cardiac exercise stress
test, lesion severity, and morphology in coronary angiography—per-
taining to the patient from the time of ED presentation to the 90-day
follow up. Specifically, the patients’ description of pain (typical, atyp-
ical, nonspecific), time since onset and peak of symptoms, and new
ECG findings were taken into account for the adjudication of the final
diagnosis. Furthermore, in patients with renal dysfunction, cTn levels
of prior admissions were considered to assess whether the cTn levels
were elevated previously. If the patient was taken to the catheteriza-
tion laboratory, the presence of an acute occlusion, an acute culprit
lesion with less than Thrombolysis in Myocardial Infarction grade 3
flow, and new wall motion abnormalities were considered evidence
of AMI if observed in combination with an acute rise or fall in hs-
cTnT. In situations of disagreement about the diagnosis, cases were
reviewed and adjudicated in conjunction with a third cardiologist.
AMI was defined and cTn levels were interpreted as recommended
in current guidelines."*? In brief, AMI was diagnosed when there
was evidence of myocardial necrosis in association with a clinical set-
ting consistent with myocardial ischemia. Myocardial necrosis was
diagnosed by at least 1 cTn value above the 99th percentile of healthy
individuals, together with a significant rise or fall.'**% The criteria
used to define rise or fall are described in detail in the Methods sec-
tion in the online-only Data Supplement.

Investigational ¢Tn Analysis

Details on the 7 cTn assays used in this analysis are given in the Methods
section in the online-only Data Supplement. All 7 more sensitive cTn
assays were centrally measured in a core laboratory. As for all ¢cTn
assays, the 7 more sensitive cTn assays are not biologically equivalent.

Follow-Up and Clinical End Points

After hospital discharge, patients were contacted after 3, 12, and 24
months by telephone calls or in written form. Information on death
was furthermore obtained from the national registry on mortality, the
diagnosis registry of the hospitals, and the family physicians’ records.
The primary prognostic end point was survival within 2 years.

Statistical Analysis
Details on statistical analysis can be found in the online-only Data
Supplement.
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Results

Patient Characteristics

Among the 2813 unselected patients in the total cohort,
447 (16%) had renal dysfunction (Table 1). Among the

Table 1. Baseline Patient Characteristics
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7 assay-specific subcohorts, baseline characteristics and
final diagnoses were comparable (Table I in the online-
only Data Supplement). Patients with renal dysfunction
differed from patients with normal renal function in mul-
tiple baseline characteristics, including higher prevalence

Patients With Renal Dysfunction

All Patients Normal Renal Renal Dysfunction*
(n=2813) Function (n=2366) (n=447) PValuet PValuet

Male sex, n (%) 1907 (68) 1656 (70) 251 (56) <0.001 0.305
Age, median (Q1, Q3),y 62 (49, 74) 58 (48, 70) 77 (70, 83) <0.001 0.004
Cardiovascular risk factors, n (%)

Diabetes mellitus 488 (17) 363 (15) 125 (28) <0.001 0.039

Current smoking 720 (26) 675 (29) 45 (10) <0.001 0.083

History of smoking 1013 (36) 823 (35) 190 (43) <0.001 0.089

Hypercholesterolemia 1407 (50) 1099 (46) 308 (69) <0.001 0.062

Hypertension 1741 (62) 1342 (57) 399 (89) <0.001 0.099
History, n (%)

Known coronary artery disease 965 (34) 714 (30) 251 (56) <0.001 0.221

Previous myocardial infarction 653 (23) 475 (20) 178 (40) <0.001 0.205

Previous revascularization 768 (27) 590 (25) 178 (40) <0.001 0.795

Peripheral artery disease 171 (6) 112 (5) 59 (13) <0.001 0.086

Previous stroke 154 (6) 106 (5) 48 (11) <0.001 0.125
Vital status, median (Q1, Q3)

Heart rate, bpm 76 (66, 89) 76 (66, 89) 74 (63, 91) 0.162 0.033

Systolic blood pressure, mmHg 141 (127, 159) 142 (128, 159) 138 (120, 157) 0.001 0.213

Diastolic blood pressure, mmHg 82 (72,92) 83 (74, 92) 75 (65, 86) <0.001 0.157

Body mass index, kg/m? 26 (24, 30) 26 (24, 30) 27 (24, 30) 0.414 <0.001
ECG, n (%)

ST-segment elevation 134 (5) 110 (5) 24 (6) 0.010 <0.001

ST-segment depression 322 (11) 228 (10) 94 (21) <0.001 <0.001

T-wave inversion 375(13) 287 (12) 88 (20) <0.001 <0.001

Left bundle-branch block 81(3) 52 (2) 29 (7) <0.001 0.024
Diagnostic examinations and
interventions,1 n (%)

Stress testing 711 (25) 626 (27) 85 (19) 0.001 0.009

Coronary angiographies 739 (26) 590 (25) 149 (33) <0.001 <0.001

Coronary interventions 443 (16) 357 (15) 86 (19) 0.027 <0.001

CABG 64 (2) 52 (2) 12 (3) 0.527 <0.001
Renal function, median (Q1, Q3)

Creatinine, pmol/L 76 (65, 90) 72 (63, 83) 116 (99, 139) <0.001 0.038

MDRD eGFR, mL-min-'-1.73 m~2 85 (69, 101) 90 (77, 104) 49 (39, 55) <0.001 0.089
Stages of renal dysfunction, n (%)

eGFR 30-59 mL-min-"-1.73 m2 403 (14) 403 (90) 0.491

GFR 15-29 mL-min~'-1.73 m-2 34 (1) 34 (8) NA

eGFR <15 mL-min-'-1.73 m~? 10 (0.4) 10 (2)

AMI indicates acute myocardial infarction; CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal
Disease; Q1, quartile 1; and Q3, quartile 3.

*Renal dysfunction was diagnosed if the MDRD eGFR was <60 mL-min-'-1.73 m~2 at presentation.
tThe 2 test was used for comparison of proportions.

fPerformed during or directly after the index visit (within 1 month).
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of cardiovascular risk factors, previous myocardial infarc-
tion, stroke, and ECG abnormalities. In patients with renal
dysfunction, the total rate of additional cardiac testing
related to AMI diagnosis (in addition to detailed history,
ECG, cTn, chest x-ray), including coronary angiography
or cardiac stress testing with or without imaging, was simi-
lar to that of patients with normal renal function (52% in
both groups; P=NS). Coronary angiography was performed
more frequently in patients with renal dysfunction (33%)
compared with patients with normal renal function (25%;
P<0.001).

AMI was the adjudicated final diagnosis in 36% of patients
with renal dysfunction compared with 18% in patients with
normal renal function (P<0.001). Both type I AMI and type
IT AMI were more frequent in patients with renal dysfunc-
tion. Among patients with non—-ST-segment—elevation myo-
cardial infarction, type II AMI was seen in 23% of patients
with renal dysfunction compared with 10% in patients with
normal renal function (P<0.001; Table II in the online-only
Data Supplement). Disagreement between the 2 indepen-
dent cardiologists adjudicating the final diagnosis was more
common in patients with renal dysfunction compared with
patients with normal renal function (8.7% versus 5.9%;
P=0.023) and tended to be more common in patients present-
ing with elevated levels of hs-cTnT compared with patients
presenting with normal levels of hs-cTnT (7.4% versus
5.7%; P=0.063).

c¢Tn Levels at Presentation

In patients with renal dysfunction and in patients with nor-
mal renal function, cTn levels at presentation, as assessed
by all 7 more sensitive cTn assays, were significantly higher
in patients whose final diagnosis was AMI compared with
those with other diagnoses (P<0.001 for comparisons).
Among the patients whose final diagnosis was not AMI,
patients with renal dysfunction had significantly higher
baseline levels of all 7 more sensitive cTn assays compared

with patients with normal renal function (P<0.001 for all
comparisons with patients with normal renal function).
Overall, 12% of patients with renal dysfunction and a
final diagnosis other than AMI had elevated baseline lev-
els above the 99th percentile with Abbott-Architect s-cTnl,
20% with Siemens-Ultra s-cTnl, 12% with Beckman-
Coulter Accu s-cTnl, 71% with Roche hs-cTnT, 17% with
Abbott hs-cTnl, 46% with Siemens hs-cTnl, and 54% with
Beckman-Coulter hs-cTnl. Among patients with normal
renal function, the percentages were significantly lower
7%, 7%, 7%, 15%, 6%, 23%, and 21%, respectively;
P<0.001 for all comparisons; Figure 1). Among patients
with renal dysfunction and elevated (=99th percentile)
baseline cTn levels, AMI was the most common diagnosis
for all assays (range, 45%—80%; Figure 2). Among patients
with renal dysfunction and normal baseline cTn levels,
noncardiac cause of chest pain is the most common diagno-
sis (Figure I in the online-only Data Supplement). Details
on median absolute changes of hs-cTnT during serial sam-
pling are shown in Table IIIA and IIIB in the online-only
Data Supplement.

Correlations Between cTn levels and eGFR

Among patients with final diagnoses other than AMI, all 7 more
sensitive cTn assays correlated significantly and inversely
with renal function as quantified with the Modification of Diet
in Renal Disease eGFR formula (correlation coefficient, r,
ranging from —0.448 to —0.222; P<0.001 for all correlations).
The correlation between eGFR and hs-cTnT was stronger
compared with the correlation between eGFR and hs-cTnl as
measured with all assays (Figure II in the online-only Data
Supplement).

Diagnostic Accuracy of More Sensitive cTn

In patients with renal dysfunction, the diagnostic accuracy
for measurements obtained at presentation, as quantified by
the area under the receiver-operating characteristic curve
(AUC), overall was high (AUC, 0.87-0.89) for all 7 more

[CJAbbott-Architect s-cTnl
- M siemens Ultra s-cTnl

[CJRoche hs-cTnT
CJAbbott-Architect hs-cTnl
M sSiemens hs-cTnl
BBeckman-Coulter hs-cTl

[}
1

(%]
Il

Multiples of the 99th Percentile

T MBeckman-Coulter Accu s-cTnl

Figure 1. Baseline levels of more sensitive cardiac
troponin (cTn) assays at presentation in patients
with final diagnosis other than acute myocardial
infarction. cTn levels are displayed as multiples of
the 99th percentile. Boxes represent interquartile
ranges; whiskers display ranges (without outliers
further than 1.5 interquartile ranges). Left, In
patients with renal dysfunction. Right, In patients
with normal renal function. hs indicates high-
sensitivity; and s, sensitive.
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m Acute myocardial infarction
Unstable angina
Cardiac cause, but not CAD*

= Non-cardiac cause

Abbott-Architect s-cTnl
n=78
5%

14%

80%

Siemens Ultra s-cTnl
n=170
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Roche hs-cTnT
n=350

25%

45%

19%
1%
Abbott-Architect hs-cTnl

n=145
9%

14%
3%
74%

Siemens hs-cTnl
n=170

18%

4%

:

9% 17%
1%

Beckman-Coulter Accu s-cTnl Beckman-Coulter hs-cTnl

n=65 n=126
5%

9
17% 2%

1% 48%

18%

7%

1%

Figure 2. Distribution of final diagnoses in patients with renal
dysfunction and cardiac troponin (cTn) levels above the 99th
percentile at presentation. hs Indicates high-sensitivity; and s,
sensitive. *Coronary artery disease.

sensitive-cTn assays (Table 2 and Figure 3). Diagnostic
accuracy further increased to 0.91 to 0.95 for samples
obtained at 3 hours (Table IV in the online-only Data
Supplement) and for combinations of the baseline level
with early absolute changes (eg, at 1 hour: AUC, 0.90-0.93;
Table V in the online-only Data Supplement). No significant
differences among the 7 more sensitive cTn assays were
observed (P=NS for all comparisons). Overall, the AUCs
in patients with renal dysfunction were only slightly lower
than in patients with normal renal function. The AUC for
levels obtained at presentation in patients with normal renal
function was 0.91 to 0.94 (P<0.05 for the 4 assays with the
largest sample size/comparisons with patients with renal
dysfunction).

Among patients with different stages of renal dys-
function, AUCs for all more sensitive cTn assays were
lower in the lowest tertile of renal function (eGFR <42
mL-min~"-1.73 m=) compared with the intermediate tertile
(eGFR, 42-53 mL-min~'-1.73 m2). This difference was sta-
tistical significant for the 3 assays with the largest sample

Troponin for Diagnosing AMI in Renal Dysfunction 2045

size. In contrast, the AUCs were comparable for all assays
in patients in the highest tertile (¢GFR >53 mL-min~'-1.73
m~2) and the intermediate tertile (Table VI in the online-only
Data Supplement).

Diagnostic Performance in the Early Diagnosis of
AMI at the 99th Percentile

Overall, at the 99th percentile, all 7 more sensitive cTn
assays showed higher sensitivity (77%-98%) in patients
with renal dysfunction compared with patients with nor-
mal renal function. This increase in sensitivity, however,
was associated with a decrease in specificity (32%—89%;
P<0.001; Table VIIA and VIIB in the online-only Data
Supplement). Sensitivity and specificity at the 99th per-
centile differed markedly between the more sensitive cTn
assays. For 3 of the 4 hs-cTn assays, the specificity and
positive predictive value at the 99th percentile were <60%
and 55%, respectively.

Optimal Cutoff Levels for cTn in the Early
Diagnosis of AMI

The optimal cutoff levels to separate AMI from other con-
ditions underlying acute chest pain in the ED determined
by the receiver-operator characteristic curve analysis in
patients with renal dysfunction were close to the 99th per-
centile for the 3 s-cTn assays (1.0 times the 99th percentile
for Abbott-Architect s-cTnl, 1.2 times the 99th percentile
for Siemens Ultra s-cTnl, and 0.9 times the 99th percentile
for Beckman-Coulter Accu s-cTnl) and substantially higher
for most hs-cTn assays (2.1 times the 99th percentile for
Roche hs-cTnT, 1.1 times the 99th percentile for Abbott-
Architect hs-cTnl, 3.6 times the 99th percentile for Siemens
hs-cTnl, and 2.8 times the 99th percentile for Beckman-
Coulter hs-cTnl).

Overall, all cutoff levels fulfilling a predefined criteria
(derived by receiver-operator characteristic curve, optimized
for sensitivity, optimized for specificity) were higher in
patients with renal dysfunction compared with patients with
normal renal function. The optimal receiver-operator char-
acteristic curve—derived cutoff levels in patients with renal
dysfunction were 1.9 to 3.4 times the levels in patients with
normal renal function.

Prognostic Performance of More Sensitive ¢Tn in
Renal Dysfunction

Median follow-up was 759 days (first quartile, 455 days;
third quartile, 895 days). Overall, 182 patients (6%) died
during follow-up. Cumulative survival at 2 years was 79%
in patients with renal dysfunction versus 96% in patients
with normal renal function (log-rank P<0.001; Figure III
in the online-only Data Supplement). Survival was 67%
among patients with renal dysfunction and AMI versus 85%
in patients with renal dysfunction and diagnoses other than
AMI (log-rank P<0.001). Levels of ¢Tn as measured with all
7 more sensitive cTn assays were higher in deceased patients
compared with survivors and accordingly predicted long-
term survival (Table VIII and Figure IV in the online-only
Data Supplement).
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Table 2. Diagnostic Performance of ¢Tn at Presentation in Patients With Renal
Dysfunction and in Patients With Normal Renal Function

Normal Renal Function

Renal Dysfunction

ROC AUC ROC AUC
Assay n (95% Cl) n (95% CI) PValue*
s-cTn assays
Abbott-Architect s-cTnl 1095 0.91 (0.89-0.94) 219 0.89 (0.85-0.94) 0.449
Siemens Ultra s-cTnl 2247 0.92 (0.91-0.94) 416 0.87 (0.84-0.91) 0.013
Beckman-Coulter Accu s-cTnl 964 0.92 (0.89-0.94) 190 0.89 (0.84-0.94) 0.576
hs-cTn assays
Roche hs-cTnT 2366 0.94 (0.93-0.95) 447 0.87 (0.84-0.91) <0.001
Abbott-Architect hs-cTnl 1921 0.94 (0.93-0.95) 366 0.87 (0.83-0.91) <0.001
Siemens hs-cTnl 1591 0.94 (0.92-0.95) 283 0.89 (0.84-0.93) 0.034
Beckman-Coulter hs-cTnl 964 0.93 (0.90-0.95) 190 0.89 (0.84-0.94) 0.217

Cl indicates confidence interval; cTn, cardiac troponin; hs, high-sensitivity; ROC AUC, area under the receiver-

operating characteristic curve; and s, sensitive.

*Comparisons of the ROC AUC of patients with renal dysfunction and normal renal function.

Discussion

In this multicenter study, we examined the diagnostic per-
formance and identified the optimal cutoff levels of 7 more
sensitive c¢Tn assays for the early diagnosis of AMI in
patients with renal dysfunction. We report 7 novel findings
that have important clinical implications for the early diag-
nosis of AMI in that they clearly highlight that more sensi-
tive ¢Tn assays maintain high diagnostic utility in patients
with renal dysfunction as long as optimized cutoff levels
are used.

First, ¢cTn levels at presentation, as assessed by all 7
more sensitive cTn assays, were significantly higher in
patients whose final diagnosis was AMI compared with
those with other final diagnoses. The prevalence of ele-
vated cTn levels above the 99th percentile in patients with
renal dysfunction and a final diagnosis other than AMI dif-
fered substantially among the 7 more sensitive cTn assays,
ranging from 12% to 71%. Second, despite this, AMI
remained the most common final diagnosis among patients
with elevated cTn levels for all assays (range, 45%—80%).
Third and perhaps most important, for all 7 more sensi-
tive cTn assays, the diagnostic accuracy at presentation
was high in patients with renal dysfunction with an AUC
ranging from 0.87 to 0.89 and further increased for later
sampling points and for combinations of the baseline level
with early absolute changes. The diagnostic accuracy of
the more sensitive cTn assays at presentation was only
slightly lower compared with that in patients with normal
renal function. Fourth, diagnostic accuracies were compa-
rable among the 7 more sensitive ¢Tn assays in patients
with renal dysfunction with no systematic superiority of
hs-cTn assays over sensitive assays. Fifth, at the 99th per-
centile, all cTn assays showed higher sensitivity but lower
specificity in patients with renal dysfunction compared
with patients with normal renal function, reflecting the
higher baseline levels observed in patients with renal dys-
function even in the absence of AMI. Sixth, the receiver-
operator characteristic curve—derived optimal cutoff levels

in patients with renal dysfunction were 2- to 3-times higher
in patients with renal dysfunction compared with patients
with normal renal function. Seventh, ¢Tn as measured with
all 7 more sensitive cTn assays also retained prognostic
value and predicted 2-year survival in patients with renal
dysfunction. These findings extend the observations made
in previous studies investigating the prognostic value of
¢Tn in various other settings.>*-3

Although the 99th percentile of healthy individuals is the
undisputed reference value to diagnose AMI according to
the universal definition of AMIL* optimal clinical decision
levels or cutoff levels at presentation to the ED may well
differ from the 99th percentile of healthy individuals. For
example, if we aim to rule out AMI at presentation to the
ED, the cutoff level achieving high sensitivity and negative
predictive value will likely be lower than the 99th percentile
to allow for a further increase in ¢Tn during serial sampling.
Alternatively, if we aim to rule in AMI at presentation to
the ED, the cutoff level achieving high specificity and posi-
tive predictive value will likely be higher than the 99th per-
centile because mild elevations in cTn can often be caused
by conditions other than AMI. The fine-tuning of clinical
decision levels for specific clinical settings (eg, ED) and
patient populations (eg, renal dysfunction) is a key step in
the clinical implementation of novel diagnostic tools such
as biomarkers and has recently been done successfully for
other biomarkers such as B-type natriuretic peptide and
procalcitonin.3*-3¢

Our findings highlight that these clinical decision lev-
els are assay specific and need to be determined for each
assay individually. For example, the clinical decision level
for ¢cTn assay A achieving a specificity of 90% in patients
with renal dysfunction cannot be reliably extrapolated from
observations made with c¢Tn assay B. To some extent, this
requirement is explained by biochemical differences among
the cTn assays and the challenges to define a healthy refer-
ence population to determine the 99th percentile.*!* The 99th
percentile is currently derived for each assay individually in
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unstandardized, healthy cohorts that differ from community-
based cohorts.’” In addition, as shown, for example, by Gore
et al,’” the 99th percentile of community-based cohorts also
differs largely and will depend on the cohort’s mean age and
the prevalence of cardiovascular comorbidities and renal
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Figure 3. Diagnostic performance of cardiac
troponin (cTn) at presentation in renal dysfunction.
Receiver-operating characteristic (ROC) curves

are describing the diagnostic performance of the

3 sensitive (s; green) and 4 high-sensitivity (hs;

red) cTn assays at presentation for the diagnosis

of acute myocardial infarction in patients with

renal dysfunction. The figure containing multiple
curves (upper left corner) is based on the subset of
patients in whom data for all 7 assays are available.
The figures for the individual assays are based on
all patients with available data for the respective
assays to maximize precision for the determination
of the respective predefined cutoff levels, which are
marked as follows: 1=99th percentile, 2=optimal
cutoff derived from the ROC curve, 3=sensitivity
>90%, 4=sensitivity 295%, 5=specificity >80%,
and 6=specificity 290%.

dysfunction. Some of the differences observed for the perfor-
mance of the more sensitive cTn assays at the respective 99th
percentile of healthy individuals may be associated at least
in part with differences between the cohorts of healthy indi-
viduals chosen for the determination of the 99th percentile.
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Of note, the 99th percentile of the Roche hs-cTnT, the assay
used for the adjudication of the final diagnosis in the pres-
ent analysis, has rather consistently been reported to be
~14 ng/L, whereas the findings for other hs-cTn assays have
been more variable.*

Our data also confirm previous observations that the diag-
nostic challenge in patients with renal dysfunction appears
to be largely confined to patients presenting without persis-
tent ST-segment elevation and that ST-segment depression or
T-wave inversion is much more common in patients with renal
dysfunction, even in the absence of AMIL.>*

This study is the first analysis that specifically exam-
ined diagnostic performance of more sensitive cTn assays
in patients presenting to the ED with renal dysfunction and
symptoms suggestive of AMI. Our findings may also help to
better put into perspective a contradictory conclusion derived
from a recent retrospective single-center study analyzing all
ED patients with renal dysfunction regardless of symptoms,
clinical gestalt, and clinical pretest probability for AMI, which
reported lower-than-expected diagnostic accuracy of hs-cTnT
for AML.?* In that cohort, only 37% of patients had a clinical
suspicion of AMI, and trauma, stroke, epileptic seizures, and
acute heart failure accounted for the majority of patients. In
those patients, the clinical role of measuring cTn is controver-
sial and not at all comparable to the measurement in patients
presenting with suspected AMI. In addition, that population of
patients provides important methodological challenges for the
adjudication of AMI based on the information obtained during
routine clinical care, which might have further contributed to
those findings. The findings from this prospective multicenter
study using a gold standard diagnosis centrally adjudicated
by 2 independent cardiologists should help to avoid possible
misunderstandings related to the diagnostic utility of more
sensitive cTn assays in patients with suspected AMI and renal
dysfunctions.

The following limitations of the present study merit con-
sideration. First, we evaluated 7 more sensitive-cTn assays.
We hypothesize that our findings can be generalized to other
c¢Tn assays with similar sensitivity and precision. However,
additional studies need to confirm this hypothesis. Second,
in this ongoing prospective study, the subgroup analysis of
patients with renal dysfunction was not predefined at the
time of the writing of the first protocol but was added as
an amendment in 2009, when we were still blinded to the
results. Third, we cannot comment on the clinical utility
of more sensitive cTn assays in patients undergoing dialy-
sis because such patients were excluded from our study.®
Fourth, to reflect the clinical information available to the ED
physician when interpreting cTn levels, we classified renal
dysfunction according to eGFR on the basis of the serum
creatinine level obtained in the ED. Accordingly, this classi-
fication differs from the definition of chronic kidney disease,
which would require renal dysfunction to be present for 3
months.>>%

Conclusions

More sensitive ¢Tn assays maintain high diagnostic accuracy
in patients with suspected AMI and renal dysfunction. To
ensure the best possible clinical use, assay-specific optimal

cutoff levels, which are higher in patients with renal dysfunc-
tion, should be considered.
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CLINICAL PERSPECTIVE

In this multicenter study, we examined the diagnostic performance and identified the optimal cutoff levels of 7 more sensitive
cardiac troponin (cTn) assays for the early diagnosis of acute myocardial infarction (AMI) in patients with renal dysfunc-
tion. We report 7 novel findings that have important clinical implications for the early diagnosis of AMI in that they clearly
highlight that more sensitive ¢cTn assays maintain high diagnostic utility in patients with renal dysfunction as long as opti-
mized cutoff levels are used. First, cTn levels at presentations, as assessed by all the more sensitive cTn assays, were signifi-
cantly higher in patients whose final diagnosis was AMI compared with those with other final diagnoses. The prevalence of
elevated cTn levels above the 99th percentile in patients with renal dysfunction and a final diagnosis other than AMI differed
substantially among the 7 more sensitive cTn assays, ranging from 12% to 71%. Second, despite this, AMI remained the
most common final diagnosis among patients with elevated cTn levels for all assays (range, 45%—-80%). Third and perhaps
most important, for all 7 more sensitive cTn assays, the diagnostic accuracy at presentation was high in patients with renal
dysfunction and further increased for later sampling points. Diagnostic accuracy of the more sensitive ¢cTn assays at pre-
sentation was only slightly lower compared with that in patients with normal renal function. Fourth, diagnostic accuracies
were comparable among the 7 more sensitive cTn assays in patients with renal dysfunction with no systematic superiority of
high-sensitivity ¢cTn assays over sensitive assays. Fifth, at the 99th percentile, all cTn assays showed higher sensitivity but
lower specificity in patients with renal dysfunction compared with patients with normal renal function, reflecting the higher
baseline levels observed in patients with renal dysfunction even in the absence of AMI. Sixth, the receiver-operating char-
acteristics curve—derived optimal cutoff levels in patients with renal dysfunction were 2- to 3-times higher in patients with
renal dysfunction compared with patients with normal renal function. Seventh, cTn as measured with all 7 more sensitive
cTn assays also retained prognostic value and predicted 2-year survival in patients with renal dysfunction.
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Supplemental Methods

Details on exclusion criteria

For this analysis patients were excluded if the final diagnosis remained unclear after
adjudication (n=92, 3%). The adjudication process for the final diagnosis assigns patients
one out of five main diagnostic categories. AMI, unstable angina, cardiac disease other than
CAD, non-cardiac disease, and unknown cause of acute chest pain. The latter is used if the
clinical work-up performed was insufficient to allow the adjudicating cardiologists to reliable
diagnose the final cause of acute chest pain. These patients remain in the analyses
regarding the distinction of AMI yes/no (and counted as “no AMI”) as long as their hs-cTnT
levels remain in the normal range during serial sampling, as at least one hs-cTnT level
above the 99" percentile is required for a diagnosis of AMI according to the universal
definition of AMI. In contrast, patients with an adjudicated diagnosis of “unclear cause” and
at least one hs-cTnT level above the 99™ percentile during serial sampling need to be
excluded from this analysis as they can neither be reliably classified as “AMI” nor “no AMI”.

This occurred in the above mentioned 92 (3%) patients.

Use of hs-cTnT for adjudication of final diagnoses

Adjudication of the final diagnosis was based on Roche hs-cTnT in order to take advantage
of the higher sensitivity and higher overall diagnostic accuracy offered by hs-cTn assays.
For hs-cTnTthe 99" percentile of healtyh individuals (14 ng/l) was used as cut-off for

myocardial necrosis.’ 2

Absolute changes in hs-cTnT were used to determine significant changes based on the

diagnostic superiority of absolute over relative changes.* * Based on studies of the



biological variation of cTn>® as well as on data from previous chest pain cohort studies’ 2, a
significant absolute change was defined as a rise or fall of at least 10ng/l within six hours or

an absolute change of 6 ng/l within three hours.

Assumption of Linearity

The assumption of linearity of absolute changes within the first hours is based on
unpublished internal data as well as recent data from Hammarsten et al. showing a near-
linear increase in levels of cTn with increasing time from symptom onset in their NSTEMI

cohort.®

Investigational Cardiac Troponin Analysis

Blood samples for determination of cTn with the use of the three s-cTn assays (Abbott-
Architect s-cTnl, Siemens Ultra s-cTnl and Beckman-Coulter Accu s-cTnl) and the four hs-
cTn assays (Roche hs-cTnT, Abbott-Architect hs-cTnl, Siemens prototype hs-cTnl,
Beckman-Coulter prototype hs-cTnl) were collected into tubes containing potassium EDTA-
or heparin-plasma or serum at the time of the patient's presentation to the ED.'%*°
Additional samples were collected at 1, 2, 3, and 6 hours. Serial sampling was discontinued
when the diagnosis of AMI was certain and treatment required transferring the patient to the
catheter laboratory or coronary care unit. After centrifugation, samples were frozen at -80°C
until they were assayed in a blinded fashion in a dedicated core laboratory. The Abbott—
Architect s-cTnl assay was performed with the use of the Architect system (Abbott
Diagnostics), with a limit of detection (LoD) of 10 ng/l, a 99" percentile cut-off point of 28

ng/l, and a coefficient of variation (CV) of less than 10% at 32 ng/l.** The Siemens Ultra s-



cTnl assay was performed with the use of the ADVIA Centaur immunoassay system
(Siemens), with a LoD of 6 ng/l, a 99™ percentile cut-off point of 40 ng/l, and a CV of less
than 10% at 30 ng/l.” ** ** The Beckman-Coulter Accu s-cTnl assay was measured on the
Access 2 analyzer, with a LoD of 10 ng/l, a 99" percentile cut-off point of 42 ng/l, and a CV
of less than 10% at 60 ng/l.** *" ¥ The Roche hs-cTnT assays was performed with the use
of the Elecsys 2010 system (Roche Diagnostics), with a LoD of 5 ng/l, a 99™-percentile cut-
off point of 14 ng/l, and a CV of less than 10% at 13 ng/l.** ** '® The Abbott-Architect hs-
cTnl assay used was the final pre-commercial release version of the ARCHITECT High
Sensitive STAT Troponin | assay (Abbott Laboratories, Abbott Park, IL). The Abbott-
Architect hs-cTnl assay was performed with the use of the Architect system (Abbott
Diagnostics) with a LoD of 1.9ng/l and a 99" percentile cut-off point of 26.2ng/L with a
corresponding co-efficient of variation of <5%.'° The Siemens hs-cTnl assay, an
experimental prototype assay, was performed with the use of the Dimension Vista® 1500
immunoassay system (Siemens), with a LoD of 0,5 ng/l, a 99" percentile cut-off point of 9
ng/l, and a CV of less than 10% at 3 ng/l.'” The Beckman-Coulter hs-cTnl assay was
measured on the Access 2 analyzer using an investigational prototype assay. According to
the manufacturer, LoD is 2 ng/l, the 99" percentile of a healthy reference population is 9.2

ng/l with a 10% CV lower than the 99™ percentile.?°

Statistical Analysis

Continuous variables are presented as medians (with the corresponding first and third
guartiles), and categorical variables as numbers and percentages. Continuous variables
were compared with the use of the Mann-Whitney-test and Kruskal-Wallis-test, as

appropriate, and categorical variables with the use of the Pearson-chi-square test.



Receiver-operating-characteristic (ROC) curves were constructed to assess the sensitivity
and specificity of ¢cTn measurements obtained at specific times with the seven more
sensitive cTn-assays and to compare their ability to diagnose AMI. Logistic regression was
used to combine cTn-levels at presentation with early changes in cTn-levels. The
comparison of areas under the ROC curves (AUC) was performed as recommended by
DeLong et al for dependent samples® and by Hanley et al for independent samples.?* In
order to compare the diagnostic accuracy across stages of renal dysfunction, MDRD GFR
was divided into tertiles. The optimal ROC-derived cut-off levels were determined using the
Youden-Index?, defined by the minimal distance of the ROC-curve to the point (0;1) of the
graph and compared to the 99" percentile of healthy individuals, as well as cut-off levels
that achieve predefined sensitivities (90%, 95%) and specificities (80%, 90%). For this
analysis, the 99" percentile of healthy individuals was chosen as in the diagnosis of AMI
this cut-off level is universally recommend for clinical use by clinical practice guidelines and
the universal definition of AMI.** These analyses were performed assay-specific using all
patients with data for the respective assay in order to achieve the highest possible precision
for our findings. We used the relevant cross table at this cut-off point to calculate diagnostic
performance parameters and its 95% confidence interval.?* In case of independent binary
outcomes we used the XTest to compare sensitivity, specificity, positive and negative
predictive value. Correlations between renal function and levels of cTn at presentation were
determined with the use of Pearson rank correlation. For the analysis of the prognostic
value of the cTn assays we did Kaplan-Meier analysis and presented cumulative survival
rates at two years. Furthermore, we performed a separate Cox regression analysis for each
assay including the elevated levels of cTn above the ROC-derived optimal diagnostic cut-off
level, age, gender, arterial hypertension, hypercholesterolaemia, pre-existing coronary

artery disease and estimated glomerular filtration rate at presentation. All hypothesis testing



was two-tailed, and P values of less than 0.05 were considered to indicate statistical
significance without adjustments for multiple testing. All statistical analyses were performed
with the use of IBM SPSS Statistics for Windows, version 22.0 (SPSS Inc Chicago, IL), and

MedCalc software, version 14.8.1 (MedCalc, Ostend, Belgium).
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Cohort size - no. (%) 1314 (100) 2663 (100) 1154 (100) 2813 (100) 2287 (100) 1874 (100) 1154 (100) -
Male gender — no. (%) 877 (67) 1811 (68) 768 (67) 1907 (68) 1549 (68) 1259 (67) 768 (67) 0.936
Age —median (Q1, Q3) — years 63 (51, 75) 62(49,74) 63(50,75) 62(49,74) 62(49,75) 62(49,74) 63(50,75) 0.057
Cardiovascular Risk Factors —no. (%)
Diabetes mellitus 243 (19) 462 (18) 212 (18) 488 (17) 399 (18) 323 (17) 212 (18) 0.951
Current smoking 333 (25) 683 (26) 282 (24) 720 (26) 585 (26) 473 (25) 282 (24) 0.754
History of smoking 463 (35) 966 (36) 404 (35) 1013 (36) 821 (36) 671 (36) 404 (35) 0.773
Hypercholesterolemia 661 (50) 1340 (50) 580 (50) 1407 (50) 1142 (50) 933 (50) 580 (50) 1.000
Hypertension 853 (65) 1647 (62) 765 (66) 1741 (62) 1426 (62) 1166 (62) 765 (66) 0.011
History — no. (%)
Coronary artery disease 459 (35) 918 (35) 413 (36) 965 (34) 790 (35) 639 (34) 413 (36) 0.936
Previous myocardial infarction 307 (23) 621 (23) 280 (24) 653 (23) 522 (23) 439 (23) 280 (24) 0.963
Previous revascularization 342 (26) 733 (28) 312 (27) 768 (27) 681 (27) 512 (27) 312 (27) 0.981
Peripheral artery disease 90 (7) 158 (6) 78 (7) 171 (6) 145 (6) 107 (6) 78 (7) 0.758
Previous stroke 68 (5) 146 (6) 66 (6) 154 (6) 126 (6) 107 (6) 66 (6) 0.996
ECG Findings — no. (%)
ST segment elevation 75 (6) 129 (5) 61 (6) 134 (5) 101 (4) 86 (5) 61 (5) 0.643
ST segment depression 164 (13) 302 (11) 139 (12) 322 (11) 266 (12) 197 (11) 139 (12) 0.703
T-wave inversion 179 (14) 357 (13) 153 (13) 375 (13) 313 (14) 231 (12) 153 (13) 0.921
Left bundle branch block 46 (4) 73 (3) 40 (4) 81 (3) 69 (3) 57 (3) 40 (4) 0.760
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Cohort size - no. (%) 1314 (100) 2663 (100) 1154 (100) 2813 (100) 2287 (100) 1874 (100) 1154 (100) -
Diagnostic Exams and
Interventions* — no. (%)
Coronary angiographies 359 (27) 697 (26) 313 (27) 739 (26) 596 (26) 491 (26) 313 (27) 0.963
Coronary interventions 214 (16) 418 (16) 189 (16) 443 (16) 350 (15) 294 (16) 189 (16) 0.973
CABG 35 (3) 60 (2) 32 (3) 64 (2) 55 (3) 46 (3) 32 (3) 0.913
Renal Function — median (Q1, Q3)
Creatinine — ymol/l 76 (65, 91) 76 (65, 89) 75 (64, 91) 76 (65, 90) 76 (64, 90) 76 (65, 89) 75 (64, 91) 1.000
MDRD GFR — ml/min/1.73m? 84 (67,100) 85 (69,101) 85(68,101) 85(69,101) 85(69,101) 85 (69, 100) 85(68,101)  0.893
Renal Dysfunction’ - no (%)
219 (17) 416 (16) 190 (17) 447 (16) 366 (16) 283 (15) 190 (17) 0.902
Stages of Renal Dysfunction - no
(%)
eGFR 30-59ml/min/1.73m? 195 (15) 375 (14) 169 (15) 403 (14) 330 (14) 253 (14) 169 (15)
eGFR 15-29ml/min/1.73m? 19 (1) 31 (1) 17 (2) 34 (1) 28 (1) 24 (1) 17 (2) 1.000
eGFR <15ml/min/1.73m? 5 (0.4) 10 (0.4) 4 (0.3) 10 (0.4) 8 (0.3) 6 (0.3) 4 (0.3)
Final Diagnosis — no (%)
Acute Myocardial Infarction 272 (21) 546 (21) 230 (20) 573 (20) 470 (21) 355 (19) 230 (20)
STEMI 52 (4) 97 (4) 47 (4) 103 (4) 73 (3) 72 (4) 47 (4) 0.866
NSTEMI 220 (17) 449 (17) 183 (16) 470 (17) 397 (17) 283 (15) 183 (16)




* performed during or directly after the index visit (within 1 month after discharge).
"Renal dysfunction was diagnosed if the estimated MDRD glomerular filtration rate was <60ml/min/1.73m?at presentation.

* X2-test used for comparison of proportions, Kruskal-Wallis-test used for comparison of the distribution of continuous variables between the
seven cohorts

Q1 denotes the first quartile, Q3 the third quatrtile.
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All patients Normal Renal Function Renal Dysfunction
p-valuet
(n=2813) (n=2366) (n=447)
Acute myocardial infarction 573 (20%) 413 (18%) 160 (36%) <0.001
- ST segment elevation 103 (4%) 83 (4%) 20 (5%) 0.319
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- Non-ST segment elevation 470 (17%) 330 (14%) 140 (31%) <0.001

- Typel 405 (14%) 297 (13%) 108 (24%) <0.001
- Type?2 65 (2%) 33 (1%) 32 (7%) <0.001
Unstable Angina 269 (10%) 219 (9%) 50 (11%) 0.203
Cardiac cause, but not CAD* 396 (13%) 312 (13%) 84 (19%) 0.002
Noncardiac cause 1445 (51%) 1305 (55%) 140 (31%) <0.001
Unknown 130 (5%) 117 (5%) 13 (3%) 0.060

*CAD denotes coronary artery disease

TX2-test for comparison of proportions of patients with renal dysfunction and normal renal function.

Absolute change of Roche hs-cTnT Normal renal function Renal dysfunction

(ng/l) = median (Q1 - Q3) (n=413) (n=160) prvalue
Delta 0-1h 10.9 (4.0, 36) 8.0 (3.0, 27.5) 0.354
Delta 0-2h 22.5 (7, 68) 11.6 (5.0, 39.5) 0.034
Delta 0-3h 29.0 (8.9, 90) 22.5 (6.2, 97.9) 0.584
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Delta 0-6h 36.1 (13.6, 175.0) 39.5 (8.9, 166.0) 0.797
Delta Oh-Peak 55.0 (22.0, 161.8) 64.7 (37.9, 166.3) 0.012

Q1 denotes the first quartile, Q3 the third quatrtile.

Absolute change of Roche hs-cTnT - Normal renal function Renal dysfunction o-value
n (%) (n=413) (n=160)
Delta Oh-Peak <10 ng/l 36 (9%) 3 (2%) 0.006
Delta Oh-Peak < 20 ng/I 91 (22%) 17 (11%) 0.004
Delta Oh-Peak 220 and <100ng/I 126 (31%) 77 (48%) <0.001
Delta Oh-Peak > 100 ng/I 142 (34%) 57 (36%) 0.724
Delta Oh-Peak > 1000 ng/I 18 (4%) 6 (4%) 0.812

Presentation 1 hour 2 hours 3 hours
Sensitive Cardiac Troponin Assays
) AUC 0.89 (0.85-0.94) 0.91 (0.86-0.96) 0.91 (0.86-0.96) 0.94 (0.90-0.99)
Abbott-Architect s-cTnl
n 219 152 117 101
. AUC 0.87 (0.84-0.91) 0.90 (0.87-0.94) 0.91 (0.87-0.95) 0.94 (0.90-0.98)
Siemens Ultra s-cTnl
n 416 317 244 118




AUC 0.89 (0.84-0.94) 0.92 (0.87-0.97) 0.93 (0.88-0.98) 0.95 (0.91-0.99)
Beckman-Coulter Accu s-cTnl
190 147 108 100
High-Sensitivity Cardiac  Troponin
Assays
AUC 0.87 (0.84-0.91) 0.90 (0.86-0.93) 0.91 (0.87-0.94) 0.94 (0.90-0.98)
Roche hs-cTnT
n 447 341 270 150
) AUC 0.87 (0.83-0.91) 0.89 (0.85-0.93) 0.90 (0.86-0.95) 0.93 (0.87-.98)
Abbott-Architect hs-cTnl
n 366 277 206 108
i AUC 0.89 (0.84-0.94) 0.92 (0.87-0.96) 0.91 (0.86-0.97) 0.91 (0.83-0.99)
Siemens hs-cTnl
n 283 223 174 105
Beck Coulter hs-eTnl AUC 0.89 (0.84-0.94) 0.92 (0.88-0.97) 0.93 (0.89-0.98) 0.94 (0.89-0.98)
OGRS STl n 190 147 108 100

AUC denotes area under the receiver operating characteristic curve.

14



Oh

| ALh-0h |

Oh plus
| Alh-0h |

| A2h-0h |

Oh plus
| A2h-0h |

Sensitive Cardiac Troponin Assays

] AUC 0.89 (0.85-0.94) 0.88 (0.81-0.94) 0.90 (0.85-0.95) 0.88 (0.80-0.95) 0.89 (0.82-0.95)
Abbott-Architect s-cTnl
n 219 152 152 117 117
. AUC 0.87 (0.84-0.91) 0.87 (0.82-0.91) 0.90 (0.86-0.93) 0.88 (0.83-0.93) 0.90 (0.85-0.94)
Siemens Ultra s-cTnl
n 416 317 317 244 244
AUC 0.89 (0.84-0.94) 0.90 (0.83-0.96) 0.91 (0.85-0.96) 0.92 (0.85-0.99) 0.89 (0.81-0.98)
Beckman-Coulter Accu s-cTnl
n 190 147 147 108 108
High-Sensitivity Cardiac Troponin
Assays
AUC 0.87 (0.84-0.91) 0.90 (0.86-0.94) 0.93 (0.90-0.96) 0.88 (0.83-0.93) 0.89 (0.85-0.93)
Roche hs-cTnT
n 447 341 341 270 270
) AUC 0.87 (0.83-0.91) 0.90 (0.86-0.94) 0.90 (0.86-0.94) 0.92 (0.88-0.96) 0.91 (0.87-0.95)
Abbott-Architect hs-cTnl
n 366 277 277 206 206
. AUC 0.89 (0.84-0.94) 0.90 (0.84-0.95) 0.92 (0.88-0.97) 0.91 (0.86-0.97) 0.92 (0.86-0.97)
Siemens hs-cTnl
n 283 223 223 174 174
AUC 0.89 (0.84-0.94) 0.89 (0.82-0.96) 0.91 (0.85-0.96) 0.94 (0.89-0.99) 0.90 (0.84-0.97)
Beckman-Coulter hs-cTnl
n 190 147 147 108 108

AUC denotes Area under the receiver operating characteristic curve.
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p-value (for comparisons

Lowest tertile

0.84 (0.72-0.95)

n Tertiles of GFR* AUCT (95% ClI) with lowest tertile)
Sensitive Cardiac Troponin Assays
Highest tertile 0.91 (0.84-0.98) 0.204
Abbott-Architect s-cTnl 219 Intermediate tertile 0.94 (0.89-1.00) 0.057
Lowest tertile 0.83 (0.73-0.93) -
Highest tertile 0.87 (0.80-0.94) 0.412
Siemens Ultra s-cTnl 416 Intermediate tertile 0.93 (0.86-0.96) 0.022
Lowest tertile 0.83 (0.77-0.90) -
Highest tertile 0.90 (0.80-1.00) 0.424
Beckman-Coulter Accu s-cTnl 190 Intermediate tertile 0.94 (0.89-1.00) 0.105
Lowest tertile 0.84 (0.73-0.95) -
High-Sensitivity Cardiac Troponin Assays
Highest tertile 0.89 (0.83-0.95) 0.062
Roche hs-cTnT 447 Intermediate tertile 0.90 (0.85-0.95) 0.024
Lowest tertile 0.80 (0.73-0.87) -
Highest tertile 0.88 (0.81-0.95) 0.193
Abbott-Architect hs-cTnl 366 |ntermediate tertile 0.91 (0.86-0.96) 0.038
Lowest tertile 0.81 (0.74-0.89) -
Highest tertile 0.91 (0.85-0.98) 0.267
Siemens hs-cTnl 283 Intermediate tertile 0.92 (0.84-0.99) 0.222
Lowest tertile 0.85 (0.76-0.93) -
Highest tertile 0.90 (0.81-0.99) 0.417
Beckman-Coulter hs-cTnl T Intermediate tertile 0.95 (0.90-1.00) 0.077

*  eGFR denotes estimated glomerular filtration rate. Highest tertile >53 ml/min/1.73m?, intermediate tertile 53 to >42 ml/min/1.73m?, lowest

tertile <42ml/min/1.73m?.

T AUC denotes Area under the receiver operating characteristic curve.

16



Assay Cut-off Sensitivity | Specificity | NPV PPV mzlggfs of I\R/Igllt/lgl?]so RD
level (ng/l) | (95% CI) (95% ClI) (95% ClI) (95% ClI) Percentile

Sensitive Cardiac Troponin Assays

Abbott-Architect s-cTnl (n=219)
99" percentile 28 ng/l 79 (69-88) 89 (82-93) |89(82-93) | 79 (69-88) - -
Specificity optimized cut-off (=90%) 39 ng/l 67 (55-77) 90 (84-94) | 83 (76-89) 79 (67-88) 1.4 3.3
Specificity optimized cut-off (=80%) 17 ng/l 81 (70-89) 80 (73-86) | 88 (81-93) 69 (59-78) 0.6 4.3
ROC-optimized cut-off 27 ng/l 79 (69-88) 87 (81-92) | 88(82-93) | 78 (67-86) 1.0 3.4
Sensitivity optimized cut-off (290%) 12 ng/l 91 (82-96) 70 (61-77) |93 (87-97) |62 (53-71) 0.4 6.0
Sensitivity optimized cut-off (295%) 6 ng/l 96 (89-99) 52 (44-61) |96 (89-99) |53 (44-61) 0.2 n.a.
Limit of Detection 10 ng/l 91 (82-96) 65 (56-72) | 93 (86-97) | 59 (49-68) 0.4 -

Siemens Ultra s-cTnl (n=416)
99" percentile 40 ng/l 79 (72-85) 81 (75-85) |87 (83-91) |69 (63-76) - -
Specificity optimized cut-off (=90%) 62 ng/l 70 (62-77) 90 (85-93) | 84 (79-88) 79 (71-85) 1.6 2.5
Specificity optimized cut-off (280%) 38 ng/l 80 (73-86) 80 (75-85) |88 (83-92) |69 (62-76) 1.0 2.9
ROC-optimized cut-off 46 ng/l 77 (70-84) 84 (79-88) | 87 (82-91) | 73 (66-80) 1.2 2.4
Sensitivity optimized cut-off (290%) 17 ng/l 91 (86-95) 55 (49-61) | 92 (87-96) 53 (47-60) 0.4 1.3
Sensitivity optimized cut-off (295%) 10 ng/l 96 (91-99) 42 (36-48) | 95(89-98) |48 (42-54) 0.3 14
Limit of Detection 6 ng/l 99 (95-100) | 27 (21-32) | 97 (90-100) | 43 (38-48) 0.2 -

Beckman-Coulter Accu s-cTnl (n=190)
99" percentile 42 ng/l 79 (67-89) 88 (81-93) |90 (83-94) | 77 (65-86) - -
Specificity optimized cut-off (=290%) 53 ng/l 73 (60-83) 91 (84-95) | 87 (80-92) 79 (67-89) 1.3 2.4
Specificity optimized cut-off (=80%) 28 ng/l 84 (73-92) 80 (71-86) | 91 (84-96) 67 (56-77) 0.7 2.5
ROC-optimized cut-off 36 ng/l 81 (69-90) 88 (81-93) |90 (84-95) | 77 (65-87) 0.9 2.1
Sensitivity optimized cut-off (=90%) 18 ng/l 90 (80-96) 66 (57-74) |93 (86-98) | 57 (47-67) 0.4 1.8
Sensitivity optimized cut-off (295%) 15 ng/l 95 (87-99) 57 (48-65) | 96 (89-99) |52 (43-62) 0.4 3.0
Limit of Detection 10 ng/l 95 (87-99) 44 (35-53) | 95 (86-99) | 46 (37-55) 0.2 -
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Assay Cut-off level | Sensitivity Specificity | NPV PPV m:utlﬁlglgeéh I\R/Ilglf/lsl?]so
(ng/l) (95% CI) (95% CI) (95% CI) (95% CI) Percentile | RD

High-Sensitivity Cardiac Troponin

Assays

Roche hs-cTnT (n=447)
99" percentile 14.0 ng/I 98 (94-99) | 32 (27-38) 96 (90-99) | 45 (39-50) - -
Specificity optimized cut-off (=290%) 51.1 ng/l 61 (53-68) | 90 (86-93) 80 (76-85) | 77 (69-84) 3.7 3.0
Specificity optimized cut-off (=80%) 31.8 ng/l 81 (74-87) | 80 (74-84) 88 (84-92) | 69 (62-75) 2.3 2.7
ROC-optimized cut-off 29.5 ng/l 84 (77-89) | 79 (74-83) 90 (85-93) | 69 (62-75) 2.1 1.9
Sensitivity optimized cut-off (290%) 20.9 ng/l 91 (85-95) | 59 (53-64) 92 (87-95) | 55 (49-61) 15 1.7
Sensitivity optimized cut-off (=95%) 16.0 ng/l 97 (93-99) | 41 (35-47) 96 (91-99) | 48 (42-53) 1.1 1.8
Limit of Detection 5.0 ng/l 100 (98-100) 3(1-5) | 100 (63-100) | 36 (32-41) 0.4 -

Abbott-Architect hs-cTnl (n=366)
99" percentile 26.2 ngl/l 77 (69-84) | 83 (78-88) 86 (80-90) | 74 (66-81) - -
Specificity optimized cut-off (290%) 42.6 ng/l 68 (60-76) | 90 (85-93) 82 (77-87) | 81 (72-87) 1.6 3.0
Specificity optimized cut-off (280%) 23.3 ngl/l 78 (71-85) | 80 (74-85) 86 (80-90) | 70 (62-77) 0.9 3.2
ROC-optimized cut-off 29.4 ng/l 76 (68-82) | 85 (80-89) 85 (80-89) | 76 (68-82) 1.1 2.6
Sensitivity optimized cut-off (290%) 8.8 ng/l 91 (85-95) | 48 (42-55) 89 (83-94) | 52 (45-58) 0.3 1.0
Sensitivity optimized cut-off (295%) 6.9 ng/l 96 (92-99) | 39 (33-46) 95 (88-98) | 49 (43-55) 0.3 1.1
Limit of Detection 1.9 ng/l 100 (97-100) 3 (1-6) | 100 (54-100) | 39 (34-44) 0.1 -

Siemens hs-cTnl (n=283)
99" percentile 9.0 ng/l 94 (86-98) | 56 (49-63) 95 (89-98) | 51 (43-59) - -
Specificity optimized cut-off (=290%) 60.2 ng/l 74 (64-83) | 90 (85-94) 88 (82-92) | 78 (68-87) 6.7 2.3
Specificity optimized cut-off (=80%) 27.6 ng/l 82 (72-89) | 80 (74-85) 90 (84-94) | 67 (57-75) 3.1 2.7
ROC-optimized cut-off 32.0 ng/l 82 (72-89) | 83 (77-88) 90 (85-94) | 70 (61-79) 3.6 2.5
Sensitivity optimized cut-off (=90%) 16.1 ng/l 90 (82-95) | 71 (63-77) 94 (88-97) | 60 (51-68) 1.8 1.2
Sensitivity optimized cut-off (=295%) 5.9 ng/l 96 (89-99) | 42 (35-49) 95 (88-99) | 45 (37-52) 0.7 0.9
Limit of Detection 0.5 ng/l 99 (94-100) 4(2-8) | 89 (52-100) | 34 (28-40) 0.1 -

Beckman-Coulter hs-cTnl (n=190)
99" percentile 9.2 ng/l 95 (87-99) | 48 (39-57) 95 (87-99) | 48 (39-57) - -
Specificity optimized cut-off (=90%) 47.1 ngl/l 71 (59-82) | 90 (83-94) 86 (79-92) | 78 (65-87) 5.1 2.7
Specificity optimized cut-off (=80%) 22.4 ng/l 84 (73-92) | 80 (71-86) 91 (84-96) | 67 (56-77) 2.4 2.4
ROC-optimized cut-off 25.9 ng/l 81 (69-90) | 83 (76-89) 90 (83-95) | 71 (59-81) 2.8 2.3
Sensitivity optimized cut-off (=90%) 14.6 ng/l 90 (80-96) | 68 (59-75) 93 (86-98) | 58 (48-68) 1.6 1.6
Sensitivity optimized cut-off (=95%) 10.9 ng/I 95 (87-99) | 57 (48-66) 96 (89-99) | 53 (43-62) 1.2 1.8
Limit of Detection 2.1 ng/l 100 (94-100) 3 (1-8) | 100 (40-100) | 34 (27-41) 0.2 -
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Assay Cut-off level | Sensitivity Specificity | NPV PPV mzlggfs of
(ng/l) (95% ClI) (95% ClI) (95% ClI) (95% ClI) Percentile

Sensitive Cardiac Troponin Assays

Abbott-Architect s-cTnl (n=1095)
99" percentile 28 ng/l 70 (63-76) 94 (92-95) | 93(92-95) | 71 (64-77) -
Specificity optimized cut-off (=90%) 12 ng/l 79 (72-84) 90 (88-92) | 95 (94-97) | 62 (56-68) 0.4
Specificity optimized cut-off (=80%) 4 ngll 85 (79-90) 80 (76-82) | 96 (94-97) | 47 (42-52) 0.1
ROC-optimized cut-off 8 ng/l 84 (78-89) 85 (83-87) | 96 (95-97) | 55 (49-60) 0.3
Sensitivity optimized cut-off (290%) 2 ng/l 92 (86-95) 68 (65-71) | 97 (96-99) | 38 (34-43) 0.1
Sensitivity optimized cut-off (=95%) <1 ng/l 100 (98-100) n.a. n.a.| 18 (16-20) n.a.
Limit of Detection 10 ngl/l 81 (75-87) 88 (85-90) | 96 (94-97) | 59 (52-64) 0.4

Siemens Ultra s-cTnl (n=2247)
99" percentile 40 ng/l 75 (70-79) 94 (92-95) | 94 (93-95) | 71 (67-76) -
Specificity optimized cut-off (290%) 25 ng/l 81 (77-85) 90 (89-91) | 96 (95-97) | 64 (59-68) 0.6
Specificity optimized cut-off (=80%) 13 ng/l 90 (87-93) 80 (78-82) | 97 (96-98) | 49 (45-53) 0.3
ROC-optimized cut-off 19 ng/l 88 (84-91) 86 (84-87) | 97 (96-98) | 56 (52-60) 0.5
Sensitivity optimized cut-off (290%) 13 ng/l 90 (87-93) 79 (77-80) | 97 (96-98) | 47 (44-51) 0.3
Sensitivity optimized cut-off (295%) 7 ng/l 95 (93-97) 61 (59-63) | 98 (98-99) | 35 (32-37) 0.2
Limit of Detection 6 ng/l 96 (94-98) 57 (55-59) | 99 (98-99) | 33 (30-35) 0.2

Beckman-Coulter Accu s-cTnl (n=964)
99" percentile 42 ng/l 69 (61-76) 94 (92-95) | 94 (92-95) | 70 (62-77) -
Specificity optimized cut-off (290%) 22 ng/l 79 (72-85) 90 (88-92) | 95 (94-97) | 62 (55-69) 0.5
Specificity optimized cut-off (=80%) 11 ng/l 89 (84-93) 79 (76-82) | 97 (96-98) | 47 (42-53) 0.3
ROC-optimized cut-off 17 ng/l 83 (77-89) 88 (85-90) | 96 (94-97) | 58 (52-65) 0.4
Sensitivity optimized cut-off (=290%) 10 ng/l 90 (84-94) 77 (74-80) | 97 (96-98) | 45 (40-51) 0.2
Sensitivity optimized cut-off (=95%) 5 ng/l 95 (91-98) 55 (51-58) | 98 (96-99) | 31 (27-35) 0.1
Limit of Detection 10 ng/l 90 (84-94) 77 (74-80) | 97 (96-98) | 45 (40-51) 0.2
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Assay Cut-off level | Sensitivity | Specificity | NPV PPV pultpies of
(ng/l) (95% ClI) (95% ClI) (95% ClI) (95% ClI) Percentile

High-Sensitivity Cardiac Troponin Assays

Roche hs-cTnT (n=2366)
99" percentile 14.0 ng/I 88 (84-91) 86 (84-87) 97 (96-98) | 56 (52-60) -
Specificity optimized cut-off (=90%) 16.9 ng/I 84 (80-87) 90 (88-91) 96 (95-97) | 63 (59-67) 1.2
Specificity optimized cut-off (=80%) 11.9 ng/I 91 (88-94) 80 (78-81) 98 (97-98) | 49 (45-52) 0.9
ROC-optimized cut-off 15.9 ng/l 85 (81-89) 88 (87-90) 97 (96-97) | 61 (57-65) 1.1
Sensitivity optimized cut-off (290%) 12.3 ng/l 90 (87-93) 82 (80-83) 98 (97-98) | 51 (47-55) 0.9
Sensitivity optimized cut-off (295%) 8.9 ng/l 95 (93-97) 67 (65-69) 99 (98-99) | 38 (35-41) 0.6
Limit of Detection 5.0 ng/l 100 (98-100) 34 (32-36) | 100 (99-100) | 24 (22-26) 0.4

Abbott-Architect hs-cTnl (n=1921)
99" percentile 26.2 ng/l 71 (66-76) 94 (93-95) 94 (93-95) | 71 (66-76) -
Specificity optimized cut-off (290%) 14.3 ng/I 82 (77-86) 90 (88-91) 96 (95-97) | 63 (58-68) 0.5
Specificity optimized cut-off (280%) 7.3 ng/l 93 (89-95) 80 (78-82) 98 (97-99) | 49 (45-53) 0.3
ROC-optimized cut-off 11.4 ng/l 87 (83-90) 87 (85-89) 97 (96-98) | 58 (53-62) 0.4
Sensitivity optimized cut-off (290%) 8.8 ngl/l 90 (87-93) 83 (81-85) 98 (97-98) | 53 (49-57) 0.3
Sensitivity optimized cut-off (295%) 6.2 ng/l 95 (92-97) 76 (74-78) 99 (98-99) | 45 (41-49) 0.2
Limit of Detection 1.9 ng/l 100 (99-100) 18 (16-20) | 100 (99-100) | 20 (18-22) 0.1

Siemens hs-cTnl (n=1591)
99" percentile 9.0 ngl/l 93 (89-96) 78 (75-90) 98 (97-99) | 45 (41-49) -
Specificity optimized cut-off (=290%) 25.9 ng/l 77 (71-82) 90 (88-92) 95 (94-96) | 60 (55-65) 2.9
Specificity optimized cut-off (280%) 10.1 ng/I 92 (88-95) 80 (78-82) 98 (97-99) | 47 (43-52) 1.1
ROC-optimized cut-off 12.9 ng/l 90 (86-94) 84 (82-86) 98 (97-99) | 52 (48-57) 1.4
Sensitivity optimized cut-off (290%) 13.0 ng/I 90 (86-94) 84 (82-86) 98 (97-99) | 52 (48-57) 1.4
Sensitivity optimized cut-off (295%) 6.4 ng/l 95 (92-97) 71 (69-74) 99 (98-99) | 40 (36-44) 0.7
Limit of Detection 0.5 ng/l 100 (98-100) 16 (15-19) | 100 (97-100) | 19 (17-21) 0.1

Beckman-Coulter hs-cTnl (n=964)
99" percentile 9.2 ng/l 90 (85-94) 80 (77-82) 98 (6-99) | 48 (43-54) -
Specificity optimized cut-off (290%) 17.7 ng/l 80 (73-85) 90 (88-92) 95 (94-97) | 62 (56-69) 1.9
Specificity optimized cut-off (280%) 9.3 ng/l 90 (84-94) 80 (77-83) 97 (96-98) | 48 (43-54) 1.0
ROC-optimized cut-off 11.1 ng/l 88 (82-93) 84 (81-86) 97 (96-98) | 53 (47-59) 1.2
Sensitivity optimized cut-off (=90%) 9.2 ng/l 90 (85-94) 80 (77-82) 98 (96-99) | 48 (43-54) 1.0
Sensitivity optimized cut-off (=95%) 5.9 ng/l 95 (91-98) 67 (63-70) 99 (97-99) | 37 (33-42) 0.6
Limit of Detection 2.1 ng/l 99 (97-100) 17 (14-20) 99 (96-100) | 20 (17-23) 0.2

20




Univariable Regression Model

Multivariable Regression Model*

Hazard ratio

Hazard ratio

Cut-off level (95% CI) p-value (95% CI) p-value
Sensitive Cardiac Troponin Assays
Abbott-Architect s-cTnl = 27 ng/l 2.5(1.4-4.4) 0.002 2.2 (1.3-3.9) 0.006
Siemens Ultra s-cTnl =46 ng/l 2.5(1.6-3.9) <0.001 2.3 (1.5-3.5) <0.001
Beckman-Coulter Accu s-cTnl = 36 ng/l 2.7 (1.5-5.0) 0.001 2.6 (1.4-4.9) 0.002
High-Sensitivity Cardiac Troponin Assays
Roche hs-cTnT > 29.5 ng/l 3.0 (2.0-4.6) <0.001 2.2 (1.4-3.5) <0.001
Abbott-Architect hs-cTnl > 29.4 ng/l 2.3 (1.5-3.6) <0.001 2.1(1.4-3.3) 0.001
Siemens hs-cTnl > 32.0 ng/l 1.6 (1.0-2.8) 0.067 1.6 (0.9-2.8) 0.082
Beckman-Coulter hs-cTnl > 25.9 ng/l 2.3(1.3-4.3) 0.006 2.3(1.2-4.2) 0.009

* adjusted for age, gender, pre-existing coronary artery disease, arterial hypertension, hypercholesterolaemia and estimated

glomerular filtration rate using MDRD-formula based on creatinine-measurement at presentation.
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Supplemental Figures
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Figure 1 cardiac troponin at presentation.

* CAD denotes coronary artery disease
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Figure 2
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Kaplan-Meier curves displaying the two-year survival rates for patients with normal renal function

(survival probability 96%) and for patients with renal dysfunction (survival probability 79%).
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