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Background—High-sensitivity troponin T (hs-TnT) assays promise greater discrimination of evolving myocardial infarction,
but the impact of unguided implementation on the effectiveness of care is uncertain.
Methods and Results—We evaluated the impact of hs-TnT reporting on care and outcome among chest pain patients
presenting to 5 emergency departments within a multicenter randomized trial. Patients were allocated to hs-TnT reporting
(hs-report) or standard reporting (std-report; Roche Elecys). The primary end point was death and new or recurrent acute
coronary syndrome by 12 months. A total of 1937 patients without ST-segment elevation were enrolled between July
2011 and March 2013. The median age was 61 (interquartile range, 48–74) years, and 46.3% were women. During the
index hospitalization, 1466 patients (75.7%) had maximal troponin <30 ng/L within 24 hours. Randomization to hs-report
format did not alter the admission rate (hs-report: 57.7% versus std-report: 58.0%; P=0.069). There was no difference in
angiography (hs-report: 11.9% versus std-report: 10.9%; P=0.479). The hs-reporting did not reduce 12-month death or
new/recurrent acute coronary syndrome in the overall population (hs-report: 9.7% versus std-report: 7.2% [hazard ratio,
0.83 (0.57–1.22); P=0.362]). However, among those with troponin levels <30 ng/L, a modest reduction in the primary end
point was observed (hs-report: 2.6% versus std-report: 4.4%, [hazard ratio, 0.58; 95% confidence interval, 0.34–0.1.00;
P=0.050).
Conclusions—High-sensitivity troponin reporting alone is associated with only modest changes in practice. Clinical
effectiveness in the adoption of high-sensitivity troponin may require close coupling with protocols that guide
interpretation and care.
Clinical Trial Registration—URL: http://www.ANZCTR.org.au. Unique identifier: ACTRN12611000879965.  
(Circ Cardiovasc Qual Outcomes. 2016;9:542-553. DOI: 10.1161/CIRCOUTCOMES.115.002488.)
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A

lthough the clinical guideline–recommended management of patients presenting with high-risk features suggestive of acute coronary syndromes (ACS) is relatively well
defined, the management of patients with low- and intermediate-risk chest pain is more heterogeneous.1–3 Nevertheless,
these patients represent, by far, the greatest proportion presenting to emergency services for evaluation of suspected ACS.4
The efficient identification of the few patients who are in the
early stages of an ACS, among the many patients presenting
with noncardiac chest pain, remains a key clinical challenge.
Troponin testing has revolutionized the care of suspected
ACS patients, by improving the diagnostic sensitivity and
identifying those patients who derive a greater absolute benefit from potent antiplatelet agents, early angiography, and

revascularization.5–7 Consequently, troponin results have substantial clinical and resource implications for the patient and
the healthcare system.
More recently, troponin assays with increased diagnostic precision have been developed. These assays are able to
determine serum troponin levels at the 99th percentile of a
reference population with <10% coefficient of variation.8–10
Several investigators have demonstrated increased sensitivity and high negative predictive value but reduced specificity and lower positive predictive value with these assays.11,12
Clinical interpretation of low levels of troponin elevation
requires careful consideration of ACS likelihood.13 Potentially,
improvement in discriminatory capacity with high-sensitivity
troponin may lead to fewer missed myocardial infarction (MI)
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WHAT IS KNOWN
• Studies have suggested that high-sensitivity troponin
assays have superior performance for the diagnosis
and exclusion of myocardial infarction when compared with previous generation troponin assays.

WHAT THE STUDY ADDS
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• Whether this improved assay performance alone
translates to superior care and outcome among
patients presenting to the emergency department
with suspected ACS remains uncertain.
• This study is a prospective randomized evaluation of
the impact of high-sensitivity troponin T reporting
on care and outcome among patients presenting to
the emergency department.
• Within a patient-level, randomized trial of high-sensitivity troponin versus standard troponin reporting,
only modest changes in overall practice and clinical
outcomes by 12 months were observed.
• Translating high-sensitivity troponin testing into
superior patient outcomes, and more efficient care
may require integration of these assays into prospectively validated protocols that guide clinical decision
making.
and enable rapid discharge of patients without evolving ACS,
but the concern that these benefits may be offset by the possible risks associated with the overinvestigation of patients
with elevated troponin results not related to ACS remains.
To explore whether there is greater risk discrimination with
impact on cardiac investigations, management, and outcome,
we conducted a randomized study examining the effects of
unguided troponin reporting down to levels achievable with a
high-sensitivity troponin T assay on in-hospital clinical care
and death or recurrent ACS admission by 12 months among a
broad population of patients presenting with undifferentiated
chest pain.

Methods
Study Design and Patient Population
This study was a prospective multicenter trial comparing serum troponin levels reported at either levels consistent with a standard troponin
T assay or at levels achievable with a high-sensitivity assay, randomized in a 1:1 ratio at the patient level.14 Patients were screened and
enrolled in the emergency departments (ED) at 5 metropolitan hospitals in Adelaide and followed up for a duration of 12 months after
randomization. Each of these hospitals provided emergency services
24 hours per day, and all but one had dedicated chest pain assessment
units. The study was approved by each hospital’s human research ethics committee, and all participants provided written informed consent. (Australian New Zealand Clinical Trials Registry [http://www.
anzctr.org.au/] registration number ACTRN12611000879965.)
Patients presenting to the ED with clinical features of chest pain or
suspected ACS (chest pain or overwhelming shortness of breath (>10
minutes at rest <24 hours from the time of presentation) in whom the
treating physician deemed a measurement of the serum troponin was
required were eligible. Patients were excluded if they were <18 years
of age; had evidence of ST-segment elevation on presenting ECG;
required permanent dialysis; had suspected ACS secondary to other

causes (severe anaemia, sepsis, etc); were unable to complete a clinical history questionnaire because of language or comorbidity; or were
unable or unwilling to provide written informed consent. Patients
were prospectively subclassified by the National Heart Foundation
ACS Guidelines risk classification using clinical characteristics such
as hemodynamic compromise, ECG changes, biomarker elevation,
presence of previous coronary disease, and diabetes mellitus (Table
I in the Data Supplement), with this information made available to
the treating physician.15 Randomization was blocked by hospital and
Heart Foundation clinical risk strata, evaluated using a standardized
questionnaire completed by trial staff. Clinical components of the
Global Registry of Acute Cardiac Events risk score and Thrombolysis
In Myocardial Infarction risk were also documented but not used in
randomization.16,17

Randomization Allocation and Intervention
Patients undergoing troponin testing were identified soon after presentation, before samples were sent for pathology testing to limit
delays of usual patient assessment. Within the hours of 9 am to 5 pm,
dedicated study nurses stationed within the ED ensured that the initial
ECG did not demonstrate ST-segment elevation and then approached
each patient. Outside these times, patients were not included. After
written informed consent, the clinical risk strata was determined,
and patients were randomized to troponin testing reported to either
standard troponin T levels (std-report; actual level 30 ng/L [ie, levels
below 29 ng/L reported as <29] and above [<29 ng/L: normal, 30–100
ng/L: borderline abnormal, and >100 ng/L: myocardial injury]) or
high-sensitivity format (hs-report: actual level >3 ng/L [normal: ≤14
ng/L and >14 ng/L: myocardial injury]) using sequentially numbered
sealed envelopes. Preprepared blood request forms within each sealed
envelope were then used to inform the state-wide pathology service
of the randomized allocation and the required reporting format. All
patients underwent troponin testing at ED presentation and 3 and 6
hours after presentation unless discharged before these time points
at clinical discretion. Troponin testing outside protocol-defined time
points was permitted at the treating clinicians discretion, but reporting of the result was restricted to the allocated format for the index
admission. Physicians receiving reports in the std-report format were
not permitted to request results in the hs-report. No recommendations
regarding repeat testing and specific care were provided in the report
and all subsequent care was determined by the treating clinicians.
Only standardized advice about interpretation of the tests (sensitivity
of the test and upper limited of the reference range) was provided by
the pathology service. Standard reporting was maintained for all patients not enrolled for the entire duration of the study and subsequent
admissions for study participants. To minimize the risk of contamination and crossover between study arms associated with the use of
separate conventional and high-sensitivity assays, all troponin tests
were performed using the Elecsys Troponin T high-sensitive (TnThs)-cobas (Roche Diagnostics), and only the reporting was changed
for the study patients.

Measures of Care and Clinical Outcomes
Measures of Care

Clinical care was measured by the frequency of functional testing,
echocardiography, invasive angiography, and revascularization by
12 months, and the use of guideline-recommended therapies. In addition, patients were assessed for ED length of stay, total length of
stay, and readmission for cardiovascular causes. Late outcomes were
captured through a state-wide universal hospital administrative system that includes all readmissions and is linked to the death registry,
enabling evaluation of late survival. The details of readmissions were
then sourced from the treating hospitals. Patients were also contacted
at 30 days, 6 months, and 12 months, to assess for vital status, rehospitalizations, and quality of life.

Clinical Outcomes

The primary outcome was the cumulative composite end point of
all-cause mortality and new or recurrent ACS (beyond the first 24

544   Circ Cardiovasc Qual Outcomes   September 2016

Downloaded from http://circoutcomes.ahajournals.org/ by guest on June 26, 2017

hours of enrollment) ≤12 months. The end point of new or recurrent
ACS was defined as MI with a rise or fall in cardiac biomarkers or a
new myocardial defect on cardiac imaging, and consistent with the
Universal Definition18 (using troponin levels >30 ng/dL); or unstable
angina defined as chest pain/discomfort with a crescendo pattern or
occurring at rest, associated with: dynamic ECG changes consistent
with ischemia; or functional testing consistent with ischemia; and/
or demonstrated coronary stenosis >70% by visual estimation. All
index presentations and outcomes were independently adjudicated by
cardiologists without involvement in the care of patient. Through this
process, MI diagnosed within the first 24 hours of presentation was
considered as an index event and was not included in the primary
outcome. Secondary outcomes included cardiovascular mortality;
individual components of the primary end point; cerebrovascular accidents with cerebral imaging; atrial or ventricular arrhythmias; congestive cardiac failure without MI; representation for chest pain; and
significant bleeding assessed using the Bleeding Academic Research
Consortium (BARC) definitions (definition 2–5).19
A Clinical Event Committee, chaired by an experienced cardiologist and managed by an independent member of the data-management group, provided blinded evaluation of all components of
the primary end point including index (within 24 hours of initial presentation) and subsequent MI. A Data and Safety Monitoring Board
assessed the study safety through the evaluation of all in-hospital
and postdischarge (≤7 days) clinical events including representations to hospital.

Statistical Analysis
Because randomization occurred before troponin testing, the primary
analysis population included all randomized patients regardless of
the initial troponin level, and all analyses were conducted as intention to treat. Subsequent analyses were also confined to patients with
maximal peak troponin levels within 24 hours of <30 ng/L where
differences in the reporting format existed between the 2 study
arms. Baseline clinical characteristics were presented for all patients
and by troponin report type. Continuous variables are expressed as
medians with interquartile ranges, whereas categorical and count
variables are presented as frequency (percentage). Patient baseline
characteristics, inpatient investigation, therapies, and outcomes
between the randomized groups were compared using χ2 or Fisher

exact tests for categorical variables and using Kruskal–Wallis tests
for continuous variables.
The rates of death and new/recurrent ACS at 12 months and the
composite primary end point at 30 days were examined in the entire
population and stratified by maximal in-hospital troponin (<5 ng/L
[below level of detection], 5–14 ng/L [LoD to hs-TnT upper reference
limit {URLhsTnT}, 15–29 ng/L [URLhsTnT to standard report reference
limit {URLstd}], 30–100 ng/L [URLstd to older MI thresholds], and
>100 ng/L) and by clinical risk strata. The primary analysis compared
the time to first occurrence of the primary end point between the highsensitivity and standard troponin format study arms using univariable
Cox model with hospital random effects (shared frailty model) to account for correlated readings within hospitals. Twelve-month freedom from mortality, recurrent MI, and cardiac readmission was also
assessed using the same methods. Time to event curves were plotted
for the entire population and among those with a peak troponin <30
ng/L within the first 24 hours using a cumulative incidence function.
To explore whether the troponin reporting format may influence
decisions to admit or discharge patients from the ED when the Heart
Foundation risk strata were also considered, a logistic regression
model, with ED discharge as the dependent variable and report type,
risk strata, and interaction terms for each risk strata by hs-report type
as independent variables, was used. Similarly, the influence of the
level of peak troponin within the first 24 hours and the randomized
reporting format on the provision of cardiac investigations, coronary
revascularization, and recommended pharmacologies were explored
within logistic models. Within these models, the investigation or therapy was modeled as the dependent variable, with the troponin strata,
the reporting format, and an interaction term for each troponin strata
by hs-report type modeled as independent variables.

Sample Size Estimation
Assuming the correct management of these patients translates to reduction in death or ACS admissions, from 8.6% to 5.1%, a sample
size of 828 patients per arm (power of 80% at an alpha of 0.05) was
required for the primary analysis. The planned sample size was 2000
patients. A probability of <0.05 is considered statistically significant.
All analyses were performed using Stata 13.1 (College Station, TX).

Figure 1. CONSORT diagram
describing patient flow.
Hs-TnT indicates highsensitivity troponin T.
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Results
In total, 1988 patients (53% of the screened population) were
randomized in the study between July 2011 and March 2013.
Among these patients, 51 patients withdrew consent during
the follow-up period, leaving 1937 patients for analysis (973
receiving a high-sensitivity report and 964 patients receiving the standard report). Reflecting the pragmatic nature of
Table 1.

the study, 31 patients had hemolyzed blood samples without
repeat troponin testing requested, and these patients have
been retained in the intention-to-treat analysis. A summary
of patient flow and exclusions is provided in Figure 1. Risk
stratification criteria observed that 1421 patients (73.4%)
were at either intermediate or high risk, whereas 1466 patients
(75.7%) had a peak troponin level <30 ng/L, and 230 patients

Baseline Clinical Characteristics by Troponin Report Type

Characteristic
Age, y, median (IQR)

Total (n=1937)

High-Sensitivity Troponin
Report (n=973)

Standard Troponin
Report (n=964)

P Value

61.3 (48.6–73.9)

61.6 (48.7–73.8)

60.7 (48.3–74.3)

0.804

Female sex

46.3%

47.3%

45.3%

0.391

Presentation with chest pain or shortness of breath

89.1%

88.8%

89.3%

0.684

Time to presentation, h, median (IQR)
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2.2 (0.7–5.5)

2.1 (0.6–5.2)

2.5 (0.8–5.8)

0.237

Time from presentation to consent, min, median (IQR)

30 (16–51)

30 (16–50)

30 (17–53)

0.657

Heart rate, mm Hg, median (IQR)

76 (66–88)

76 (66–88)

76 (66–88)

0.899

140 (124–155)

139 (123–154)

140 (125–156)

0.240

Systolic blood pressure, mm Hg, median (IQR)
SD on ECG
Baseline creatinine, mmol/L, median (IQR)

13.3%

12.6%

14.0%

0.376

75 (64–89)

75 (64–89)

74 (63–89)

0.269

Heart foundation classification

0.509

 High risk

33.7%

35.0%

32.5%

 Intermediate risk

39.7%

39.1%

40.3%

 Low or no risk

26.6%

27.3%

26.0%

78 (56–108)

79 (56–110)

78 (57–107)

0.489

TIMI risk score, median (IQR)

2 (1–3)

2 (1–3)

2 (1–3)

0.446

Current smoker

18.4%

18.3%

18.6%

0.574

Known hypertension (n, %)

51.8%

51.2%

52.4%

0.596

Known hyperlipidemia (n, %)

52.4%

52.3%

52.4%

0.974

Diabetes mellitus (n, %)

18.6%

19.2%

18.0%

0.471

Family history of IHD (n, %)

54.1%

53.4%

54.8%

0.325

Previous myocardial infarction (n, %)

17.3%

16.7%

18.0%

0.438

Previous coronary intervention (n, %)

15.2%

16.3%

14.1%

0.171

Previous CABG (n, %)

8.3%

8.2%

8.3%

0.951

Previous crebrovascular disease (n, %)

7.9%

7.7%

8.1%

0.760

Previous chronic lung disease (n, %)

9.9%

10.0%

9.8%

0.902

GRACE score, median (IQR)

Peripheral vascular disease (n, %)

7.3%

6.9%

7.7%

0.515

Known malignancy (n, %)

10.3%

10.1%

10.5%

0.769

Impaired activities of daily living (n, %)

3.4%

3.1%

3.8%

0.425

Morbid obesity (n, %)

11.0%

10.6%

11.3%

0.611

 Undetectable

31.0%

32.5%

29.6%

 5–14 ng/L

33.8%

32.0%

35.7%

 15–29 ng/L

12.1%

12.8%

11.4%

 30–100 ng/L

18.7%

18.4%

18.9%

 >100 ng/L

4.4%

4.3%

4.5%

Maximal troponin strata (n=1906)

0.400

Categorical variables compared by χ test. Continuous variables compared by Kruskal–Wallis test. CABG indicates coronary artery bypass grafting; GRACE, Global
Registry of Acute Cardiac Events; IHD, ischemic heart disease; IQR, interquartile range; and TIMI, thrombolysis in myocardial infarction.
2
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Table 2.

Investigations and Management by Troponin Report Type During Index Presentation

Characteristic

Total (n=1937)

High-Sensitivity Troponin Report (n=973)

Conventional Troponin Report (n=964)

P Value

ED disposition
 Admitted

57.9%

57.7%

58.0%

 Discharged

41.1%

41.8%

40.4%

 Left at own risk

1.0%

0.5%

1.6%

0.067*

Discharge (TnT <30 ng/L)

46.0%

49.1%

46.4%

0.045

Echocardiography

18.5%

18.8%

18.2%

0.711

Functional study

22.6%

22.2%

23.0%

0.663

Angiogram by 12 mo

11.4%

11.9%

10.9%

0.479

Revascularization by 12 mo

5.4%

5.2%

3.8%

0.138

35.8%

36.1%

35.5%

0.771

Medications at discharge
 Aspirin
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 Other antiplatelet agent

14.0%

13.7%

14.2%

0.723

 Statin

42.6%

42.7%

42.6%

0.994

 ACE-I or ARB

37.8%

36.5%

39.1%

0.234

 
β-Blocker

26.3%

26.1%

26.5%

0.862

ED LOS, h (IQR)

5.4 (3.7–7.5)

5.4 (3.7–7.6)

5.4 (3.6–7.3)

0.330

Hospital LOS, d (IQR)

0.9 (0.2–2.0)

0.9 (0.2–2.0)

0.9 (0.2–2.0)

0.958

Final index admission diagnosis

0.084

 Undiagnosed chest pain

38.0%

37.0%

39.0%

 Stable angina

2.2%

2.7%

1.7%

 Unstable angina

4.8%

3.8%

5.8%

 Myocardial infarction

4.1%

4.2%

3.3%

 Heart failure

1.8%

2.0%

1.7%

 Arrhythmia

7.4%

8.8%

6.0%

 Pericardial disease

1.2%

1.1%

1.4%

Other noncardiac

40.5%

40.4%

40.6%

Coronary diagnosis

11.1%

10.7%

11.4%

0.612

Noncoronary cardiac diagnosis

10.5%

11.9%

9.0%

0.037

Total (n=1466)

High-Sensitivity Troponin Report (n=738)

Conventional Troponin Report (n=728)

P Value

46.0%

49.1%

46.4%

0.045

Patients With TnT <30 ng/L Within 24 h
Discharged
Echocardiography

14.7%

15.6%

13.7%

0.318

Functional study

22.7%

21.4%

24.0%

0.230

Angiogram by 12 mo

7.1%

7.6%

7.6%

0.458

Revascularization by 12 mo

2.2%

2.3%

2.1%

0.750

 Aspirin

32.2%

33.1%

31.2%

0.430

 Other antiplatelet agent

110.9%

10.7%

11.1%

0.512

Medications at discharge

Statin

38.1%

38.9%

37.2%

0.512

 ACE-I or ARB

35.0%

34.3%

35.7%

0.565

β-Blocker

21.8%

22.6%

20.9%

0.417

Categorical variables compared by χ2 test or Fisher exact test. Continuous variables compared by Kruskal–Wallis test. Noncoronary cardiac diagnosis includes heart
failure, arrhythmia, or pericardial disease. ACE-I indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; coronary diagnosis, myocardial
infarction, unstable angina, or stable angina; ED, emergency department; IQR, interquartile range; LOS, length of stay; and TnT, troponin T.
*Fisher exact test.
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(12.1%) had a troponin level between 14–29 ng/L within the
first 24 hours. The median time from symptom onset to ED
presentation and presentation to consent was 2.2 hours (range,
0.7–5.6) and 30 minutes (range, 16–51), respectively. Baseline clinical characteristics are presented in Table 1.

In-Hospital Care and Discharge Diagnosis
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Overall, there was no difference in the proportion of patients
discharged home directly from the ED with high-sensitivity
reporting (hs-report: 406 of 971 patients (41.8%) versus stdreport: 389 patients (40.1%); P=0.514). However, among
patients classified as low or no risk by Heart Foundation Criteria, a higher rate of discharge from the ED was observed in
the hs-report group (hs-report: 168 of 253 patients (66.4%)
versus std-report: 148 of 263 patients (56.3%); P=0.010),
although discharge rates were nonsignificantly lower in the
moderate risk and no different in the high risk groups, respectively, with the hs-report (moderate risk: hs-report: 131/380
(34.5%) versus std-report: 155 of 262 patients (40.2%),
P=0.068; high-risk: hs-report: 108 of 340 patients (31.8%)
versus std-report: 86 of 313 patients (27.5%), P=0.488; interaction P value=0.029). There was no difference in subsequent
inpatient cardiac investigations and management. Specifically,
there was a nonsignificant increase coronary angiography
among patients randomized to the hs-report, with a nonsignificant increase in revascularization was evident by 12 months.
Antiplatelet therapy and statin therapy were prescribed in the
same frequency in both treatment groups. The overall use of
cardiac investigations and management stratified by troponin
reporting is presented in the Table 2. However, among patients

with a peak troponin of 14 to 29 ng/L within 24 hours, there
was a significant interaction between the use of the hs-report
and the prescription of aspirin (hs-report: 55.4% versus stdreport 34.0%, P=0.006; interaction P value=0.007) and statins
(hs-report: 65.6% versus std-report 5.0%, P=0.017; interaction P value=0.005) at discharge (Figure 2). A nonsignificant
increase in revascularization was observed in this group, and
there was no significant interaction between the reporting
format, the troponin level, and the prescription of the other
pharmacotherapies.
The Clinical Event Committee–determined final diagnosis
is shown in Table 2. There was no increase in the proportion
of patients with the diagnosis of MI within the first 24 hours of
admission. There was a significant increase in the proportion
of patients discharged with a noncoronary cardiac diagnosis.
The proportion of patients discharged with a noncardiac diagnosis was similar between the 2 groups.

Troponin Level and Clinical Events
There was a strong association between the maximal in-hospital troponin level within 24 hours and the risk of subsequent
clinical events (Figure 3). For patients with a troponin level
below the reportable limit (<5 ng/L), there were no deaths and
2 ACS events (1 MI and 1 unstable angina) observed within
the first 30 days of follow-up. By 12 months, there was 1 death
and 5 ACS events (3 MIs and 2 unstable angina) observed in
this group. Nevertheless, there remained a substantial number
of hospital representations in this group, largely driven by representations with chest pain. With modest elevations in either
the initial troponin or the maximal observed troponin level,

Figure 2. Interaction between troponin reporting type, peak troponin level within 24 h, and the use of ACS guideline–advocated therapies.
ACE-I indicates angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; CI,
confidence interval; hs, high-sensitivity; OR, odds ratio; std, standard; and TnT, troponin T.
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Figure 3. Clinical outcomes stratified by (A) maximal troponin level during index presentation and (B) National Heart Foundation Risk
Classification. EP indicates end point.
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there was an increased rate of 30-day and 12-month mortality,
new or recurrent MI, and admissions for heart failure. This
increased risk was observed among patients with levels of
between 5 and 14 ng/L, considered within the normal range,
with a clear linear trend of increased risk associated with
elevations beyond this level. In contrast, stratification by the
risk criteria demonstrated poor discrimination for 30-day and
12-month events.

Clinical Events by Troponin Reporting
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Overall, there were no differences in the primary end point
at 12 months for patients randomized to the high-sensitivity
troponin report compared with the standard troponin report
(hs-report: 57 of 973 patients (9.7%) versus std-report: 69 out
of 964 patients (7.2%) [hazard ratio {HR}, 0.83 {0.57–1.22};
P=0.362]; Table 3). However, the composite death and repeat
cardiovascular admissions (ie, representations for chest pain,
recurrent MI, cerebrovascular accidents, major bleeding,
heart failure, or cardiac arrhythmia) were increased at 30
days in the overall population (hs-report: 94 of 973 patients
(9.7%) versus std-report: 69 of 964 patients (7.2%) [HR, 1.37
(1.00–1.89); P=0.047]) and when confined to patients with
troponin levels <30 ng/L. This was driven by an increase in
early noncoronary representations and was no longer significant at 12 months. Among patients with a maximal level
Table 3.

<30 ng/L, randomization to the high-sensitivity report was
associated with a reduction in the primary end point at 30
days (hs-report: 1 of 738 patients (0.1%) versus std-report:
9 of 728 patients (1.2%); HR, 0.11 [95% confidence interval, 0.02–0.76]; P=0.034) and at 12 months (hs-report: 19 of
738 patients (2.6%) versus std-report: 32 of 728 (4.4%); HR,
0.58 [95% CI, 0.34–0.10]; P=0.05; Table 4). A modest reduction in the risk of death (hs-report: 7 of 738 patients (1.0%)
versus std-report: 17 of 728 patients (2.3%); HR, 0.44 [95%
confidence interval, 0.17–0.97]; P=0.044) remained evident
at 12 months, and all of these deaths were adjudicated to be of
cardiac cause. Figure 4 shows the Kaplan–Meier event curves
for the overall population and patients with troponin level
<30 ng/L within 24 hours.

Discussion
This study is the first to evaluate the impact of unguided troponin T reporting to levels capable with a high-sensitivity troponin T assay, on clinical care and outcome within a randomized
clinical trial embedded within routine ED care. Within this
heterogenous study cohort, a substantial number of clinical
events are evident by 12 months. Furthermore, clear gradient
of increased risk for new or recurrent ACS events and mortality are observed at 30 days and 12 months with increased levels of peak troponin observed within the first 24 hours, even

Event Rates and Hazard Ratios at 30 Days and 12 Months, by Troponin Report Type Among All Randomized Patients

Characteristic

High-Sensitivity Troponin Report (n=973)

Standard Troponin Report (n=964)

Hazard Ratio (95% CI)

P Value

 Primary end point

1.54 (0.09–2.54)

2.07 (1.34–3.20)

0.74 (0.45–1.50)

0.379

 Death

0.62 (0.03–0.14)

0.83 (0.04–1.65)

0.74 (0.26–2.11)

0.580

 Myocardial infarction

0.82 (0.41–1.64)

0.93 (0.49–1.79)

0.88 (0.61–1.27)

0.500

 Unstable angina

0.31 (0.01–1.0)

0.41 (0.02–1.10)

0.74 (0.15–3.69)

0.716

 CVA

0.51 (0.21–1.23)

0.52 (0.02–1.24)

0.99 (0.52–1.90)

0.980

 Major bleeding

2.26 (1.49–3.41)

1.24 (0.71–2.18)

1.82 (0.78–4.3)

0.166

 Readmission for chest pain

4.53 (3.38–6.03)

3.53 (2.53–4.90)

1.29 (0.83–2.01)

0.263

 Readmission for heart failure

1.03 (0.55–1.90)

0.41 (0.16–1.10)

2.48 (0.72–7.92)

0.124

Clinical outcomes at 30 d

 Readmission for arrhythmia
 Any CV event

1.34(0.78–2.29)

0.52 (0.22–1.24)

2.59 (0.92–7.26)

0.071

9.66 (7.96–11.69)

7.16 (5.70–8.98)

1.37 (1.00–1.89)

0.047

Clinical outcomes at 12 mo
 Primary end point

5.86 (4.55–7.35)

7.05 (5.60–8.86)

0.83 (0.57–1.22)

0.362

 Death

3.08 (2.17–4.38)

4.15 (3.06–5.61)

0.74 (0.50–1.10)

0.135

 Myocardial infarction

2.06 (1.43–3.17))

2.18 (1.43–3.23)

0.94 (0.64–1.40)

0.768

 Unstable angina

1.23 (0.70–2.16)

1.14 (0.63–2.05)

1.08 (0.62–1.87)

0.781

 CVA

1.08 (0.54–2.16)

1.45 (0.86–2.44)

0.78 (0.44–1.36)

0.380

 Major bleeding

4.01 (2.94–5.45)

2.49 (1.68–3.69)

1.56 (0.84–2.88)

0.166

13.46 (11.47–15.77)

13.28 (11.29–15.59)

0.98 (0.78–1.25)

0.908

3.70 (2.68–5.09)

2.90 (2.01–4.18)

1.23 (0.75–2.00)

0.414

 Readmission for chest pain
 Readmission for heart failure
 Readmission for arrhythmia
 Any CV event

4.73 (3.56–6.26)

4.88 (3.69–6.44)

0.97 (0.65–1.46)

0.902

24.67 (22.08–27.50)

24.07 (21.49–26.89)

1.04 (0.87–1.25)

0.639

Kaplan–Meier failure rates (expressed as percentage and 95% CI). Comparisons using univariate random-effects Cox model (shared frailty: enrolling hospital) for
hazard ratio, 95% confidence bounds, and P value. CI indicates confidence interval; CV, cardiovascular; and CVA, cerebrovascular accident.
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among patients with detectable levels considered within the
normal range for the assay studied. However, we observed
only modest impact on clinical practice considering the greater
degree of information offered by the high-sensitivity troponin
result, with only minor reduction in the rate of discharge from
hospital, and a nonsignificant increases in hospital admissions
and revascularization overall. An increased use of aspirin and
statins was seen among patients with a peak troponin level of
14 to 29 ng/L within 24 hours. Nevertheless, a modest reduction in death and recurrent ACS was observed within 30 days
and by 12 months, with a reduction in mortality also observed
at 12 months. Further realizing the promise of greater risk
discrimination by informing the better selection of patients
for cardiac investigations and treatments through hs-troponin
testing may require a commensurate adaptive change of clinical decision making. Adoption of hs-TnT reporting should be
clinically integrated with robust protocols validated in appropriately designed randomized clinical trials.
The proportion of patients within this cohort with an initial troponin level of <15 ng/L within 24 hours was 64% and
is comparable to other large-scale, population-based samples.4
However, we observed a higher absolute risk of all-cause death
and/or recurrent ACS at both 30 days and 12 months than
reported in these other studies potentially reflecting differing
clinical thresholds for troponin testing in the ED.4 The gradient of increasing risk of cardiac events that is evident even at
levels within the described reference limits is also consistent
with several population-based studies, suggesting the potential
opportunities for proven cardiac investigation and therapies to
improve outcomes if extended to this large patient population.20
Despite the increased interest, reporting of the troponin
T level without integration with clinical protocols had a relatively little impact on admission and cardiac investigations,
with modest differences in discharge rates among patients
at low and intermediate risk based on other clinical criteria.

Nonsignificantly higher rates of coronary angiography and
coronary revascularization were seen and an increase in the
use of aspirin and statins was observed among the patients
with modest peak troponin levels documented within 24 hours.
These data are in contrast to a previously reported observational study examining the impact of implementing a troponin
I assay with greater sensitivity performance.21 Potential factors contributing to the discordant results in that observational
study include a greater difference in the information being
provided to the clinician resulting from a much greater difference in assay performance between the 2 troponin I tests
assessed; the post hoc exclusion of patients with an alternate
noncardiac diagnosis; and the impact of secular changes in
clinical practice that is difficult to control for when conducting a before and after comparisons of healthcare innovations.
Given the limited impact on care, the modest reduction in
recurrent cardiac events and mortality should be interpreted
with caution, especially considering the multiple comparisons and the lack of difference seen for the primary outcome
analysis. Nevertheless, subtle differences in practice, particularly among patients with other noncoronary cardiac conditions, may account for differences in outcomes observed.
The overall higher representation rate for patients receiving
hs-TnT testing requires further explanation and is potentially
related to identification of modest elevations in troponin during the index presentation leading to an increase in noncoronary cardiac diagnoses and subsequent care in addition to the
modest differences in pharmacology observed. Knowledge of
these diagnoses may influence patient behavior and outcome
after initial presentation, highlighting the need for studies of
diagnostic testing to evaluate late outcomes beyond the initial
diagnostic process. Nevertheless, effective implementation of
hs-TnT testing is also likely to require strategies that incorporate better management of patients with nonischemic causes
of myocardial injury.

Table 4. Event Rates and Hazard Ratios at 30 Days and 12 Months, by Randomized Troponin Report Type Among Patients With
Peak Troponin Level <30 ng/L Within 24 H
Clinical Outcomes at 30 D (Peak Troponin
<30 ng/L)

High-Sensitivity Troponin
Report (n=738)

Standard Troponin Report
(n=728)

Hazard Ratio (95% CI)

P Value

 Primary end point

0.14 (0.02–0.01)

1.24 (0.7–2.36)

0.11 (0.02–0.76)

0.034

 Death

0.14 (0.02–0.096)

0.41 (0.1–1.27)

0.33 (0.03–3.16)

0.335

0

0.41 (0.01–1.27)

…

0.081

 Myocardial infarction
 Unstable angina

0

0.41 (0.01–1.27)

…

0.081

 Major bleeding

1.08 (0.54–2.16)

0.82 (0.37–1.83)

1.31 (0.46–3.79)

0.613

 Any CV event

7.32 (5.65–9.45)

4.67 (3.36–6.47)

1.59 (1.04–2.44)

0.034

Clinical outcomes at 12 mo
 Primary end point

2.57 (1.65–4.01)

4.40 (3.13–6.16)

0.58 (0.34–1.00)

0.050

 Death

0.95 (0.45–1.98)

2.34 (1.46–3.73)

0.40 (0.17–0.97)

0.044

 Myocardial infarction

0.68 (0.30–1.62)

0.96 (0.5–2.01)

0.70 (0.22–2.22)

0.548

 Unstable angina

0.95 (0.45–1.98)

1.10 (0.55–2.19)

0.86 (0.31–2.37)

0.772

 Major bleeding
 Any CV event

2.30 (1.35–3.56)

2.20 (1.35–3.56_

1.05 (0.53–2.07)

0.894

21.41 (18.62–24.55)

19.51 (16.81–22.57)

1.12 (0.90–1.41)

0.313

Kaplan–Meier failure rates (expressed as percentage and 95% CI). Comparisons using univariate random-effects Cox model (shared frailty: enrolling hospital) for
hazard ratio, 95% confidence bounds, and P value. CI indicates confidence interval; and CV, cardiovascular.
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Figure 4. Kaplan–Meier failure function
for (A) overall population and (B) patients
with troponin level <30 ng/L within 24 h
stratified by type of troponin reporting. ACS
indicates acute coronary syndrome; and
TnT, Troponin T.

The routine use of hs-TnT assays incorporated into protocols of care is currently advocated in ACS guidelines, particularly for identifying patients suitable to early discharge.3
This study highlights the inertia of clinical decision making
in response to the adoption of new diagnostic and therapeutic innovations. Availability of troponin results with greater
diagnostic precision alone did not substantially improve the
effectiveness or efficiency of care, particularly among patients
with low or no detectable troponin T. The modest change in
practice may reflect many factors, including a lack of clinical
appreciation of the increased risk for future events associated
with low-level elevations in troponin or the lack of mature
decision making and established investigative/management pathways for the care of patients with and without evidence of low-grade myocardial injury. Of significance is that

hs-TnT assays are yet to be approved by the Food and Drug
Administration for routine use in the United States, whereas
HealthPACT (Australian Health Technology Assessment
Agency) and the Canadian Agency for Drug and Technologies
in Heath currently recommend against routine use as recently
as in 2011 and 2013, respectively.22,23 Recent publications
from the National Institute for Health and Care Excellence in
the United Kingdom reinforce these recommendations calling for more research evaluating the true clinical and health
service impacts of this diagnostic innovation and the design of
clinical protocols to effectively optimize their use.24 Several
noncomparative observational series and small-scale randomized feasibility studies have been performed.25–28 This study
suggests the routine use of hs-TnT reporting may be associated with reduced mortality and recurrent ACS. However,
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for widespread use of hs-TnT testing in routine practice to
be advocated, the incremental gains in clinical effectiveness
of new hs-troponin–based protocols should be demonstrated
within appropriately designed randomized clinical trials, as
called for in international guidelines.3

Conclusions
High-sensitivity troponin provides useful risk information,
but routine reporting without integration within protocols is
associated with only modest changes in practice. Nevertheless, beyond the diagnostic process, routine use may improve
late outcomes. Adoption of high-sensitivity troponin testing
is likely to require coupling with management protocols that
guide interpretation and care if the benefits of greater diagnostic discrimination are to be harnessed. Such protocols should
be validated in comparative clinical trials.
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SUPPLEMENTAL MATERIAL

National Heart Foundation Australia ACS guidelines: risk classification 1

Suspected Non ST elevation ACS*

Persistent or dynamic ECG† changes

with high risk features

Transient ST elevation (>1mm)
ST depression > 0.5mm or new deep T wave in version (> 1mm)
or pseudonormalisation of T waves in more than 2 contiguous
leads
Hemodynamic compromise: killip class > 1 and/or new onset
mitral regurgitation and/or syncope
Presence of known diabetes
Ongoing chest pain at rest without persistent ST elevation of
1mm in 2 or more contiguous leads
New or presumed new bundle branch block pattern on initial
ECG not meeting definition of ST elevation MI‡

Suspected Non ST elevation ACS

Age ≥ 65 years

with intermediate risk features

Known coronary artery disease
Prior MI
Prior revascularisation
Known coronary lesion > 50%
Pathological Q-waves
2 or more of hypertension, family history, smoking or
hyperlidemia
Aspirin use

Suspected Non ST elevation ACS with 1 risk factor of hypertension, family history, active smoking or
low risk features
hyperlipidemia
Atypical presentation

Presentation with chest pain features considered not typical of
ACS

*ACS= acute coronary syndrome, †ECG= electrocardiogram, ‡MI= myocardial infarction
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