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BACKGROUND: High-sensitivity troponin assays are increasingly being adopted to expedite evaluation of patients with suspected 
acute coronary syndromes. Few direct comparisons have examined whether the enhanced performance of these assays at 
low concentrations leads to changes in care that improves longer-term outcomes. This study evaluated late outcomes of 
participants managed under an unmasked 0/1-hour high-sensitivity cardiac troponin T (hs-cTnT) protocol compared with a 
0/3-hour masked hs-cTnT protocol.

METHODS: We conducted a multicenter prospective patient-level randomized comparison of care informed by unmasked 0/1-
hour hs-cTnT protocol (reported to <5 ng/L) versus standard practice masked hs-cTnT testing (reported to ≤29 ng/L) assessed 
at 0/3 hours and followed participants for 12 months. Participants included were those presenting to metropolitan emergency 
departments with suspected acute coronary syndromes, without ECG evidence of coronary ischemia. The primary end point was 
time to all-cause death or myocardial infarction using Cox proportional hazards models adjusted for clustering within hospitals.

RESULTS: Between August 2015 and April 2019, we randomized 3378 participants, of whom 108 withdrew, resulting in 
12-month follow-up for 3270 participants (masked: 1632; unmasked: 1638). Among these, 2993 (91.5%) had an initial 
troponin concentration of ≤29 ng/L. Deployment of the 0/1-hour hs-cTnT protocol was associated with reductions in functional 
testing. Over 12-month follow-up, there was no difference in invasive coronary angiography (0/1-hour unmasked: 232/1638 
[14.2%]; 0/3-hour masked: 202/1632 [12.4%]; P=0.13), although an increase was seen among patients with hs-cTnT levels 
within the masked range (0/1-hour unmasked arm: 168/1507 [11.2%]; 0/3-hour masked arm: 124/1486 [8.3%]; P=0.010). 
By 12 months, all-cause death and myocardial infarction did not differ between study arms overall (0/1-hour: 82/1638 [5.0%] 
versus 0/3-hour: 62/1632 [3.8%]; hazard ratio, 1.32 [95% CI, 0.95–1.83]; P=0.10). Among participants with initial troponin T 
concentrations ≤29 ng/L, unmasked hs-cTnT reporting was associated with an increase in death or myocardial infarction (0/1-
hour: 55/1507 [3.7%] versus 0/3-hour: 34/1486 [2.3%]; hazard ratio, 1.60 [95% CI, 1.05–2.46]; P=0.030).

CONCLUSIONS: Unmasked hs-cTnT reporting deployed within a 0/1-hour protocol did not reduce ischemic events over 
12-month follow-up. Changes in practice associated with the implementation of this protocol may be associated with an 
increase in death and myocardial infarction among those with newly identified troponin elevations.

REGISTRATION: URL: https://www.anzctr.org.au; Unique identifier: ACTRN12615001379505.
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C linical implementation of troponin assays with 
improved analytic precision have enabled more 
rapid assessment of patients with suspected 

acute coronary syndrome (ACS), and safe discharge 
of patients deemed to be at low risk on the basis of 
these protocols.1,2 Similarly, the greater sensitivity 
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of these assays coupled with the ability to observe 
small temporal changes in troponin can be used to 
define acute and chronic injury patterns.3,4 However, 
to date, no prospective randomized trials have dem-
onstrated that the increased detection of myocardial 
injury associated with high-sensitivity troponin assays 

leads to a reduction in cardiovascular outcomes over 
the longer term.5,6

In a study cohort with a low suspicion for ACS, unmask-
ing the values <30 ng/L using a high-sensitivity cardiac 
troponin T (hs-cTnT) assay within a 0/1-hour chest 
pain assessment protocol, the RAPID-TnT trial (Rapid 
Assessment of Possible ACS in the Emergency Depart-
ment With High-Sensitivity Troponin T trial), observed a 
0.5% rate of death or myocardial infarction (MI) within 
30 days among patients receiving a MI rule-out recom-
mendation.7 Care was guided by the unmasked 0/1-hour 
protocol and was found to be noninferior at 30 days com-
pared with the standard 0/3-hour protocol with troponin 
results <30 ng/L masked to the clinician.7 However, 
consistent with other nonrandomized comparisons, clini-
cal reporting of actual low-level troponin concentrations 
was associated with a reduction in the use of early func-
tional testing and an increase in coronary angiography.8,9 
This increase in early coronary investigations was associ-
ated with an overall increase in myocardial injury, without 
a commensurate increase in the diagnosis of type 1 MI 
(ie, atherosclerotic plaque disruption) at the initial pre-
sentation.7 Furthermore, given the low risk profile of this 
patient population, the initial 30-day noninferiority analy-
sis of this trial was not designed to adequately exam-
ine the long-term safety associated with the changes 
in practice resulting from the clinical unmasking of low-
level troponin concentrations. Therefore, as planned and 
prespecified in the design of this study, we followed this 
prospectively randomized cohort to evaluate the effect of 
0/1-hour unmasked hs-cTnT versus 0/3-hour masked 
hs-cTnT protocol on all-cause mortality and recurrent MI 
events over 12 months, with particular interest in those 
participants with initial hs-cTnT concentrations within the 
previously clinically masked range <29 ng/L.

METHODS
Study Design
The design of the RAPID-TnT trial has been described in detail 
elsewhere.10 In brief, this was a prospective patient-level ran-
domized evaluation of a 0/1-hour protocol using unmasked hs-
cTnT reporting compared with standard care 0/3-hour testing, 
where troponin T values were masked <29 ng/L. This study 
enrolled participants with suspected ACS who were potentially 
eligible for early discharge and for whom initial ECG did not 
suggest coronary ischemia from 4 metropolitan public emer-
gency departments (EDs) in Adelaide, South Australia. Given 
the dual and potentially competing clinical goals of rapid ED 
chest pain assessment, specifically safe early discharge and 
effective diagnosis and treatment of coronary presentations to 
prevent late cardiovascular events, this trial planned 2 analyses. 
The initial safety-based noninferiority assessment of the 30-day 
outcomes has been previously reported.7 As planned, this anal-
ysis examined the association between the changes in prac-
tice resulting from a 0/1-hour unmasked hs-cTnT protocol and 
subsequent improvements in 12-month clinical outcomes. The 

Clinical Perspective

What Is New?
• Although the use of a 0/1-hour high-sensitivity car-

diac troponin T protocol expedited discharge of 
patients presenting to the emergency department 
with a low event rate at 30 days, an increase in 
death or myocardial infarction was observed at 1 
year in those with unmasked high-sensitivity cardiac 
troponin T concentrations.

• Among those with intermediate cardiac troponin 
concentrations, where care was informed by a 0/1-
hour unmasked high-sensitivity cardiac troponin T 
protocol, increases in revascularization and reduc-
tions in noninvasive cardiac investigation were 
observed.

• These changes in practice that result from the use 
of rapid discharge protocols may potentially be 
associated with an increase in all-cause death or 
myocardial infarction by 12 months among those 
low-level troponin elevations.

What Are the Clinical Implications?
• Observations from this study may suggest the 

ongoing utility of downstream cardiac testing to 
diagnose unrecognized coronary artery disease 
among low-risk patients presenting with suspected 
acute coronary syndrome.

• Randomized trials are required to robustly assess 
downstream investigative and therapeutic strate-
gies for those with intermediate cardiac troponin 
concentrations, especially given the large propor-
tion of patients with myocardial injury not attribut-
able to type 1 myocardial infarction.

• More sophisticated clinical decision support 
approaches may improve outcomes and need to be 
prospectively validated in clinical practice.

Nonstandard Abbreviations and Acronyms

ACS acute coronary syndrome
CAD coronary artery disease
ED emergency department
hs-TnT high-sensitivity cardiac troponin T
MI myocardial infarction
RAPID-TnT  Rapid Assessment of Possible ACS in 

the Emergency Department With High-
Sensitivity Troponin T trial



ORIGINAL RESEARCH 
ARTICLE

Circulation. 2021;144:113–125. DOI: 10.1161/CIRCULATIONAHA.121.055009 July 13, 2021 115

Lambrakis et al RAPID-TnT 12-Month Outcomes

Southern Adelaide Clinical Human Research Ethics Committee 
provided approval (207.15) (URL: https://www.anzctr.org.au; 
Unique identifier: ANZCTRN12615001379505). The data 
that support the findings of this study and other potential analy-
ses are available from the corresponding author on request.

System-Level Troponin T Masking
A single pathology provider services all public hospitals in 
South Australia. In April 2011, the Roche Diagnostics (Cobas) 
Elecsys fifth generation hs-cTnT assay (limit of detection: 5 
ng/L; 99th percentile: 14 ng/L) was implemented as the sole 
troponin assay available within all South Australia public hos-
pitals. At the time of deployment, the lower reporting limit was 
aligned to that of the previous-generation assay (ie, lower refer-
ence limit reported as ≤29 ng/L rather than down to 5 ng/L) 
because of concerns over the possible increase in invasive car-
diac assessments if lower reference limits were used.6 Access 
to unmasked concentrations was possible only through trial 
enrollment, thus enabling single-blind study implementation.

Study Population
This study focused on patients for whom there may be greater 
incremental diagnostic yield from hs-cTnT reporting and there-
fore aimed not to enroll patients for whom protracted care 
was likely to be required. Therefore, eligible participants were 
those (1) with clinical features of suspected ACS as the prin-
cipal cause of presentation; (2) without definitive evidence of 
coronary ischemia on baseline ECG; (3) who were ≥18 years 
old; and (4) who willing to give written informed consent. We 
excluded patients who (1) had chest pain believed to be of non-
cardiac origin; (2) were transferred in from another hospital; (3) 
had received suspected ACS assessment within the previous 
30 days; (4) were receiving permanent dialysis; or (5) had a 
comorbidity or language barrier leading to the inability to com-
plete essential trial documentation.

Study Protocol
Consent and randomization using permuted blocks of 4, strati-
fied by participating hospital, occurred after the initial ECG had 
been taken and interpreted, but before troponin values were 
clinically available. For participants randomized to the 0/1-hour 
hs-cTnT arm, ED management was guided by the following 
protocol: rule-out with discharge to primary care if the baseline 
troponin value was <5 ng/L and it had been >3 hours since 
symptom onset, or where the baseline was ≤12 ng/L with a 
change over 1 hour of <3 ng/L; rule-in with hospital admis-
sion recommended for suspected MI if the baseline troponin 
value was ≥52 ng/L or a change of ≥5 ng/L over 1 hour was 
seen regardless of the baseline concentration; observe (ie, gray 
zone) with repeat testing recommended when the baseline tro-
ponin values were between 13 and 51 ng/L with a change over 
1 hour of <5 ng/L, or when the baseline troponin value was 
≤12 ng/L with a change over 1 hour of 3 to 4 ng/L.1,2,10

Care in the standard arm followed the South Australia state-
wide chest pain protocol, which recommends troponin T testing 
at baseline and at 3 hours, with discretionary further testing at 6 
hours. In the standard arm, all troponin T values were reported to 
a lower limit of ≤29 ng/L. Within the local standards, those with a 
troponin value >29 ng/L and ongoing symptoms, ECG changes, 

or known coronary artery disease (CAD) were recommended for 
inpatient assessment. Patients with troponin values ≤29 ng/L 
and without ongoing pain or known CAD were recommended for 
discharge, with subsequent outpatient functional testing deter-
mined by age >65 years and the presence of ≥3 cardiac risk 
factors. Clinicians retained the discretion to use other risk assess-
ment tools such as risk scores and to vary management as they 
deemed appropriate. Indications for coronary angiography and 
possible coronary revascularization were not stipulated by either 
protocol and were provided on the basis of local clinical judgment.

Data Collection and Outcome Measures
All representations were assessed for repeat cardiac investi-
gations. This included all ECGs, troponin tests, echocardiogra-
phy, stress testing (ECG, echocardiography, nuclear scanning, 
cardiac magnetic resonance imaging), computerized tomogra-
phy coronary angiography, invasive coronary angiography, and 
coronary revascularization (percutaneous coronary intervention 
or coronary artery bypass graft). This was achieved through 
systematic interrogation of statewide hospital and adminis-
trative data and utilization of data linkage methods. Similarly, 
for consenting participants, data linkage with Medicare and 
Pharmaceutical Benefits Scheme data were used to capture 
downstream medical consultations and cardiac investigations 
conducted in outpatient settings.

The primary outcome for this study was the time to all-cause 
mortality and MI adjudicated to the Fourth Universal Definition 
of MI evaluated up to 12 months of follow-up, with MIs iden-
tified during the index in-hospital assessment (≤12 hours) 
excluded.10,11 Index admissions and subsequent events were 
adjudicated by at least 2 independent cardiologists with dis-
agreements assessed by a third senior cardiologist, all of whom 
were blinded to the randomization arm, and each primary end 
point event was reviewed at a clinical events committee meet-
ing. To meet the classification of acute injury, the documentation 
of a rise or fall in troponin T (defined as a change >20%) with at 
least 1 sample >14 ng/L was required. Subsequent subclassifi-
cation into MI types 1, 2, 4a, and 5 required definitive supporting 
evidence of coronary ischemia by the documentation of a typi-
cal clinical history or ischemic ECG changes, new wall motion 
abnormalities on cardiac imaging, or angiographic findings. In 
addition, applying the classification of type 2 MI required docu-
mented evidence of physiological supply–demand imbalance 
deemed sufficient to confer coronary ischemia. Late serial tropo-
nin values with a rise or fall pattern in the absence of myocardial 
ischemia were reported as acute myocardial injury, and troponin 
elevations >14 ng/L not meeting the rise or fall criteria were 
reported as chronic myocardial injury. Troponin T concentrations 
down to 5 ng/L were available to the adjudicators. Key sec-
ondary outcomes included individual components of the primary 
end point; unstable angina, peripheral vascular revascularization, 
and cerebrovascular accidents; congestive cardiac failure, and 
atrial and ventricular arrhythmias; and bleeding events classified 
by the Bleeding Academic Research Consortium criteria in the 
12 months after randomization.12

Statistical Analysis
Baseline characteristics, index diagnoses, and components of 
subsequent care are reported as counts and percentages (%), 
compared with χ2 tests, with continuous variables reported as 
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medians and interquartile ranges and compared with Mann-
Whitney U tests where appropriate. The flow of participants is 
reported in Figure 1. The analyses used the intention-to-treat 
principle. For this analysis, the time to first component of pri-
mary composite end point between the 2 randomized groups 
was compared using Cox proportional hazards models without 
covariate adjustment. To account for clustering between hos-
pitals, shared frailty and robust variance estimators were used, 
with these methods demonstrating the smallest deviation in 
proportional hazards reported. The key prespecified subgroup, 
for which the study was originally powered, were those partici-
pants with an initial troponin concentration of 5 to 29 ng/L on 
their first 2 samples (ie, below the standard masked troponin 
concentration where there was a reporting difference between 
the 2 study arms). The primary composite end points by ran-
domized arm were similarly compared without covariate adjust-
ment, whereas covariate-adjusted models are presented in  

Table III in the Data Supplement. The proportional hazards 
assumption was tested and found to be valid in all models. 
Because of suspicion of increased risk, these analyses are con-
sidered exploratory and are not adjusted for multiple testing. 
Similarly, analyses exploring the time to other events were con-
sidered exploratory and are reported without adjustment for mul-
tiple testing. Time to the events over 12 months of follow-up for 
the 2 study arms are plotted using Kaplan–Meier survival curves, 
and a landmark analysis was undertaken at 30 days to evaluate 
for a difference between early and longer-term relative hazards 
as a consequence of baseline differences in downstream treat-
ments. Furthermore, given the suspicion of an increase in events 
within the 0/1-hour arm, subsequent clinical care and event 
rates by triage recommendation in the 0/1-hour unmasked hs-
cTnT arm were explored in contrast with that of the 0/3-hour 
masked hs-cTnT arm among participants with an initial tropo-
nin T concentration ≤29 ng/L. Additional analyses of care and 

Figure 1. Screening, eligibility, randomization. and follow-up.
ACS indicates acute coronary syndrome. 
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events over 12 months by the highest troponin concentration 
observed during initial assessment stratified as <5 ng/L, 5 to 51 
ng/L, and ≥52 ng/L were undertaken. The association between 
troponin profiles adjudicated to the Fourth Universal Definition 
of MI, and late outcomes, specifically all-cause mortality, acute 
coronary events (MI and unstable angina), and cardiovascular 
rehospitalizations not related to acute coronary events (heart 
failure, arrhythmias, cerebrovascular and peripheral vascular dis-
ease), were also explored using the Cox proportional hazards 
models with shared frailty, adjusting for baseline differences in 
age, sex, renal function, cardiovascular risk factors, and previous 
cardiovascular disease.

As previously described, the decision to end enrollment in 
April 2019 was made after Data Safety and Monitoring Board 
review, which suggested there was no longer equipoise on 
rule-out MI recommendation performance (ie, discharge under 
the 0/1-hour protocol was associated with a <1% rate of 
30-day death or MI). All statistical analyses were conducted 
using STATA 16.0 (College Station, TX), and a P value of <0.05 
(2-tailed) was considered statistically significant.

RESULTS
Patient Population and Procedures
Between August 2015 and April 2019, 3378 participants 
presenting to 4 metropolitan EDs were enrolled. Of these, 
90 participants either did not meet inclusion criteria or 
withdrew initial consent, and a further 18 participants 
withdrew consent for late follow-up, leaving 3270 partici-
pants (0/1-hour arm: n=1638; 0/3-hour arm: n=1632), 
who were followed for 12 months (Figure 1). Participants 
with an initial troponin T concentration within the masked 
range of ≤29 ng/L constituted 2993/3327 (91.5%) of 
the total cohort. The 2 study arms were well balanced 
for baseline characteristics in the overall cohort (Table 1) 
and among those with initial results ≤29 ng/L (Table I in 
the Data Supplement), with a modest difference in Kil-
lip class noted. Nearly half the participants were female 
(47%), and the median age was 59 (interquartile range, 
49–70) years. The population had a low estimated risk 
with a median History ECG Age Risk Factors and Tro-
ponin (HEART) score of 3 (interquartile range, 2–4), and 
28% had a previous history of CAD. Diagnosis of type 1 
MI on initial assessment was made in 124/3270 (4%) 
of the population and did not differ between study arms. 
Type 2 MI and acute myocardial injury was observed in 
39/3270 (1%) and 61/3270 (2%), respectively. In con-
trast, 469/3270 (14.3%) of the cohort exhibited elevated 
troponin concentrations in the initial 12 hours, which had 
a profile consistent with chronic myocardial injury.

Clinical Care and Resource Use
Participants randomized to the 0/1-hour unmasked 
hs-cTnT protocol were discharged directly from the ED 
with greater frequency compared with the 0/3-hour arm 
(45.0% versus 32.3%; P<0.001) and were discharged 

earlier (median ED length of stay among directly dis-
charged participants, 0/1-hour arm: 3.8 [IQR, 3.1–4.7] 
hours; 0/3-hour arm: 4.2 [IQR, 3.1–5.7] hours; P<0.001). 
Randomization to the 0/1-hour unmasked protocol was 
also associated with a lower rate of functional testing 
(Tables 2 and 3). In the overall cohort, 241/3270 (7.4%) 
of participants received invasive coronary angiography. 
This increased to 434/3270 (13.3%) by 12 months, with 
no difference in study arms (0/1-hour arm: 232/1638 
[14.2%]; 0/3-hour arm: 202/1632 [12.4%]; P=0.13). 
However, among patients with an initial troponin ≤29 
ng/L, there was a modest increase in the number of 

Table 1. Baseline Characteristics of All Study Participants in 
the Intention-to-Treat Population

Characteristic

Standard 
protocol 
(N=1632)

0/1-h proto-
col (N=1638)

Age, y 58.6  
(48.8–71.2)

58.7  
(48.6–69.4)

Female sex 762 (46.7) 767 (46.8)

Hypertension 334 (20.5) 322 (19.7)

Diabetes 285 (17.5) 257 (15.7)

Dyslipidemia 719 (44.1) 711 (43.4)

Current smoker 582 (35.7) 566 (34.6)

Family history of coronary artery disease 951 (59.4) 987 (61.2)

Previous history of coronary artery disease 473 (29.0) 456 (27.8)

Previous myocardial infarction 161 (9.9) 170 (10.4)

Previous angina 257 (15.7) 249 (15.2)

Previous heart failure 92 (5.6) 77 (4.7)

Previous atrial fibrillation 153 (9.4) 134 (8.2)

Chronic obstructive airways disease 73 (4.5) 77 (4.7)

Previous cerebrovascular disease 51 (3.1) 53 (3.2)

Previous coronary artery bypass grafting 45 (2.8) 49 (3.0)

Previous percutaneous coronary inter-
vention

138 (8.5) 171 (10.4)

Killip class >1* 50 (3.1) 32 (2.0)

Glomerular filtration rate (mL/min/1.73 
m2)†‡

86.0  
(71.4–98.0)

86.2  
(71.6–98.2)

Emergency Department Assessment of 
Chest Pain Score

15.0  
(9.0–21.0)

14.0  
(9.0–20.0)

Global Registry for Acute Coronary 
Events score*

75.0  
(56.1–100.7)

74.1  
(55.3–97.2)

Thrombolysis in Myocardial Infarction 
non–ST-segment–elevation acute coro-
nary syndrome score

1.0 (0.0–3.0) 1.0 (0.0–2.0)

History ECG Age Risk Factors and Tro-
ponin score

3.0 (2.0–4.0) 3.0 (2.0–4.0)

Values indicate n (%) or median (interquartile range). 
*There were no significant differences (P<0.05) between the 2 groups ex-

cept for Killip class (P=0.04).
†Missing data: 2 participants in the standard arm did not have blood pressure 

recorded; 36 participants (17 in the 0/1-h arm and 19 in the standard arm) did 
not have creatinine drawn. Note that this affects the calculation of the Global 
Registry for Acute Coronary Events score.

‡The glomerular filtration rate was calculated using the 2009 CKI–EPI 
(Chronic Kidney Disease–Epidemiology Collaboration) creatinine equation.
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coronary angiograms undertaken in the unmasked pro-
tocol (0/1-hour arm: 168/1507 [11.2%]; 0/3-hour arm: 
124/1486 [8.3%], P=0.010) (time to angiography is 
presented in Figure I in the Data Supplement). Within 30 
days, 116/3270 (3.6%) received coronary revasculariza-
tion, increasing to 182/3270 (5.6%) by 12 months. There 
was no difference in the rate of revascularization be-
tween study arms within the overall population (0/1-hour 
arm: 94/1638 [5.7%]; 0/3-hour arm: 88/1632 [5.4%]; 
P=0.666), and similarly among those with an initial tropo-
nin ≤29 ng/L (0/1-hour arm: 62/1507 [4.1%]; 0/3-hour 
arm: 43/1486 [2.9%]; P=0.070). There was no differ-
ence in the rate of statin use or other secondary preven-
tion medications between the 2 study arms. Tables 2 and 
3 describe the rates of therapies for CAD by study arm.

Clinical Outcomes
Over the 12-month follow-up, 611 representations to a 
hospital with at least 1 troponin concentration >14 ng/L 

were observed. Most of these episodes were associated 
with a chronic injury troponin profile. Tables 4 and 5 de-
scribe clinical events and the rate of first representations 
with MI or injury using the Fourth Universal Definition of 
MI, and Table II in the Data Supplement describes the 
total number of these events over a 12-month follow-up 
by randomized arm.11

Within 30 days, 34/3270 (1.0%) participants experi-
enced the primary end point of all-cause death or subse-
quent MI, and by 12 months, this increased to 144/3270 
(4.4%). There was no difference between study arms 
within the overall population (0/1-hour arm: 82/1638 
[5.0%]; 0/3-hour arm: 62/1632 [3.8%]; hazard ratio, 
1.32 [95% CI, 0.95–1.83]; P=0.10). There was no dif-
ference in primary end point between study arms among 
participants with an initial troponin >29 ng/L (0/1-hour 
arm: 27/131 [20.6%]; 0/3-hour arm: 28/146 [19.2%]; 
hazard ratio, 1.05 [95% CI, 0.62–1.78]; P=0.859). 
However, among participants with initial troponin con-
centrations ≤29 ng/L, care informed by the unmasked 

Table 2. Adjudicated Index Diagnosis, Troponin Profile, and Coronary Artery Disease Manage-
ment by Study Arm Within the Overall Population

Clinical care characteristic
Standard protocol 
(N=1632)

0/1-Hour protocol 
(N=1638) P value

Final discharge diagnosis

 Type 1 myocardial infarction 65 (4.0) 59 (3.6) 0.81

 Type 2 myocardial infarction 19 (1.2) 20 (1.3)  

 Other cardiac diagnoses 164 (10.0) 149 (9.1)  

 Chest pain 1004 (61.5) 991 (60.5)  

Troponin profiles during index hospitalization

 No cardiac injury 1294 (79.3) 1283 (78.3) 0.44

 Acute cardiac injury pattern 116 (7.1) 108 (6.6)  

 Chronic cardiac injury pattern 222 (13.6) 247 (15.1)  

Coronary investigation and management

 Functional testing within 30 d 178 (10.9) 122 (7.4) <0.001

 Coronary angiogram within 30 d 115 (7.0) 126 (7.7) 0.48

 Percutaneous coronary intervention within 30 d 46 (2.8) 53 (3.2) 0.49

 Coronary artery bypass graft within 30 d 9 (0.6) 9 (0.5) 0.99

 Revascularization within 30 d 54 (3.3) 62 (3.8) 0.46

 Coronary angiogram within 12 mo 202 (12.4) 232 (14.2) 0.13

  Percutaneous coronary intervention within 12 mo 70 (4.3) 77 (4.7) 0.57

 Coronary artery bypass graft within 12 mo 19 (1.2) 22 (1.3) 0.65

 Revascularization within 12 mo 88 (5.4) 94 (5.7) 0.67

 Therapies after hospitalization

  P2Y12 inhibitor 195 (11.9) 209 (12.8) 0.48

  Statin therapy 612 (37.5) 603 (36.8) 0.68

  Other lipid-lowering agents 129 (7.9) 144 (8.8) 0.36

   Angiotensin-converting enzyme inhibitor or  
angiotensin receptor blocker

615 (37.7) 619 (37.8) 0.95

  β-Blockers 384 (23.5) 383 (23.4) 0.92

Values indicate n (%).
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protocol was associated with an increase in death or MI 
by 12 months (0/1-hour arm: 55/1507 [3.6%]; 0/3-
hour arm: 34/1486 [2.3%]; hazard ratio, 1.60 [95% 
CI, 1.05–2.46]; P=0.030; interaction P value=0.036). 
This observed increase in risk persisted within analyses 
adjusted for key baseline clinical characteristics (Table 
III in the Data Supplement). There was no difference in 
the rates of subsequent cardiovascular rehospitalization 
in the overall cohort or among those with initial troponin 
concentrations ≤29 ng/L (Figure 2). Landmark analysis 
of the primary end point among those with an initial tro-
ponin concentration ≤29 ng/L did not demonstrate a dif-
ference in the relative hazard of care under the 0/1-hour 
unmasked protocol compared with the 0/3-hour masked 
protocol within 30 days. However, this analysis shows an 
increase in the late risk of death or MI at 12 months in 
those without an event at 30 days (hazard ratio, 1.68 
[95% CI, 1.08–2.61]; P=0.021) (Figure 3).

Table 6 describes the investigative tests, manage-
ment, and event rates by triage recommendation in the 
0/1-hour unmasked arm contrasted with the 0/3-hour 
masked arm among participants with an initial troponin 
concentration ≤29 ng/L. Among patients with unmasked 
troponin results, event rates appeared disproportionately 
greater among those within the observe and rule-in cat-

egories with a small excess in overall events evident. 
Exploratory analysis of patients stratified by the highest 
troponin concentration observed during initial assess-
ment demonstrates similar care and a low rate of recurrent 
ischemic events among patients with an initial troponin 
level of <5 ng/L. There were no deaths observed over 
the 12 months of follow-up among patients with a tro-
ponin concentration in this subgroup. In the subgroup of 
patients with troponin concentrations between 5 and 51 
ng/L, a lower rate of functional testing and a higher rate 
of angiography over 12-month follow-up were observed 
in the 0/1-hour arm, without a significant difference in 
clinical events. Among patients with troponin concentra-
tions ≥52 ng/L, there was no significant difference in 
outcomes (Table IV in the Data Supplement).

Clinical Outcomes by Fourth Universal 
Definition of MI at Presentation
Clinical events over 12 months follow-up by classification 
of myocardial injury on the basis of the Fourth Universal 
Definition of MI determined at index presentation are de-
scribed in Table V in the Data Supplement. After adjust-
ing for age, sex, and coronary risk factors, presentation 
with all classifications of myocardial injury or infarction 
were associated with an increase in mortality compared 
with presentations without cardiac injury. However, par-
ticipants presenting with type 1 MI experienced a higher 
risk of recurrent MI and unstable angina that was not evi-
dent among participants who presented with myocardial 
injury not classified as type 1 MI. In contrast, participants 
presenting with acute injury, type 2 MI, or a chronic injury 
profile experienced a risk of subsequent rehospitalization 
for noncoronary cardiac diagnoses such as heart failure 
and arrhythmias, comparable with those with initial type 
1 MI. The hazard ratios of representation over 12 months 
by index diagnostic classification of troponin profile are 
described in Figure II in the Data Supplement.

DISCUSSION
Among patients presenting with suspected ACS, tropo-
nin testing is a cornerstone of risk assessment.13 This 
patient-level randomized evaluation of unmasked hs-
cTnT within a 0/1-hour protocol for the clinical assess-
ment of suspected ACS has previously supported the 
clinical safety of early discharge among patients with 
low and nondynamic hs-cTnT profile.7,14,15 However, by 
12 months, this study did not demonstrate an overall 
reduction in death or MI. When compared with care in-
formed by masked hs-cTnT, a modest increase in inva-
sive coronary angiography and a reduction in function 
testing were evident when low-level hs-cTnT concentra-
tions were unmasked and reported clinically. However, 
although there remains the substantial possibility that 

Table 3. Adjudicated Index Diagnosis, Troponin Profile, and 
Coronary Artery Disease Management by Study Arm in Par-
ticipants With Initial Troponin ≤29 ng/L

Clinical care characteristics

Standard 
protocol 
(N=1486)

0/1-h 
protocol 
(N=1507) P value

Functional testing within 30 d 150 (10.1) 106 (7.0) 0.003

Coronary angiogram within 30 d 47 (3.2) 70 (4.6) 0.037

Percutaneous coronary intervention 
within 30 d

13 (0.9) 30 (2.0) 0.010

Coronary artery bypass graft within 
30 d

1 (0.1) 4 (0.3) 0.18

Revascularization within 30 d 14 (0.9) 34 (2.3) 0.004

Coronary angiogram within 12 mo 124 (8.3) 168 (11.1) 0.010

Percutaneous coronary intervention 
within 12 mo

34 (2.3) 51 (3.4) 0.071

Coronary artery bypass graft within 
12 mo

9 (0.6) 13 (0.9) 0.41

Revascularization within 12 mo 43 (2.9) 62 (4.1) 0.07

Therapies after hospitalization

 P2Y12 inhibitor 135 (9.1) 168 (11.1) 0.06

 Statin therapy 517 (34.8) 519 (34.4) 0.84

 Other lipid-lowering agents 107 (7.2) 128 (8.5) 0.19

   Angiotensin-converting enzyme 
inhibitor or angiotensin-receptor 
blocker

537 (36.1) 547 (36.3) 0.93

 β-Blockers 305 (20.5) 312 (20.7) 0.90

Values indicate n (%). 
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the increase in all-cause death or MI in the 0/1-hour 
unmasked hs-cTnT arm is a chance finding, the influ-
ence of unmasked reporting on early cardiac assess-
ment strategies requires careful consideration and re-
evaluation in prospective randomized studies. Further, in 
a study cohort where ischemic changes were excluded 
on initial ECG, unmasked reporting of hs-cTnT concen-
trations did not increase the diagnosis of type 1 MI at 
index presentation. By excluding patients with obvious 
ischemia on ECG, this study may have targeted a patient 
group for whom there is little benefit associated with un-
masked troponin T testing. However, unmasking of tro-
ponin results in this cohort identified a large proportion 
of patients manifesting a chronic myocardial injury pat-
tern with substantial burden of recurrent cardiac events, 

most of which were not associated with MI. Overall, 
these observations suggest that although the improved 
diagnostic performance of high-sensitivity troponin test-
ing for evolving MI is useful for determining a large pro-
portion of patients for whom early discharge is safe, the 
influence of assays with superior diagnostic precision on 
subsequent clinical practice may not necessarily trans-
late to superior clinical outcomes. Systemwide deploy-
ment of high-sensitivity troponin will require considered 
evolution of subsequent cardiac testing strategies and 
may also identify opportunities to explore treatments 
for other forms of myocardial injury that are recognized 
with increased frequency, to prevent the burden of heart 
failure and arrhythmia-associated representations ob-
served among these patients.

Table 4. Primary and Secondary Outcomes at 12 Months in the Overall Intention-to-Treat Population

Outcome, all participants
Standard protocol 
(N=1632), n (%)

0/1-h protocol 
(N=1638), n (%) Hazard ratio (95% CI) P value

Primary end point, death or myocardial infarction 62 (3.8) 82 (5.0) 1.32 (0.95–1.83) 0.10

All–cause death 31 (1.9) 39 (2.4) 1.25 (0.91–1.72) 0.17

Cardiovascular death 12 (0.7) 9 (0.5) 0.75 (0.39–1.42) 0.38

Myocardial infarction (types 1, 2, 4a, 5) 33 (2.0) 47 (2.9) 1.43 (1.08–1.87) 0.011

  Acute myocardial injury with or without  
revascularization*

23 (1.4) 33 (2.0) 1.43 (0.99–2.07) 0.056

 Representation with chronic myocardial injury pattern 128 (7.8) 134 (8.2) 1.04 (0.76–1.43) 0.79

Cardiovascular death or myocardial infarction 44 (2.7) 54 (3.3) 1.23 (1.11–1.35) <0.001

Death, myocardial infarction and unstable angina 73 (4.5) 98 (6.0) 1.35 (1.04–1.74) 0.025

Cardiovascular rehospitalization† 64 (3.9) 65 (4.0) 1.01 (0.57–1.79) 0.96

Bleeding Academic Research Consortium 2, 3a, or 4 81 (5.0) 82 (5.0) 1.00 (0.80–1.27) 0.57

*All troponin T results >14 ng/L adjudicated according to the Fourth Universal Definition of Myocardial Infarction. A rise or fall pattern required 
a change troponin level of >20% and a rate of change arbitrarily defined as ≥3 ng/L per hour.

†Cardiovascular rehospitalization includes readmission for peripheral artery disease, cerebrovascular accidents, congestive cardiac failure 
without myocardial infarction, and atrial and ventricular arrhythmias.

Table 5. Primary and Secondary Outcomes at 12 Months in the Intention-to-Treat Population With an Initial 
Troponin ≤29 ng/L

Outcome, all participants
Standard protocol 
(N=1486), n (%)

0/1-h protocol 
(N=1507) n (%) Hazard ratio (95% CI) P value

Primary end point, death or myocardial infarction 34 (2.3) 55 (3.6) 1.60 (1.05 –2.46) 0.030

All-cause death 12 (0.8) 25 (1.7) 2.06 (1.27–3.34) 0.003

Cardiovascular death* 1 (0.1) 6 (0.4) 5.93 (0.87–40.33) 0.069

Myocardial infarction (types 1, 2, 4a, 5) 23 (1.5) 32 (2.1) 1.38 (1.15 –1.66) 0.001

Acute myocardial injury with or without revascularization† 17 (1.1) 19 (1.3) 1.10 (0.89–1.37) 0.38

Representation with chronic myocardial injury pattern 95 (6.4) 98 (6.5) 1.02 (0.76–1.36) 0.91

Cardiovascular death or myocardial infarction 24 (1.6) 36 (2.4) 1.49 (1.14–1.94) 0.003

Death, myocardial infarction and unstable angina 44 (3.0) 70 (4.6) 1.58 (1.30–1.92) <0.001

Cardiovascular rehospitalization‡ 46 (3.1) 48 (3.2) 1.03 (0.66–1.62) 0.89

Bleeding Academic Research Consortium 2, 3a, or 4 63 (4.2) 61 (4.0) 0.95 (0.69–1.31) 0.77

*Cardiovascular deaths: standard protocol (1 cerebrovascular accident); 0/1-h protocol: (1 cerebrovascular accident, 2 aortic aneurysm, 3 
acute coronary syndrome/sudden death.

†All troponin T results >14 ng/L adjudicated according to the Fourth Universal Definition of Myocardial Infarction. A rise or fall pattern required 
a change troponin level of >20% and a rate of change arbitrarily defined as ≥3 ng/L per hour.

‡Cardiovascular rehospitalization includes readmission for peripheral artery disease, cerebrovascular accidents, congestive cardiac failure 
without myocardial infarction, and atrial and ventricular arrhythmias.
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A large body of evidence now suggests that the likeli-
hood of evolving MI is low, and early discharge is safe 
among those with low troponin concentrations and non-
dynamic temporal profiles when using high-sensitivity 
troponin assays.2,14 However, although this allows for a 
resetting of the threshold for discharge, it also identifies 
a greater proportion of patients with an elevated troponin 
concentration, for whom a greater risk of recurrent car-
diac events is also observed.16 In those with modest tro-
ponin elevations, where care was informed by unmasked 
hs-cTnT, small increases in invasive coronary angiog-
raphy and revascularization and reductions in noninva-
sive cardiac investigative practices were observed. Such 
changes have been seen in other studies, but this did not 
translate to a reduction in death or MI at 12 months in 
this large patient-level randomized trial.9,17–19

Although this study did not demonstrate an excess 
of type 4 or type 5 MI, the shift in investigative strategy 
toward more coronary angiography among patients with 
an initial troponin concentration ≤29 ng/L was not asso-
ciated with a reduction in recurrent ACS or cardiovascu-
lar mortality. These data potentially lend further support 
to previous observations that invasive coronary investiga-
tions among patients with suspected ACS at low overall 
ischemic risk are not necessarily associated with a lower 
rate of recurrent ischemic events.17,20 These findings may 

also call for careful consideration in implementing cur-
rent ACS guideline recommendations, which advocate 
for early invasive management among those presenting 
with troponin elevation, because the evidence for this 
recommendation was acquired in an era of less sensi-
tive troponin assays, and thus thresholds for reporting 
elevated troponin were at higher concentrations.20–23

In addition, the reduction in functional testing in those 
with low-level troponin concentrations observed in this 
study suggests that the rule-out recommendation pro-
vided confidence in the exclusion of evolving MI/unstable 
angina and stable angina. However, although such rapid 
troponin testing protocols facilitate safe ED discharge, 
late outcomes evident within this study may also suggest 
an ongoing role for subsequent ambulatory testing for the 
diagnosis of latent coronary artery disease together with 
the initiation of preventative therapies. Such findings of 
inferior late outcomes associated with changes in care 
with the deployment of high-sensitivity troponin tests have 
been observed by others in the context of large-scale 
observational series.24 It is possible that a shift from func-
tional testing among higher-risk patients may account for 
some of the excess risk observed in this study.

These observations highlight the need for reconsidera-
tion of the investigative approaches for patients present-
ing with modestly elevated troponin concentrations.25,26 It 

Figure 2. Primary outcome and CV rehospitalisation at 12 months by randomization arm in the overall population and in those 
with an initial troponin ≤29ng/L. 
Kaplan-Meier event curves by masked and unmasked study arms for primary composite end point and cardiovascular rehospitalization in the 
overall population and patients with an initial troponin ≤29 ng/L. CV indicates cardiovascular; hs-cTnT, high-sensitivity cardiac troponin T; and MI, 
myocardial infarction.
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is possible that by uncoupling the diagnosis of CAD from 
the immediate impetus to revascularize, alternative initial 
investigative strategies such as computerized tomography 
coronary angiography may provide a more risk-appropriate 
approach to the investigation of those with low-level tro-
ponin elevations.27,28 Furthermore, with the deployment of 
unmasked hs-cTnT in the ED, this analysis highlights the 
disproportionate increase in patients presenting with a tro-
ponin profiles consistent with acute and chronic myocar-
dial injury compared with that of type 1 MI.16 Of particular 
note, although all forms of myocardial injury are associ-
ated with a greater risk of mortality and have a similar rate 
of noncoronary cardiovascular rehospitalizations over 12 
months, those presenting with type 2 MI and acute and 
chronic injury do not appear to experience a greater risk of 
acute coronary events in contrast with patients with type 
1 MI.29,30 Given the often high burden of competing risk 
among these patients, the risk/benefit balance of coro-
nary investigation requires further delineation.31

These observations represent an opportunity for the 
refinement of investigative work-up and highlight the 
need for more clinical research into the use of exist-
ing and emerging therapies among those with troponin 
elevations that are not a result of type 1 MI to prevent 
late cardiovascular morbidity and mortality. Establishing 
an evidence base for the treatment of these patients 
would realize the true promise of high-sensitivity tropo-
nin assays. Despite our need to transition to unmasked 
reporting of hs-cTnT in local clinical practice, translating 
increased precision in investigative testing into improve-
ments in patient outcomes may require more experi-
enced and sophisticated diagnostic resources within the 
ED setting. The real challenge for many health systems, 

however, is deployment of this expertise at scale. Inte-
grating health data with artificial intelligence techniques 
to better assimilate clinical information shows some 
promise in supporting early diagnostic decision-making, 
although prospective validation when embedded within 
clinical practice has yet to be demonstrated.32,33

Limitations
In this study, several limitations should be considered. 
First, although all recurrent events were adjudicated us-
ing unmasked hs-cTnT concentrations, when participants 
presented with recurrent events, clinicians at the point of 
care remained masked to troponin concentrations ≤29 
ng/L in both arms of the study. These perceived normal 
results may have led to fewer investigations and a lower 
rate of representations that met the trial’s cardiovascular 
event definitions. Although this reduces the power to de-
tect a difference in this study, it does not introduce bias 
between study arms. Second, observations among those 
within the masked range are exploratory and may be sub-
ject to type 1 error given the lack of difference in the over-
all study. Care and outcomes among these participants (ie, 
where there was an actual difference in the information 
afforded by hs-cTnT reporting) were clearly the primary in-
terest of the study, and were therefore prespecified and 
formed the basis of the initial sample size estimation. This 
analytic approach was made necessary because random-
ization occurred before any troponin results were clinically 
revealed, and therefore, the primary analysis focused on 
the intention-to-treat population. These participants con-
stituted >90% of the study population and remained bal-
anced between study arms for key clinical characteristics. 

Figure 3. Landmark analysis at 30 days by randomization arm in participants with an initial troponin ≤29ng/L. 
Landmark analysis up to 30 days and from 30 days to 12 months, showing increased risk of death or myocardial infarction (MI) in early and late 
follow-up in the 0/1-hour unmasked high-sensitivity cardiac troponin T (hs-cTnT) arm, among participants with an initial troponin T ≤29 ng/L.
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Furthermore, the persistent difference in adjusted analyses 
and the lack of difference in noncoronary cardiovascular 
events argues against, but does not exclude, a chance 
finding. Third, interpretation of the frequency of myocardial 
injury not attributable to type 1 MI is subject to the en-
rollment criteria and local investigative practices. Despite 
the large burden of secondary events and chronic injury 
representations, this study focused on patients presenting 
to EDs with suspected ACS where a 0/1-hour hs-cTnT 
protocol would have been expected to impact their clini-
cal management (ie, patients without obvious ischemia on 
initial assessment). Consequently, this study focused on a 
patient population with a lower likelihood of evolving ACS 
at initial presentation. The findings do not apply to patients 
with suspected ACS with clear ischemic changes on ECG, 
and therefore, the potential benefits of high-sensitivity tro-
ponin assays may not have been realized. Nevertheless, the 

cohort enrolled in this study represents a substantial vol-
ume of presentations; however, the selection criteria were 
likely to provide an underestimate of the true incidence and 
prevalence of myocardial injury in the community.

CONCLUSIONS
Among patients with suspected ACS randomized to un-
masked hs-cTnT troponin results in a 0/1-hour protocol, 
no reduction in death or MI was observed over 12-month 
follow-up. An excess risk observed among patients with 
troponin concentrations within the previously masked 
range warrants further study. Translating improvements 
in the performance of high-sensitivity troponin assays 
into improvements in patient outcomes may require re-
consideration of the downstream investigative and thera-
peutic strategies. Recognition of the persistent risk asso-

Table 6. Investigations, Management, and Clinical Outcomes by Triage Category Among Participants With Initial Troponin 
Concentrations ≤29 ng/L

Investigations and management

0/3-h masked 0/1-h unmasked

P value
≤29 ng/L 
(N=1486)

Rule-out 
(N=1182)

Observe  
(N= 270) Rule-in (N=42)

Length of stay, h 6.3 (4.8–18.3) 4.6 (3.5–7.6) 9.9 (5.1–32.5) 29.2 (7.8–54.7) <0.0001

Discharged from emergency department 511 (34.4) 626 (53.0) 79 (29.3) 7 (16.7) <0.0001

Functional testing within 30 d 150 (10.1) 61 (5.2) 36 (13.3) 7 (16.7) <0.0001

Coronary angiogram within 30 d 47 (3.2) 35 (3.0) 24 (8.9) 11 (26.2) <0.0001

Percutaneous coronary intervention within 30 d 13 (0.9) 11 (0.9) 13 (4.8) 6 (14.3) <0.0001

Coronary artery bypass graft within 30 d 1 (0.1) 1 (0.1) 2 (0.7) 1 (2.4) 0.0008

Revascularization within 30 d 14 (0.9) 12 (1.0) 15 (5.6) 7 (16.7) <0.0001

Coronary angiogram within 12 mo 124 (8.3) 98 (8.3) 52 (19.3) 18 (42.9) <0.0001

Percutaneous coronary intervention within 12 mo 34 (2.3) 23 (1.9) 20 (7.4) 8 (19.0) <0.0001

Coronary artery bypass graft within 12 mo 9 (0.6) 7 (0.6) 5 (1.9) 1 (2.4) 0.14

Revascularization within 12 mo 43 (2.9) 28 (2.4) 25 (9.3) 9 (21.4) <0.0001

Therapies after hospitalization

 P2Y12 inhibitor 135 (9.1) 94 (8.0) 58 (21.5) 14 (33.3) <0.0001

 Statin therapy 517 (34.8) 338 (28.6) 150 (55.6) 26 (61.9) <0.0001

 Other lipid-lowering agents 107 (7.2) 81 (6.9) 38 (14.1) 8 (19.0) <0.0001

  Angiotensin-converting enzyme inhibitor or angiotensin receptor 
blocker

537 (36.1) 364 (30.8) 147 (54.4) 28 (66.7) <0.0001

 β-Blockers 305 (20.5) 189 (16.0) 104 (38.5) 15 (35.7) <0.0001

Clinical outcomes

 Primary end point, death or myocardial infarction 34 (2.3) 26 (2.2) 26 (9.6) 3 (7.2) <0.001

 All-cause death 12 (0.8) 9 (0.8) 15 (5.6) 1 (2.4) <0.001

 Cardiovascular death 1 (0.7) 1 (0.8) 5 (1.9) 0 0.001

 Myocardial infarction (types 1, 2, 4a, 5) 23 (1.6) 17 (1.4) 13 (4.8) 2 (4.8) 0.006

 Acute myocardial injury with or without revascularization 17 (1.1) 12 (1.0) 6 (2.2) 1 (2.4) 0.345

 Representation with chronic myocardial injury pattern 95 (6.4) 18 (1.5) 72 (26.7) 8 (19.1) <0.001

 Death, myocardial infarction, and unstable angina 44 (3.0) 38 (3.2) 29 (10.7) 3 (7.1) <0.001

 Cardiovascular rehospitalization 46 (3.1) 20 (1.7) 26 (9.6) 2 (4.8) <0.001

Values indicate n (%) or median (interquartile range). Thirteen patients were unallocated because of hemolyzed or incomplete troponin sampling.
P values calculated using the Fisher exact test given the small event rates in some cells.
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ciated with modest troponin elevations among the many 
patients with presentations not attributable to type 1 MI 
represents an opportunity to explore strategies to impact 
future cardiovascular events.
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