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Abstract
Objectives: The aim of this study was to characterize the 
safety and efficiency of a strategy employing the limit of de-
tection (LoD) of high-sensitivity troponin T (hs-TnT) as a 
gatekeeper for coronary computed tomography angiogra-
phy (CCTA) in suspected acute coronary syndrome (ACS) pa-
tients in the emergency department (ED). Methods: We in-
cluded suspected ACS patients who underwent CCTA and 
were evaluated with hs-TnT. Patients were categorized as 
below the LoD and at or above the LoD. The primary out-
come was 30-day major adverse cardiac events (MACEs), de-
fined as all-cause mortality, ACS, or coronary revasculariza-
tion. Results: The study population consisted of 177 patients 

(mean age 55 ± 10 years, 50.3% women), and 16 (9.0%) pa-
tients reached the primary outcome. None of the patients 
died, while 13 had an adjudicated diagnosis of ACS, and 3 
underwent elective coronary revascularization. There were 
77 patients (44%) with an hs-TnT value below the LoD (MAC-
Es; n = 1 [1.3%]) and 100 (56%) with at or above the LoD lev-
els (MACEs; n = 15 [15%]). None of 67 patients with an hs-TnT 
value below the LoD and <50% stenosis on CCTA experi-
enced MACEs. Out of the 10 patients with an hs-TnT value 
below the LoD and ≥50% stenosis on CCTA, 1 patient under-
went elective percutaneous coronary revascularization. In 
patients with an hs-TnT value at or above the LoD, 74 pa-
tients had <50% stenosis on CCTA, and 2 patients (3%) were 
diagnosed with myocardial infarction without obstructive 
coronary artery disease confirmed on invasive angiography. 
Thirteen (50%) patients with an hs-TnT value at or above the 

The trial was registered at ClinicalTrials.gov (NCT01413282).

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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LoD and ≥50% stenosis on CCTA experienced MACEs (11 
ACS and 2 elective percutaneous coronary revasculariza-
tions). Conclusion: Our findings support that implementing 
the LoD of hs-TnT as a gatekeeper may reduce the need for 
CCTA in suspected ACS patients in the ED.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Patients with symptoms suggestive of an acute coro-
nary syndrome (ACS) are evaluated on a day-to-day basis 
in emergency departments (ED) worldwide [1–3]. Physi-
cians aim for an efficient diagnostic workup while main-
taining patient safety [2, 4]. High-sensitivity troponin T 
(hs-TnT) assay facilitates a more rapid and safe workup 
of suspected ACS patients [2, 5]. For this reason, many 
sites worldwide have transitioned to these new biomark-
ers. Recent cohort studies have suggested that using the 
hs-TnT assay’s limit of detection (LoD) as a cutoff per-
mits the early and safe discharge of a considerable num-
ber of patients, thereby reducing downstream testing and 
resource utilization [6, 7].

Coronary computed tomography angiography (CCTA) 
is a valuable noninvasive imaging modality that has shown 
to accurately rule out ACS in the ED in large randomized 
trials [8–11]. However, CCTA necessitates radiation ex-
posure to patients and requires certain logistic utilities in 
the ED. Implementing the LoD of hs-TnT as a gatekeeper 
for CCTA may provide a more efficient diagnostic work-
up, where CCTA can be reserved for a selected group of 
patients. The aim of this study was to characterize the safe-
ty and efficiency of a strategy employing the LoD of hs-
TnT followed by CCTA in the ED for the detection of 30-
day major adverse cardiac events (MACEs).

Methods

Patient Population
The multicenter randomized Better Evaluation of Acute Chest 

Pain with Computed Tomography Angiography trial compared a 
diagnostic strategy with early CCTA to standard optimal care in 
patients presenting to the ED with symptoms suggestive of ACS. 
The methods, including study designs, and inclusion and exclu-
sion criteria have previously been published [8]. In this secondary 
analysis, we included patients who underwent CCTA of diagnostic 
image quality and for whom a baseline hs-TnT  value was available. 
The study was conducted according to the principles of the Decla-
ration of Helsinki, approved by the local institutional review 
boards (reference number 2011-071). All patients provided writ-
ten informed consent. The trial was registered at ClinicalTrials.gov 
(NCT01413282).

High-Sensitivity Troponin T
Blood samples of each patient were obtained at the time of pre-

sentation to the ED. Cardiac troponin was measured with the 
fifth-generation Elecsys hs-TnT assay (Roche Diagnostics, Basel, 
Switzerland). The assay’s limit of blank is 3 ng/L, the LoD is 5 
ng/L, and the 99th percentile is 14 ng/L with a coefficient of vari-
ation ≤10% at 13 ng/L. In the current sub-analysis, we only used 
baseline troponin values. Patients were categorized into 2 groups 
as follows: (1) below the LoD (<5 ng/L) and (2) at or above the 
LoD (≥5 ng/L).

Coronary Computed Tomography Angiography
Image acquisition was performed on 64-slice or newer com-

puted tomography systems, using ECG-synchronized axial or spi-
ral scan protocols combined with radiation minimizing measures, 
depending on local practices, available technology, and patient 
characteristics. Results of CCTA were locally evaluated and re-
ported by certified radiologists with a minimum of 2 years of ex-
perience reading CCTA, thereby ensuring an expeditious workup. 
A combination of reconstruction methods was used, particularly 
the axial images and multiplanar reconstructions. The presence of 
coronary plaque and the degree of stenosis were visually assessed 
by eye-balling for each evaluable coronary segment. The degree of 
stenosis was divided on a patient level as nonobstructive coronary 
artery disease (CAD) (<50% stenosis) or obstructive CAD (≥50% 
stenosis), in line with the cutoff for consideration of invasive an-
giography in recent guidelines for patients with acute chest pain 
[12].

Clinical End Points
The primary outcome was MACEs at 30 days after discharge 

from the hospital, which was defined as all-cause mortality, ACS, 
or coronary revascularization. ACS was defined as acute myocar-
dial infarction (MI) or unstable angina according to the third uni-
versal definition of AMI [13]. MI with nonobstructive arteries 
(MINOCA) was defined as a MI, dependent on serial hs-TnT as-
sessment with at least 1 value above the 99th percentile, with non-
obstructive CAD on invasive coronary angiography (ICA) and no 
other clinically overt cause that could serve as an alternative diag-
nosis, based on ICA and echocardiography [14]. All clinical end 
points were adjudicated by 2 cardiologists who independently re-
viewed medical records of patients. Results of the CCTA were 
blinded to the cardiologists performing the event adjudication. 
Referral for ICA was at the discretion of the treating physician 
based on all available information, including the results of the 
CCTA.

Statistical Analysis
Continuous data are presented as mean ± SD or median (inter-

quartile ranges), and categorical data are presented as proportions 
(percentages). Differences between independent groups were 
compared using the independent samples t test for continuous 
variables, and Fisher’s exact test or the Pearson’s χ2 test for cate-
gorical variables. All statistical analyses were performed using 
MedCalc Statistical Software version 18.10 (MedCalc Software 
bvba, Ostend, Belgium) and SPSS version 24.0 (IBM, Armonk, NY, 
USA). All tests were 2-tailed, and a p value <0.05 was considered 
statistically significant.
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Results

A total of 177 patients had a baseline hs-TnT measure-
ment and a CCTA of diagnostic image quality and were 
eligible for inclusion. Baseline characteristics of included 
patients are shown in Table 1. The mean age was 55 ± 10 

years, and the proportion of women was 50.3%. Patients 
with hs-TnT at or above LoD were more often male and 
older. In patients with hs-TnT levels at or above the LoD, 
the median hs-TnT value was 7 [5–10] ng/L. The median 
time from symptom onset to the first blood draw was 3.0 
(2.0–12.0) h. None of the patients died within 30 days. 

Table 1. Baseline patient characteristics and outcomes at 30 days

Total 
(n = 177)

Hs-TnT <5 ng/L 
(limit of detection) 
(n = 77)

Hs-TnT ≥5 ng/L 
(n = 100)

p value

Mean age, years 55±10 51±9 58±10 <0.001
Women 89 (50.3) 47 (61.0) 43 (43.0) 0.012
Medication

Statin 45 (25.4) 18 (23.4) 27 (27.0) 0.58
Aspirin 31 (17.5) 13 (16.9) 18 (18.0) 0.85
Beta blocker 31 (17.5) 15 (19.5) 16 (16.0) 0.55
ACE inhibitor 18 (10.2) 7 (9.1) 11 (11.0) 0.68
Angiotensin receptor blocker 11 (6.2) 3 (3.9) 8 (8.0) 0.26
Calcium-channel blocker 12 (6.8) 6 (7.8) 6 (6.0) 0.64
Diuretic agent 23 (13.0) 9 (11.7) 14 (14.0) 0.65

Cardiovascular risk factors
Hypertension 75 (42.4) 32 (41.6) 43 (43.0) 0.85
Dyslipidemia 62 (35.0) 24 (31.2) 38 (38.0) 0.35
Diabetes mellitus 15 (8.5) 6 (7.8) 9 (9.0) 0.78
Smoking 63 (35.6) 30 (39.0) 33 (33.0) 0.41
Family history positive for CAD 81 (45.8) 44 (57.1) 37 (37.0) 0.008
Prior atherosclerotic disease 17 (9.6) 6 (7.8) 11 (11.0) 0.47

Blood pressure, mm Hg
Systolic 139.6±19.4 138.8±20.6 140.1±18.5 0.67
Diastolic 82.0±12.0 82.4±12.0 81.8±12.1 0.74
Ischemic ECG abnormalities 45 (25.0) 20 (25.9) 25 (25.0) 0.88

Risk scores
HEART score 4.0±1.5 3.7±1.3 4.3±1.6 0.005
GRACE score 84.0±24.0 80.7±24.1 90.7±23.1 0.006

Time from symptom onset to the first blood draw, h 3.0 (2.0–12.0) 3.0 (2.0–12.0) 3.0 (2.0–11.5) 0.74
Onset of symptoms below 3 h 47 (26.6) 20 (25.9) 27 (27.0) 0.88
CCTA assessment for CAD

Nonobstructive CAD No stenosis 88 (49.7) 47 (61.0) 41 (41.0)

0.021–49% stenosis 53 (29.9) 20 (26.0) 33 (33.0)
Obstructive CAD 50–69% stenosis 27 (15.3) 8 (10.4) 19 (19.0)

≥70% stenosis 9 (5.1) 2 (2.6) 7 (7.0)
Outcomes at 30 days

ICA 25 (14.1) 4 (5.2) 21 (21.0) 0.004
30-day MACEs 16 (9.0) 1 (1.3) 15 (15.0) 0.002
All-cause mortality 0 (0.0) 0 (0) 0 (0) ns
ACS 13 (7.3) 0 (0) 13 (13.0) 0.001
PCI 14 (7.9) 1 (1.3) 13 (13.0) 0.004

Values are mean ± SD, median (interquartile ranges), or n (%). ECG abnormalities are defined as Q-wave or ST–T-segment altera-
tions suggestive of ischemia; ACS, acute coronary syndrome; ACE, angiotensin-converting enzyme; CAD, coronary artery disease; 
CCTA, coronary computed tomography angiography; ECG, electrocardiogram; Hs-TnT, high-sensitivity troponin T; PCI, percutaneous 
coronary intervention; ns, nonsignificant; ICA, invasive coronary angiography; HEART, history, ECG, age, risk factors, and initial tro-
ponin; GRACE, The Global Registry of Acute Coronary Events; MACEs, major adverse cardiac events.
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Thirteen patients had an adjudicated diagnosis of ACS, 
and 3 patients underwent coronary revascularization for 
stable CAD within 30 days (Table 1).

Hs-TnT and CCTA
The results of CCTA showed that 141 (79.7%) patients 

had nonobstructive CAD, and 36 (20.3%) patients had 
obstructive CAD (Table 1). The MACEs rate in patients 
with hs-TnT below the LoD (n = 77; 44%) and at or above 
the LoD (n = 100; 56%) was 1.3% (n = 1) and 15% (n = 
15), respectively (Fig. 1). Below the LoD, 67 (87.0%) pa-
tients had nonobstructive CAD on CCTA, and 10 (13.0%) 
patients had obstructive CAD on CCTA. Out of the 67 
patients, with an hs-TnT value below the LoD and non-
obstructive CAD on CCTA, 0 patients were referred to 
ICA, and 0 patients had 30-day MACEs. Out of the 10 
patients, with an hs-TnT value below the LoD and ob-
structive CAD on CCTA, 4 patients underwent ICA, of 
whom 1 underwent elective percutaneous coronary re-
vascularization. The remaining 6 patients were not re-
ferred for ICA, as they were deemed to have lesions for 
which PCI was not indicated (e.g., distal branches or le-
sions in small side branches). These patients were dis-
charged from the ED and received further evaluation and 
medical treatment at the outpatient clinic.

At or above the LoD, 74 (74.0%) patients had nonob-
structive CAD on CCTA, and 26 (26.0%) patients had 

obstructive CAD on CCTA. Out of the 74 patients, with 
a hs-TnT value at or above the LoD and nonobstructive 
CAD on CCTA, 3 patients underwent ICA, of whom 2 
patients (3%) experienced MACEs within 30 days. Both 
patients had nonobstructive coronary artery disease on 
invasive angiography and were diagnosed as MINOCA. 
Out of the 26 patients, with an hs-TnT value at or above 
the LoD and obstructive CAD on CCTA, 18 (69%) pa-
tients were referred to ICA. Thirteen (50%) patients had 
a MACE within 30 days, of whom 11 patients were diag-
nosed with ACS, and 2 patients underwent elective per-
cutaneous coronary revascularization.

Discussion

In the current study, we explored the safety and effi-
ciency of a strategy employing the LoD of hs-TnT as a 
gatekeeper for CCTA in suspected ACS patients in the ED 
and report several important findings. First, no patient 
with a baseline hs-TnT value below the LoD had ACS 
within 30 days. Second, in the ED setting, it may be sen-
sible to omit performing CCTA regularly in suspected 
ACS patients with a baseline troponin value below the 
LoD, considering the low incidence of events. Third, pa-
tients with a baseline value of hs-TnT above LOD had a 
>10-fold higher incidence of 30-day MACEs. In this 

Acute chest pain 
patients 
(n = 177)

MACE = 16 (9.0%)

Baseline Hs-TnT

Coronary CTA

≥ Limit of detection
(≥ 5ng/L) 

(n = 100; 56%)
MACE = 15 (15%)

< Limit of detection
(< 5ng/L) 

(n = 77; 44%)
MACE = 1 (1.3%)

Non-obstructive 
CAD

(n = 67)
MACE = 0 (0%)

Non-obstructive 
CAD

(n = 74)
MACE = 2 (2.7%)

obstructive CAD
(n = 10)

MACE = 1 (10%)

obstructive CAD
(n = 26)

MACE = 13 (50%)

Fig. 1. Frequency of 30-day MACEs ac-
cording to baseline hs-TnT values and ste-
nosis severity on CCTA. Nonobstructive 
CAD was defined as <50% stenosis on 
CCTA, whereas obstructive CAD was de-
fined as ≥50% stenosis on CCTA. MACEs 
is defined as all-cause mortality, ACS, or 
coronary revascularization. CAD, coro-
nary artery disease; CCTA, coronary com-
puted tomography angiography; Hs-TnT, 
high-sensitivity cardiac troponin T; MAC-
Es, major adverse cardiac events; ACS, 
acute coronary syndrome.
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group, CCTA could accurately discriminate between pa-
tients with and without a coronary related condition.

Hs-TnT below the LoD
Several prospective studies have shown a promising 

role of a single baseline hs-TnT value to discriminate be-
tween patients with and without AMI [6, 7, 15]. Recently, 
investigators from the HISTORIC trial showed that an 
hs-TnT value below the LoD safely rules out the occur-
rence of cardiac death and AMI within 30 days, if the pa-
tient has had symptoms for at least 2 h [16]. The propor-
tion of patients with baseline hs-TnT below the LoD is not 
trivial, in our study approaching half of the population 
(44%), which is in line with previous studies [6, 7]. Only 
1 (1.3%) patient with an hs-TnT value below the LoD ex-
perienced an adverse event, namely an elective percuta-
neous coronary intervention. This was correctly identi-
fied by CCTA; however, because of the low incidence and 
questionable prognostic implications, it may be sensible 
to omit performing CCTA in the ED setting regularly in 
suspected ACS patients with a baseline troponin value be-
low the LoD. Further testing in an outpatient setting re-
mains an attractive option.

Several factors should be considered when using a sin-
gle baseline hs-TnT to discharge patients from the ED. 
First, considering the time dependency of troponin re-
lease, physicians should be cautious with the use of single 
baseline hs-TnT values for clinical decision-making in 
early presenters (<3 h of chest pain onset) as late increases 
in cardiac troponin can occur in these patients. Currently, 
in early presenters it is recommended to perform a second 
blood draw 3 h after symptom onset [16]. Second, the de-
cision for early discharge should not solely be based on 
troponin levels but on the whole clinical picture as tropo-
nins are only a part of the diagnostic workup for suspect-
ed ACS patients. Third, the use of validated rapid risk 
stratification tools, such as the history, ECG, age, risk fac-
tors, and initial troponin score [17], 2-h accelerated diag-
nostic protocol to assess patients with chest pain symp-
toms using contemporary troponins as the only biomark-
er [18], and Emergency Department Assessment of Chest 
Pain Score [19] pathways can aid the physician in the as-
sessment of suspected ACS patients. Patients can be dis-
charged safely if there are no alarming findings and other 
life-threatening conditions are excluded. The USA and 
Europe differ in the way that results for the Hs-TnT assay 
are reported in clinical practice. Per USA, Food and Drug 
Administration regulations results less than the limit of 
quantification (LoQ), which is 6 ng/L, are not reported in 
the USA. In our study population, 103 patients (58% of the 

total population) had hs-TnT levels below the LoQ, with 
a MACEs rate of 2.9% (n = 3), of whom all 3 underwent 
elective PCI. Thus, the MACEs rate would increase when 
using the LoQ instead of the LoD. Nevertheless, we believe 
that the safety of such a strategy would not be compro-
mised considering that none of these patients died or had 
an ACS within 30 days of discharge from the hospital.

Patients with Baseline Hs-TnT at or above the LoD
The first hs-TnT at the time of presentation enables 

early risk stratification, with a MACEs rate of 15.0% in 
patients with baseline hs-TnT at or above the LoD in our 
study. Implementing CCTA in patients with baseline hs-
TnT at or above the LoD enables further risk stratification 
as 50% of patients with obstructive CAD on CCTA expe-
rienced MACEs compared to 3% with nonobstructive 
CAD on CCTA (both classified as MINOCA) [13]. Inter-
estingly, no patient underwent coronary artery bypass 
grafting, which was most likely influenced by local revas-
cularization practice and partially due to sheer coinci-
dence. The introduction of high-sensitivity troponins has 
changed our perspective on MI as these new biomarkers 
quickly and more accurately detect acute myocardial in-
jury of various origins [20, 21]. More and more patients 
with elevated hs-TnT have nonobstructive CAD on inva-
sive angiography [22, 23]. Some of these are categorized 
as MINOCA, while others have a nonischemic reason al-
together for their elevated cardiac markers. Importantly, 
noninvasive imaging with CCTA is a trustworthy gate-
keeper, also in our study, to safely defer patients from in-
vasive angiography who do not need it.

Limitations
Several limitations should be mentioned. The current 

study is a secondary analysis of patients suspected of ACS 
that underwent CCTA in the ED, for which prior specific 
power analyses were not performed and should therefore 
be regarded as hypothesis generating. In the main Better 
Evaluation of Acute Chest Pain with Computed Tomog-
raphy Angiography trial, in and exclusion criteria were 
set to ensure a low-risk suspected ACS population with-
out any contraindications that prohibited them from un-
dergoing CCTA, which may affect the generalizability of 
these results to a real-world acute chest pain population. 
Furthermore, patients were enrolled in both community 
hospitals and tertiary medical centers, where patients 
may present with varying a priori risk of ACS, leading to 
a more heterogeneous study population. Quality control 
protocols for the hs-TnT assays used at the various sites 
during the study period were not at our disposal and may 
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have varied between these sites, thereby influencing our 
results. The study population consisted of patients in 
whom results of CCTA were used as part of their clinical 
workup which in turn might have introduced a workup 
bias. A substantial number of patients did not have a sec-
ond troponin blood draw, which prohibited us from per-
forming further meaningful analysis into the kinetics of 
troponin release in the entire population. In our study, a 
quarter of the patients presented to the ED within 2 h of 
symptom onset. A second sample should be retrieved in 
these patients 3 h after symptom onset, considering the 
time dependency of troponin release. While discharge 
seems feasible in patients with representative hs-TnT be-
low the LoD, further screening in an outpatient setting 
should be considered, where CCTA remains an attractive 
diagnostic option for selected patients.

Conclusion

Our results support that implementing the LoD of hs-
TnT as a gatekeeper in suspected ACS patients may re-
duce the need for CCTA in the ED. In our cohort of pa-
tients with a baseline hs-TnT value at or above the LoD, 
our findings indicate that CCTA may discriminate pa-
tients with and without a coronary related condition.
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