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Abstract
European Society of Cardiology (ESC) 0/3-h algorithm using high sensitivity cardiac troponin (hs-troponin) is recommended to detect acute 
myocardial infarction (MI) for patients with acute chest pain. As hs-troponin may be less specific, we assessed the usefulness of coronary computed 
tomography angiography (CCTA) in addition to standard care for patients with acute chest pain. We investigated 695 patients who visited the 
emergency department for acute chest pain and performed serial hs-troponin T and CCTA. Obstructive coronary artery disease (CAD) on CCTA 
was defined as >=50% stenosis. The primary outcome was the occurrence of MI within 30 days. According to ESC 0/3-h algorithm, patients were 
categorized into rule-out (425, 61.2%), rule-in (155, 22.3%), and observe group (115, 16.5%). Eighty-one patients (11.7%) were diagnosed with MI. 
Two hundred ten patients had obstructive CAD on CCTA. The addition of obstructive CAD on CCTA to ESC 0/3-h algorithm improved the diagnostic 
accuracy for MI (area under the curve: from 0.85 to 0.911, p=0.003). Even for the rule-in and rule-out patients, the specificity (from 78.9% to 94.5%) 
and positive predictive value (from 32.1% to 62.8%) were significantly improved after the addition of CCTA to ESC 0/3-h algorithm. Half of the 
patients in the rule-in group did not undergo invasive coronary angiography based on CCTA findings without further MI events. CCTA added to the 
serial hs-troponin may improve the prediction of MI in patients with acute chest pain.
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Introduction
For the differential diagnosis of patients with acute chest pain and 

inconclusive electrocardiogram, serial test of high sensitivity cardiac troponin 
(hs-troponin) are currently used to rule-out myocardial infarction (MI) in 
emergency department(ED) [1]. However, hs-troponin can rise in the all event 
of cardiac damage in various situations, so even if hs-troponin rises, up to 
one-third do not have obstructive coronary artery disease (CAD) in invasive 
coronary angiography (ICA) [2,3]. Conversely, patients with acute chest pain 
and normal hs-troponin may have significant coronary artery disease at risk of 
future MI unless evaluated and treated [4,5].

Coronary CT angiography (CCTA) is a useful diagnostic modality in 
patients with chest pain, though it has controversial issues about radiation 
exposure, contrast media, and financial and technical feasibility [6,7]. CCTA 
is considered to be a consumptive test for low-risk patients with acute chest 
pain in some reports [8,9], while the other study reported that CCTA can reduce 
unnecessary ICA and diagnostic cost in patients suspected of CAD or MI 
[10,11]. Thus, we investigated whether the presence of obstructive coronary 
artery disease (CAD) on CCTA has additional efficacy to diagnose MI over 
a scenario of an European Society of Cardiology (ESC) 0/3-h algorithm [12] 
using the serial hs-troponin T. Moreover, we investigated whether CCTA can 

identify more patients with significant CAD requiring coronary revascularization 
in the era of hs-troponin.

Research Methodology

Design and population
Among patients who visited the emergency department of an academic 

university hospital due to acute chest pain, we consecutively enrolled the 
patients who were prescribed and implemented CCTA simultaneously with 
the second hs-troponin T assay after initial hs-troponin T assay. We initially 
collected 742 patients who underwent CCTA in the ED from February 2014 to 
August 2018 (Figure 1). We excluded those who never had any chest discomfort 
(n=44) and who presented with ST-segment depression of > 1 mm on the 
initial ECG (n=3). A total of 695 patients have finally included in this analysis, 
and none of the participants had any severe renal dysfunction (estimated 
glomerular filtration rate < 30 min/ml/1.73 m2) or any history of life-threatening 
contrast allergies. The study protocol was approved by the institutional review 
board of our hospital, and no informed consent was required.

Clinical risk assessment
For the risk stratification, we collected traditional risk factors such as age, 

sex, hypertension, diabetes, and current smoking for all patients. Moreover, 
we collected every parameter of the TIMI risk score, GRACE score for non-
ST elevation-ACS, HEART score and Emergency Department Assessment of 
Chest pain Score (EDACS) including the pain characteristics, hemodynamic 
status, ECG findings, the positivity of cardiac markers, and other associated 
conditions for atherosclerosis. We defined typical chest pain as radiating pain 
to the arms, shoulders, neck, and jaw or exertional chest pain, dyspnea, or that 
associated with diaphoresis [13,14].

Measurement of high sensitivity troponin T and application 
of ESC 0/3-h algorithm

The hs-troponin T (Roche Elecsys®) was tested when patients presented 
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at the ED and was repeated 3 hours later during the stay in the ED. The first 
and second results of the hs-troponin T assays in the ED were collected, and 
the differences, percentage of change, and time interval were evaluated. We 
classified the patients into three groups according to the ESC 0/3-h rule-out 
algorithm of the NSTE-ACS using hs-troponin (Figure 1). According to the 
fourth universal definition of myocardial infarction, the 99Th percentile of a 
healthy population on the hs-troponin T assay (0.014 ng/ml) was used as the 
cut-off value. A significant change in the serial troponin assays was defined 
as > 20% of the baseline value [12,15]. There were 27 patients with the first 
hs-troponin T exceeding five times of cut-off value which would determine 
early to receive ICA. For them, CCTA was implemented because they had 
inappropriate conditions for ICA immediately, such as high bleeding tendency 
or suspicion of active infection, and they classified as the same way. The 
laboratory data known to be associated with hs-troponin, such as the creatinine 
kinase-myocardial band (CK-MB), creatinine, hemoglobin, and high sensitivity 
C reactive protein (hsCRP) were also collected.

Image acquisition and data interpretation of the CCTA 
CCTA was performed with a modern CT scanner (SOMATOM Definition, 

Siemens Healthcare Forchheim, Germany) located in the ED. A beta-blocker 
(propranolol 40 - 80mg) was administrated to achieve heart rates of < 70 beats/
min, and sublingual nitro-glycerine was administered before the CCTA scan. 
All CCTA data were interpreted by three radiologists with at least four years 
of CCTA experience according to the guideline recommendation [16]. The 
coronary calcium score was calculated according to the Agatston’s scoring 
method. Major vessels were included in the reporting, and the lesions were 
classified into 5 categories for the stenosis severity (no visible stenosis - 0%, 
minimal stenosis – 1 ~ 49%, moderate stenosis – 50 ~ 69%, severe stenosis- 
70 ~ 99%, occluded - 100%). Then the reports were reviewed by cardiologists 

and the positive result of obstructive CAD on the CCTA was defined as a ≥ 
50% stenosis of the coronary arteries with a diameter of > 2.0 mm [17].

Study endpoint
The primary outcome was occurrence of MI within 30 days. The 

secondary outcomes included the rates of ICA and major adverse cardiac 
events (MACE) defined as the composite outcome of cardiac mortality, MI, 
and coronary revascularization within 30 days. The medical records, as well 
as the qualification of the national health insurance service for mortality, were 
thoroughly reviewed by two certified cardiologists and a dedicated research 
nurse. The diagnosis of myocardial infarction was based on the Fourth 
Universal Definition of myocardial infarction and was confirmed by source 
documents and adjudicated by two cardiologists independently [18]. Coronary 
revascularization included PCI and coronary artery bypass graft surgery, and 
coronary disease burden was quantified from the review of individual coronary 
angiograms. Patients who survived but did not return to our hospital system 
were assumed to be free of MI or coronary revascularization within 30 days 
[19] because most of them (94 of 100) were belong to the rule-out or negative 
CCTA group. 

Statistical analysis 
The baseline and biochemical characteristics were compared and 

summarized. A comparison of the categorical variables was performed using 
a chi-squared or Fisher's exact test and the Kruskal-Wallis test for continuous 
variables. We underwent the same analysis mentioned above for each triage 
group according to the ESC 0/3-h rule-out algorithm. We measured sensitivity, 
specificity, negative predictive value, and positive predictive value of the ESC 
0/3-h algorithm among patients of rule-out and rule-in group and compared 
to CCTA. We measured the model discrimination by obtaining the Harrell’s 

Figure 1. Study flow chart (N: Number of Patients; CCTA: Coronary Computed Tomography Angiography; Hs-Troponin T: High Sensitivity Cardiac Troponin T; ESC: European Society 
of Cardiology; NSTE-ACS: Non-ST Elevation Acute Coronary Syndrome; UNL: Upper Normal Limit Same As 99th Percentile of Healthy Controls; MACE: Major Cardiac Adverse Event).
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[20]. CCTA showed a better diagnostic accuracy for MACE than the initial 
hs-troponin [21] and coronary calcium score [22]. In our study, the accuracy 
of diagnosis of MI could be further improved by in addition to ECG and hs-
troponin in the ED. The reduction of unnecessary ICA by additional CCTA was 
consistent with previous study [10]. BEACON study found the CCTA is safe, 
requires less outpatient testing, and has a lower cost, but failed to prove the 
usefulness of CCTA to identify more patients with significant CAD requiring 
revascularization [8]. In our study, CCTA could find patients with significant 
stenosis and a low hs-troponin level, even though the incidence of MACE was 
similar and the proportion of high-risk patients is lower in our study than that in 
BEACON study. It may be because other non-invasive tests were allowed for 
the control group in the BEACON study. Besides, compared to another previous 
study [21], the incidence of obstructive CAD was higher in the negative hs-
troponin group (19.3% vs. 8.9%) but was lower in the rule-in and observation 
groups (46.3% vs. 61.9%) in this study. The different characteristics of our 
study population may explain our results different from other studies (Figure 2). 

A recent study suggested the diagnostic threshold of the hs-troponin 
based on the 99th centile derived from a healthy reference population may 
be too sensitive to increase the incidence of an MI without increasing adverse 
events [23]. The patients with initial hs-troponin T above the 99 percentiles 
could be considered at high risk for CAD, but only 30% had signs of CAD in a 
previous report [24], which is consistent to our results. We can also question 
whether we should perform ICA in all patients in the rule-in group where 
showed low diagnostic yield [25]. CCTA can be used as a guide in a practical 
strategy to avoid any unnecessary ICA and in an on-site ad-hoc PCI in clinical 
practice. The trade-off of the cost between the CCTA and a reduction in the ICA 
is already validated in two prospective randomized trials [26].

The rule-out group of ESC 0/3-h algorithm could be discharged and go for 
stress testing following the guidelines. However, in the current practice setting, 
not all patients are amenable to the stress testing and the patients’ adherence 
to non-invasive testing after discharge from the ED is low [27]. CCTA could find 
the patients with significant CAD in rule-out group of our study, which suggests 
that the evaluation for patients in the rule-out group is necessary. CCTA might 
allow them to be discharged safely with confidence as in the previous reports 
[6,7]. Even for those with non-obstructive CAD, a single CCTA test in the ED 
can provide information and be a guide for long-term medical therapy for a 
better outcome [28]. 

Limitations
This study is a single-centre observational study without comparing MACE 

with patients who did not undergo CCTA. The overall profile of the risk factors 

C-statistics for each model and comparing the difference between them. All 
statistical analyses were performed using SAS version 9.4 software (SAS 
Institute, Cary, NC).

Results

Baseline characteristics 
The baseline characteristics of the study population stratified by the 0/3-h 

ESC rule-out algorithm using the serial hs-troponin T assay. The mean age in 
the 695 patients was 58 years old, and 60% of the patients were male. The 
patients in the observation group were more likely to have diabetes mellitus, 
hyperlipidemia, a family history of CAD, a previous history of CAD, and a prior 
stroke. Also, the patients in the observation group had a higher baseline value 
of serum creatinine, hsCRP, CK-MB, hs-troponin T, and clinical risk scores than 
the other two groups. The prevalence of obstructive CAD on CCTA exhibited 
was higher in patients with the rule-in group (47.7%) and observation (48.7%) 
group than in those with the rule-out group (18.8%)(P < 0.001). There were no 
differences among the groups in the interval length of the serial hs-troponin T 
(mean 2.7 ± 2.3 hours). 

The 30-day clinical outcomes according to the ESC 0/3-h 
algorithm and CCTA 

Within 30 days, MI occurred in 81 patients (11.7%) consisting of 0% of 
patients in the rule-out group, 29% of patients in the rule-in group, and 31% 
of patients observe group. MACE occurred in 120 patients (17.3%) within 30 
days. The prevalence of MACE was highest in the rule-in group (31.9%) and 
lowest in the rule-out group (6.8%). Among patients with obstructive CAD in 
CCTA, 35% were diagnosed with MI, and more than half developed MACE, 
whereas only 1.4% and 1.9% of patients with negative CCTA results had MI 
and MACE within 30 days. 

Comparative predictive value of the CCTA beyond the ESC 
0/3-h algorithm

We compared diagnostic performance for MI between the ESC 0/3-h 
algorithm and ESC 0/3-h algorithm plus CCTA. Addition of obstructive CAD 
in CCTA to ESC 0/3-h algorithm improved the C-index for the prediction of 
MI (from 0.850 to 0.911, p=0.003) (Figure 2). Even excluding patients in 
observe group who are supposed to undergo additional tests, the addition of 
obstructive CAD in CCTA significantly improved the specificity (from 79.9% 
to 94.5%) and the positive predictive value (from 30.9% to 60.8%). CCTA 
had better performance for the prediction of MACE than ESC 0/3-h algorithm 
after excluding the observation group. (C-index 0.882 vs. 0.719, 95% CI of 
difference 0.112 – 0.215, p < 0.001). CCTA showed higher sensitivity, negative 
predictive value, and positive predictive value for the prediction of MACE than 
ESC 0/3-h algorithm after excluding the observation group.

Deferring invasive coronary angiography
Even in the rule-in group, less than half of the patients (74 of 155, 45.7%) 

had obstructive CAD on the CCTA. On the discretion of the cardiologist in 
charge, only 75 of 155 patients in rule-in group underwent ICA. MI or MACE 
within 30 days did not occur in any patients in the rule-in group who had no 
obstructive CAD on the CCTA and deferred the ICA.

Discussion
We demonstrated the additional CCTA to the ESC 0/3-h algorithm using 

hs-troponin significantly improved the prediction of a 30-day MI or MACE in the 
patients with acute chest pain visiting ED. Diagnostic strategies supplemented 
by early CCTA may not only increase the specificity and positive predictive 
value for the prediction of MI by reduction of unnecessary ICA but also identify 
more patients with significant CAD in these patients.

CCTA is considered as an excellent gatekeeper to rule-out acute coronary 
syndrome with a high negative predictive value [6,7]. CCTA was associated 
with better prediction power for MACE than various clinical risk scores alone 

Figure 2. Improvement in the prediction accuracy of myocardial infarction adding 
coronary computed tomography angiography. Area under curve increased from 0.850 
to 0.911 with 95% confidence interval of difference of 0.02 - 0.10 and p value of 0.003. 
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and incidence of obstructive CAD in our cohorts (30.2%) was much higher 
compared to the other CCTA trial for acute chest pain in low to intermediate-
risk patients [9]. We enrolled consecutive patients who presented with acute 
chest pain visiting ED without unequivocally positive results for ischemia after 
initial ECG and biomarker analysis.

Conclusion
Performing CCTA as an add-on test to ESC 03-h algorithm using the serial 

hs-troponin T may improve the prediction of MI and MACE in patients with 
acute chest pain in the ED. CCTA testing in patients with acute chest pain 
would reclassify low to intermediate risk patients and defer unnecessary ICA, 
thereby improving the utilization of hospital resources to focus on the patients 
with the highest risk.
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