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The European Society of Cardiology (ESC) guidelines recommend the use of high-sensitivity cardiac 
troponin (hs-cTn) 0-hour/1-hour algorithms in patients presenting with suspected non ST elevation myocardial 
infarction (NSTEMI) as Class I, Level B. This algorithm stratifi ed patients into three group including, rule-out, 
observe, and rule-in. The introduction of a time axis consisting of a relatively short time, 0-hour/1-hour, is worth 
mentioning in this algorithm. The specifi city and negative predictive value to rule-out of myocardial infarction 
(MI) was more than 95%, respectively. In prospective Asian study consist of around 400 patients with suspected 
NSTEMI, “elective” catheter intervention was performed on 13 patients in both rule-out and observe group. 
None of them had MI, or needed an urgent coronary angiography (CAG) within 30 days. Although there was two 
patients on whom CAG and percutaneous coronary intervention (PCI) were performed less than 7 hours after 
presenting to the emergency department (ED), they were classifi ed as moderate risk according to the Framingham 
Risk Score. The diagnostic performance for patients with suspected NSTEMI to combine the novel risk score 
with the algorithm would be much improved. The development of excellent assays was also key to establish the 
algorithm. The hs-cTn assay has limits of detection (LoD) approximately 10-fold lower than those of conventional 
assays, and their 99th percentiles are analytically very precise. After the emergence of the hs-cTn assays, rises in 
the cases of NSTEMI were accompanied by a reciprocal reduction in the percentage of patients diagnosed with 
unstable angina (UA). This excellent algorithm has a possibility to reduce ED crowding and unnecessary CAG.
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Introduction of High-Sensitivity 
Cardiac Troponin

Triage of emergency department (ED) patients 
with possible non ST elevation myocardial infarction 
(NSTEMI) remains one of the most challenging dilem-
mas in medical practice. The initial electrocardiogram 
(ECG) is non-diagnostic in up to 50% of cases of acute 
myocardial infarction (AMI).1 Furthermore, less than 
40% of patients admitted to coronary care units (CCUs) 

are diagnosed as with coronary ischemia.2 Patients 
with myocardial infarction (MI) erroneously sent home 
have approximately a 2-fold higher risk-adjusted 30-
day mortality than those hospitalized. However, it is 
not feasible or cost-effi cient to hospitalize all patients 
to rule out MI. Establishing an accurate diagnosis in 
patients with chest discomfort is crucial because erro-
neous discharge can lead to preventable AMI or sudden 
death.3,4 Recently, the European Society of Cardiology 
(ESC) guidelines recommended the use of high-sen-
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sitivity cardiac troponin (hs-cTn) 0-hour/1-hour algo-
rithms in patients presenting with suspected NSTEMI 
(Class I, Level B).5 The algorithm has immense poten-
tial for improving the detection of acute coronary syn-
drome (ACS), and may allow the identification of can-
didates for early discharge and outpatient management. 
In this review, we will focus on the following issues of 
such clinically relevant diagnostic research: (1) hs-cTn, 
(2) unstable angina (UA), and (3) ESC 0-hour/1-hour 
algorithm using hs-cTn.

High-Sensitivity Troponin
Guidelines for the definition of AMI were up-

dated in 2007 by both clinical (American College of 
Cardiology/ESC/American Heart Association) and 
biochemical (National Academy of Clinical Biochem-
istry) expert groups. These groups recommend the use 
of cardiac troponin (cTn) (type T or I) for the diag-
nosis of AMI.6,7 Evidence of myocardial necrosis has 
been defined as the detection of an increase in cTn 
with at least 1 value above the 99th percentile of a 
normal reference population. The guideline also stated 
that the assay used should have an optimal coefficient 
of variation (CV) of 10% at or below the 99th per-
centile decision limit for troponin.6,8 The sensitivity 
of conventional cTn assays is not as high at the time 
of patient presentation. It depends on the onset time 
of chest pain, and the assay takes 4–6 hours to change 
to a positive result for the diagnosis of patients with 
AMI. Therefore, newer generations of cTn assays 
now require not only improved analytical sensitivity 
but improved precision as well. The fourth-generation 
assays produced by Roche diagnostics use fragment 
antigen-binding fragments in conjunction with two 
mouse monoclonal antibodies, which recognize the 
125_131 and 135_147 amino acid positions in the 
central part of the cTnT molecule. The constant C1 
region in the monoclonal mouse antigen-binding frag-
ment was replaced with a human immunoglobulin G 
(IgG) C1 region.9 This mouse-human chimeric detec-
tion antibody can further reduce the susceptibility to 
interference by heterophillic antibodies. As a result, 
the sensitivity was improved by increasing the sample 
volume from 15 to 50 μL, increasing the ruthenium 
concentration of the detection antibody, and lower-
ing the background signal via buffer optimization. 
The high-sensitivity assays have limits of detection 
(LoD) approximately 10-fold lower than those of 
conventional assays, and their 99th percentiles are 

analytically very precise. The limit of blank (LoB) 
and LoD are 3 ng/L and 5 ng/L, respectively. There 
is no significant cross-reactivity with human skeletal 
muscle troponin types T, I and C. Reichlin et al. eval-
uated several hs-cTn assays, including the new Roche 
hs-cTnT, Abott-Architect TnI, and Simenes Toroponin 
I Ultra.10 The uniqueness of high-sensitivity assays 
lies in their ability to detect much smaller MIs or ear-
lier (less than 3 hours from the onset of the MI), both 
of which would be otherwise undetectable by conven-
tional assays. 

A Requiem for UA Pectoris
The term UA was introduced by Fowler in 

1971,11 and proposed by Braunwald et al. in a guide-
line published in 1994.12 There are three principal 
clinical presentations of UA including (1) resting an-
gina usually lasting more than 20 min, (2) worsening 
angina, and (3) new onset angina. In the absence of 
AMI, any one of these presentations was required for 
the diagnosis of UA. After the emerging of the use of 
troponins assays, ACS was divided into three groups: 
(1) STEMI, (2) NSTEMI, and (3) UA. In 2008, the 
World Health Organization (WHO) declared that new 
or worsening symptoms of ischemia (or changing 
symptom pattern) and ischemic ECG changes with 
normal biomarkers were required for the diagnosis of 
UA. After the emergence of the hs-cTn assays, tro-
ponin measurements became more sensitive and the 
population of patients diagnosed with NSTEMI began 
increase. As a result, the rises in the cases of NSTEMI 
were accompanied by a reciprocal reduction in the 
percentage of patients diagnosed with UA (Fig. 1).13 

 Braunwald and Morrow stated that “patients with 
ischemic heart disease will again be divided into the 
original 2 rather than 3 major groups.14 One group 
will be patients with angina pectoris, whose angina 
may be of widely varying severity and classified by 
the Canadian Cardiovascular Society system. The 
second group will comprise patients with AMI as de-
fined by the third universal definition, which includes 
the type of MI (type I, type II, etc.), the ECG changes 
(i.e., STEMI and NSTEMI), and the extent of myo-
cardial damage that is related to the magnitude of cTn 
release.” In fact, the prognosis of UA is good, and 
the ESC advises that patients with UA do not require 
admission to CCU for monitoring, or their discharge 
may be allowed without the performance of urgent 
coronary angiography (CAG).5 Given the faces, it 
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may be deemed appropriate for the term of UA to be 
changed to “non-unstable” angina. 

Diagnostic Strategy of Using 
0-Hour/1-Hour Algorithm

Notably, another challenge presented itself. The 
development of assays with excellent sensitivity caused 
an increase in the rate of false positives (lack of spec-
ifi city) or detected biological variability depending on 
the age and gender.15,16 The population prevalence of 
elevated hs-cTn is 1% among individuals aged 40 years 
old vs. 5.2% for those if 65 years old. This problem 
attributes to the defi nition of a “normal reference pop-
ulation” as most assays cannot truly define the value 
for a “normal reference population.” For the selection 
to be defi nitive, which medical device should be used 
to demonstrate “normal reference”? Should it be an 
imaging study, such as cardiac magnetic resonance, 
computed tomography, or an echocardiogram? Do a 
normal physical exam, absence of cardiac history and 
normal natriuretic peptide lab values not qualify as 
falling within the “normal reference.” As previously 
mentioned, the level of troponin changes depending 
on gender, age, and ethnically therefore, each group 
should be evaluated using some types of device. Such 
an approach would be very costly. If decile age range 

and gender dependence are defined, the biomarkers 
may not be useful because of their impracticality. Re-
ichlin et al. conducted the Advantageous Predictors 
of Acute Coronary Syndrome Evaluation (APACE) 
study. At an ESC meeting in 2017, he reported that this 
cohort is growing, and presently around 4,000 patients 
are followed up in 12 EDs in 5 countries. Using this 
cohort, the first paper explaining the 0-hour/1-hour 
algorithm was reported.17 They investigated 1,247 con-
secutive Caucasian patients who presented to the ED 
with suspected of NSTEMI from 2006 to 2009. Their 
symptoms began last within 12 hours of presentation. 
Patients with chronic kidney disease on hemodialysis 
and those with STEMI were excluded. The authors 
obtained blood samples and recorded an ECG at the 
time of the patients’ presentation to the ED, and at 1, 2, 
3, and 6 hours after presentation. After centrifugation, 
samples were frozen at -80°C until they were assayed 
in a blended fashion. Using 436 patients randomly se-
lected from 872 with suspected NSTEMI from whom 
baseline and 1-hour hs-cTn samples were obtained, 
they created algorithms incorporating baseline thresh-
olds and thresholds for the rise of hs-cTn from baseline 
to 1 hour for both MI rule-in and rule-out. The final 
rule-out algorithms demonstrated sensitivity and nega-
tive predictive value (NPV) at 100%: baseline threshold 
of less than 12 ng/L and an absolute change of less than 
3 ng/L. Applied in another 436-patient validation co-
hort, a defi nite diagnosis was made in 72% of patients. 
The rule-out algorithm demonstrated 100% sensitivity 
and NPV, and the rule-in algorithm demonstrated 99% 
specificity and 91% positive predictive value (PPV), 
misclassifying 5 patients as having had MIs and classi-
fying 23 MIs into an “observation zone,” 123 patients 
met neither rule-in nor rule-out criteria. It is important 
to note that cut-off value and absolute value were not 
sensitive to gender, age, or time from symptom onset.  
This algorithm was followed by multicenter validations 
in Europe and across 3 continents.18 As an external 
variation study, Pickering et al. performed an analysis 
using 5 cohort studies from 3 counties (Australia, New 
Zealand, and Canada), and they found similar results; 
rule-out sensitivity of hs-cTnT was 97.1% (95% confi -
dence interval [CI]: 94.0%–99.8%), and rule-in speci-
fi city was 94.6% (95% CI: 93.4%–95.5%).19 From the 
APACE study, Nestelberger et al. followed the 2-year 
prognosis of 523 patients admitted in an observational 
zone.20 Although non-cardiac disease was most com-
mon (46%) in this group, there were still 15% and 24% 

c-TnT hs-TnT
Fig. 1. Effect of the use of high-sensitivity troponin 

T (hs-TnT) instead of conventional troponin T 
(c-TnT) on the prevalence of unstable angina 
(UA) in the Protective effect of Rosuvastatin 
and Antiplatelet Therapy On (PRATO) trial. In 
the PRATO trial, there were 16.7% of patients 
with UA who were identified using conventional 
troponin T. However using a high-sensitivity 
assay reduced the population to 7.3%.

NSTEMI: non ST elevation of myocardial infarction; STEMI: ST 
elevation of myocardial infarction.
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of patients with AMI and UA, respectively. Additional, 
they were 59 deaths and 36 futures AMI that occurred 
in 2 years. In this group, there were older, more often 
male, have atherosclerotic lesions including peripheral 
artery disease, stroke, and history of MI. Therefore, 
continuous and careful observation must be applied to 
patients assigned to these “observe groups.” Treatment 
may be more effective if physicians request should pa-
tients to visit the outpatient clinic for a while, and from 
there they can make a final diagnosis using coronary 
computed tomography angiography or perform a myo-
cardial perfusion scan for further examination. 

The Earlier, May Not Be the Better
In patients with NSTEMI or UA, the culprit ar-

tery is often patent, there is no ongoing transluminal 
ischemia, and the patients often has a good response 
to initial treatment.21 Although meta-analysis revealed 
that earlier intervention resulted in better outcome,22,23 
these data pose critical problems. Because it contained 
outdated, percutaneous coronary intervention (PCI) 
with stent was performed in only around 50–60% of 
patients, and optimal medical therapy, including statin 
or beta-blockers was inadequate. After the era of drug 
eluting stent, several studies revealed that early inter-
vention did not differ greatly from delayed intervention 
in preventing major advanced cardiovascular events 
in patients with NSTE-ACS (Fig. 2).24,25 The technol-
ogy of used in PCI is improving, and the evidence of 
medical therapy is also getting more sophisticated. 
With time, we need to change our perspective. Re-
cently, Shiozaki et al. reported the results of applying 
the 0-hour/1-hour algorithm using hs-cTnT in Asian 
cohorts (Japan and Taiwan).26 This was the fi rst publi-
cation involving attending physicians who made ten-
tative diagnoses according to the algorithm, stratified 
patients, and followed them for 30 days. Around 400 
patients with suspected NSTEMI were analyzed, and 
“elective” catheter intervention was performed on 13 
patients. None of them had MI, or needed an urgent 
CAG within 30 days. Although there was one patient 
in the rule-out group, and one in the observe group 
on whom CAG and PCI were performed 4 hours and 
7 hours after presenting to the ED, respectively, their 
symptom (chest pressure with cold sweat) was typical 
and they were classifi ed as moderate risk according to 
the Framingham Risk Score. Urgent CAG requires the 
deployment of not only physicians but also nurses and 
radiology technicians, resulting in increased medical 

costs. The 0-hour/1-hour algorithm using hs-cTn may 
demonstrate the benefi t of not rushing management of 
patients with NSTEMI more clearly.

Clinical Usefulness of Using 0-Hour/ 
1-Hour Algorithm

A physician with a low level of confidence in 
his/her level of diagnostic accuracy is likely to order 
excessive tests, whereas an overconfident physician 
may be likely to underestimate a patient’s concern. 
The 0-hour/1-hour algorithm using hs-cTn has been 
established from practical opinion in clinical sit-
uation. The introduction of a time axis consisting 
of a relatively short time, 0-hour/1-hour, is worth 
mentioning. The diagnostic performance using hs-
cTn has improved. As a result, ED crowding may 
be reduced, and unnecessary CAGs are less likely 
to be performed. Medical stuff may not be called in 
emergencies unnecessary, and medical costs would 
be reduced (Fig. 3).  However, it should be noted that 
the effectiveness of the diagnostic process depends on 
diagnostic accuracy and physician confi dence in that 
accuracy. It is of at most importance that every patient 

Fig. 2. Major cardiovascular events at one-month 
fol low-up compar ing early  vs .  de layed 
intervention. The Timing of Intervention in 
Acute Coronary Syndrome (TIMACS) study24 
compared less than 24 hours (immediate) 
group and the more than 36 hours (elective) 
group after randomization. The Acute Coronary 
Syndromes Randomized for an Immediate 
or Delayed Intervention (ABOARD)25 study 
compared an immediate group (average: 70 
min; interquartile rage [IQR]: 0.51–123) and an 
elective group (average: 21 hours; IQR: 18–25). 
Despite the substantial delay, we were unable to 
identify any difference in adverse outcomes.
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is included in the physician’s assessment. It is diffi cult 
to achieve diagnostic accuracy, especially in women 
and patients with diabetes who often do not complain 
of typical chest pain and may present with atypical 
symptoms.27 The algorithms should always be inte-
grated with a detailed clinical assessment and repeat-
ed ECG in patients with ongoing or recurrent chest 
pain. If these considerations are taken into account, 
the algorithm is likely to be an excellent algorithm for 
patients with suspected NSTEMI.

References
1. Zarling EJ, Sexton H, Milnor P Jr. Failure to diagnose 

acute myocardial infarction. Th e clinicopathologic experi-
ence at a large community hospital. JAMA 1983;250:1177-
1181. doi:10.1001/jama.1983.03340090033025

2. White LD, Lee TH, Cook EF, et al. Comparison of the 
natural history of new onset and exacerbated chronic 
ischemic heart disease. J Am Coll Cardiol 1990;16:304-
310. doi:10.1016/0735-1097(90)90577-C

3. Limkakeng A Jr, Gibler WB, Pollack C, et al. Combination 
of Goldman risk and initial cardiac troponin I for emer-
gency department chest pain patient risk stratification. 
Acad Emerg Med 2001;8:696-702. doi:10.1111/j.1553-
2712.2001.tb00187.x

4. Christenson J, Innes G, McKnight D, et al. A clinical 
prediction rule for early discharge of patients with 
chest pain. Ann Emerg Med 2006;47:1-10. doi:10.1016/
j.annemergmed.2005.08.007

5. Roffi   M, Patrono C, Collet JP, et al. 2015 ESC guidelines 
for the management of acute coronary syndromes in 
patients presenting without persistent ST-segment ele-
vation: task force for the management of acute coronary 
syndromes in patients presenting without persistent 
ST-segment elevation of the European Society of Cardi-

ology (ESC). Eur Heart J 2016;37:267-315. doi:10.1093/
eurheartj/ehv320

6. Th ygesen K, Alpert JS, White HD, et al. Universal defi ni-
tion of myocardial infarction. Circulation 2007;116:2634-
2653. doi:10.1161/CIRCULATIONAHA.107.187397

7. Morrow DA, Cannon CP, Jesse RL, et al. National 
Academy of Clinical Biochemistry Laboratory Med-
icine Practice Guidelines: clinical characteristics and 
utilization of biochemical markers in acute coronary 
syndromes. Clin Chem 2007;53:552-574. doi:10.1373/
clinchem.2006.084194

8. Wu AH, Apple FS, Gibler WB, Jesse RL, Warshaw MM, 
Valdes R Jr. National Academy of Clinical Biochemistry 
Standards of Laboratory Practice: recommendations for 
the use of cardiac markers in coronary artery diseases. 
Clin Chem 1999;45:1104-1121.

9. Giannitsis E, Kurz K, Hallermayer K, Jarausch J, Jaffe 
AS, Katus HA. Analytical validation of a high-sensitivity 
cardiac troponin T assay. Clin Chem 2010;56:254-261. 
doi:10.1373/clinchem.2009.132654

10. Reichlin T, Hochholzer W, Bassetti S, et al. Early diagnosis 
of myocardial infarction with sensitive cardiac troponin 
assays. N Engl J Med 2009;361:858-867. doi:10.1056/NE-
JMoa0900428

11. Fowler NO. “Preinfarctional” angina. A need for an 
objective definition and for a controlled clinical tri-
al of its management. Circulation 1971;44:755-758. 
doi:10.1161/01.CIR.44.5.755

12. Braunwald E, Jones RH, Mark DB, et al. Diagnosing 
and managing unstable angina. Agency for Health Care 
Policy and Research. Circulation 1994;90:613-622. 
doi:10.1161/01.CIR.90.1.613

13. Giannitsis E, Wallentin L, James SK, et al. Outcomes 
after planned invasive or conservative treatment strat-
egy in patients with non-ST-elevation acute coronary 
syndrome and a normal value of high sensitivity tro-
ponin at randomisation: a Platelet Inhibition and Pa-
tient Outcomes (PLATO) trial biomarker substudy. 
Eur Heart J Acute Cardiovasc Care 2017:6:500-510. 
doi:10.1177/2048872616641901

14. Braunwald E, Morrow DA. Unstable angina: is it time for 
a requiem? Circulation 2013;127:2452-2457. doi:10.1161/
CIRCULATIONAHA.113.001258

15. Mingels A, Jacobs L, Michielsen E, Swaanenburg J, 
Wodzig W, van Dieijen-Visser M. Reference population 
and marathon runner sera assessed by highly sensitive 
cardiac troponin T and commercial cardiac troponin T 
and I assays. Clin Chem 2009;55:101-108. doi:10.1373/
clinchem.2008.106427

16. Koerbin G, Tate JR, Hickman PE. Analytical character-
istics of the Roche highly sensitive troponin T assay and 
its application to a cardio-healthy population. Ann Clin 

Fig. 3. The benefit of the 0-hour/1-hour algorithm 
using high-sensitive cardiac troponin assays. 

ED: emergency department; CAG: coronary angiography.

急診醫學8(2)-02 Kenji.indd   51 2018/6/19   下午 05:23:26



Inoue et al.

52     Journal of Acute Medicine 8(2) 2018

Biochem 2010;47:524-528. doi:10.1258/acb.2010.010033
17. Reichlin T, Schindler C, Drexler B, et al. One-hour rule-out 

and rule-in of acute myocardial infarction using high-sen-
sitivity cardiac troponin T. Arch Intern Med 2012;172:1211-
1218. doi:10.1001/archinternmed.2012.3698

18. Mueller C, Giannitsis E, Christ M, et al. Multicenter eval-
uation of a 0-hour/1-hour algorithm in the diagnosis of 
myocardial infarction with high-sensitivity cardiac tro-
ponin T. Ann Emerg Med 2016;68:76-87.e4. doi:10.1016/
j.annemergmed.2015.11.013

19. Pickering JW, Greenslade JH, Cullen L, et al. Assessment 
of the European Society of Cardiology 0-hour/1-hour 
algorithm to rule-out and rule-in acute myocardial in-
farction. Circulation 2016;134:1532-1541. doi:10.1161/
CIRCULATIONAHA.116.022677

20. Nestelberger T, Wildi K, Boeddinghaus J, et al. Charac-
terization of the observe zone of the ESC 2015 high-sen-
sitivity cardiac troponin 0h/1h-algorithm for the early 
diagnosis of acute myocardial infarction. Int J Cardiol 
2016;207:238-245. doi:10.1016/j.ijcard.2016.01.112

21. Fuster V, Badimon L, Badimon JJ, Chesebro JH. The 
pathogenesis of coronary artery disease and the acute 
coronary syndromes (2). N Engl J Med 1992;326:310-318.

22. Mehta SR, Cannon CP, Fox KA, et al. Routine vs selec-
tive invasive strategies in patients with acute coronary 

syndromes: a collaborative meta-analysis of random-
ized trials. JAMA 2005;293:2908-2917. doi:10.1001/
jama.293.23.2908

23. Bavry AA, Kumbhani DJ, Rassi AN, Bhatt DL, Askari 
AT. Benefit of early invasive therapy in acute coronary 
syndromes: a meta-analysis of contemporary random-
ized clinical trials. J Am Coll Cardiol 2006;48:1319-1325. 
doi:10.1016/j.jacc.2006.06.050

24. Mehta SR, Granger CB, Boden WE, et al. Early versus de-
layed invasive intervention in acute coronary syndromes. 
N Engl J Med 2009;360:2165-2175. doi:10.1056/NEJ-
Moa0807986

25. Montalescot G, Cayla G, Collet JP, et al. Immediate vs 
delayed intervention for acute coronary syndromes: 
a randomized clinical trial. JAMA 2009;302:947-954. 
doi:10.1001/jama.2009.1267

26. Shiozaki M, Inoue K, Suwa S, et al. Utility of the 0-hour/1-
hour high-sensitivity cardiac troponin T algorithm in 
Asian patients with suspected non-ST elevation myocar-
dial infarction. Int J Cardiol 2017;249:32-35. doi:10.1016/
j.ijcard.2017.09.009

27. Chiariello M, Indolfi C. Silent myocardial ischemia in 
patients with diabetes mellitus. Circulation 1996;93:2089-
2091. doi:10.1161/01.CIR.93.12.2089

急診醫學8(2)-02 Kenji.indd   52 2018/6/19   下午 05:23:27


