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Since the introduction of the high-sensitivity cardiac troponin 
assays, the diagnosis of acute myocardial infarction without 
ECG abnormalities has undergone a transformation. This 
is clearly illustrated by a recent research paper by Mueller-
Hennessen and colleagues, which focused on the rule-in 
of patients for the diagnosis of acute myocardial infarction 
without consecutive measurements (1). At first sight, the 
scope of this study may seem to be at odds with the limited 
specificity of (small) cardiac troponin elevations (2,3), and 
the required rise or fall in cardiac troponin concentrations 
of most (traditional) diagnostic guidelines (4,5). However, it 
perfectly represents the trend of increasingly rapid clinical 
decision making in patients with suspected acute myocardial 
infarction. In addition, the study provides important 
evidence for the immediate rule in of patients with chest 
pain and high troponin values. In this Editorial, we reflect 
on the rapid rule-in and rule-out of acute myocardial 

infarction according to the recently introduced 0-/1-hour 
algorithm, its performance, and future challenges. 

Make it better—diagnosis of acute myocardial 
infarction in the high-sensitivity assay era

Before the introduction of high-sensitivity assays, time-
intervals of six to nine hours were required to detect a 
significant rise or fall in cardiac troponin levels, and thus 
to provide patients with a final diagnosis (6). Due to the 
introduction of increasingly sensitive assays, laboratories 
became able to detect and report cardiac troponin 
concentrations in the lower range, and to accurately 
distinguish small changes in serially measured cardiac 
troponin levels (7). This enabled further refinement in 
clinical decision making. First, it triggered the exploration 
of increasingly shorter time intervals between consecutive 
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measurements and the development of new, more rapid 
diagnostic algorithms. Second, as a consequence of the 
improved assays and consecutive ability to quantify cardiac 
troponin concentrations in the lower range, it renewed the 
interest in diagnostics based on a single cardiac troponin 
measurement at presentation (8). 

These evolutions are clearly evident in the international 
guidelines: In 2011, the fastest diagnostic algorithm in the 

guidelines of the European Society of Cardiology (ESC) 
contained a 3-hour interval between the first blood draw 
at presentation and the second, consecutive one. Four 
years later, in 2015, the updated version of these guidelines 
contained an even faster algorithm in which the time-
interval was reduced to one hour, and included cut-off 
values for rule-in and rule-out after a single blood draw at 
presentation (5,9) (Figure 1).

Include the higher—time is muscle

The rapid identification of patients with acute myocardial 
infarction offers major advantages, like fast transfer to a 
cardiology unit for monitoring and accelerated initiation of 
interventions (1,10). The 0-/1-hour algorithm of the 2015 
ESC guidelines includes two pathways for rapid rule-in: (I) 
direct rule-in if the cardiac troponin concentration is above 
an assay specific cut-off value [52 ng/L for both hs-cTnT 
(Roche Cobas) and hs-cTnI (Abbott Architect)], and (II) 
rule-in after a consecutive one-hour measurement after if 
the absolute change between the two serial measurements 
i s  above  an  assay  spec i f ic  cut-of f  va lue  [5  ng/L  
for hs-cTnT (Roche Cobas)) and 6 ng/L for hs-cTnI 
(Abbott Architect)] (5) (Figure 1). 

Several studies showed that accurate rule-in of myocardial 
infarction is feasible with the 0-/1-hour algorithm (positive 
predictive value 74–78%) (11-14). As a result of the use 
of the 0-/1-hour algorithm, approximately 70% of the 
patients with acute myocardial infarction can be ruled-
in following a second cardiac troponin measurement after 
one hour (Figure 2). However, even earlier rule-out, after 
a single blood draw at presentation, seems to be feasible 
in a substantial number of patients. Recently, Mueller-
Hennessen and colleagues examined the additional value of 
kinetic changes in patients presenting with highly abnormal 
cardiac troponin T concentrations at presentation. They 
demonstrated that serial cardiac troponin T measurements 
do not add incremental diagnostic value in patients with 
initial cardiac troponin concentrations >60 ng/L. In clinical 
practice this would mean that monitoring of kinetic changes 
for rule-in seems not to be required for approximately 7% 
of patients presenting with chest pain (22% of subjects with 
an actual acute myocardial infarction) (1). Despite the slight 
differences in cut-off value and population (the study by 
Mueller-Hennessen included both patients with or without 
ST-elevations on ECG), the results of this study are in 
support of the current guidelines that facilitate very early 
rule-in. 
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Figure 1 The 0-/1-hour algorithm of the 2015 ESC guidelines. 
This algorithm contains specific cut-off values for (A) high-
sensitivity cardiac troponin T (hs-cTnT) (Roche), and (B) high-
sensitivity cardiac troponin I (hs-cTnI) (Abbott). Patients who 
do not qualify for ‘rule-out’ or ‘rule-in’ require a further high-
sensitivity cardiac troponin assessment (e.g., 3 hours after 
presentation) (5). *, only applicable if chest pain onset >3 h.

Figure 2 Schematic overview of the allocation of patients with 
(red) or without (blue) acute myocardial infarction after serial 
cardiac troponin T or I measurements according to the 0-/1-hour 
algorithm of the 2015 ESC guidelines (15,16).
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Exclude the lower—prevent unnecessary waiting 

Only a minority of subjects, approximately 15–20%, that 
is evaluated at the emergency department because of 
chest pain does have an actual acute myocardial infarction 
(1,13,17). Since the majority of patients do not have an 
acute myocardial infarction, the rapid rule-out of these 
patients is of profound importance; it can overcome 
prolonged patient anxiety, unnecessary resource use and 
overcrowding in the emergency department (7,18-23). 
However, whereas a missed diagnosis of acute coronary 
syndrome is clearly associated with higher mortality, early 
rule-out is a delicate process that requires an extremely low 
miss-rate. This is reflected in a high sensitivity and high 
negative predictive value of the optimal cut-off values (24). 

The 0-/1-hour algorithm of the 2015 ESC guidelines 
contains two approaches for the rapid rule-out of patients: 
(I) Direct rule-out at presentation if the chest pain is 
present for more than three hours and the cardiac troponin 
concentration is below an assay-specific cut-off value [5 ng/L  
for hs-cTnT (Roche Cobas) or 2 ng/L for hs-cTnI 
(Abbott Architect)], and (II) rule-out after a consecutive 
measurement after one hour if both the initial cardiac 
troponin concentration and the absolute change between 
the two serial measurements are below assay-specific cut-
off values [respectively 12 and 3 ng/L for hs-cTnT (Roche 
Cobas) or 5 and 2 ng/L for hs-cTnI (Abbott Architect)] (5) 
(Figure 1). 

Using this algorithm, approximately 75% of all subjects 
without acute myocardial infarction can be ruled-out 
after one hour; a minority after a single blood draw at 
presentation and the majority following a consecutive 
measurement (Figure 2) (11,13,14). The negative predictive 
value of this approach was excellent (99.9–100%) in the 
original derivation cohort, but recently turned out to 
be slightly lower for troponin T (99.1%) in an external 
validation cohort (11). 

The fact that a significant number of subjects still have 
to wait an additional hour on the emergency department 
before they can be ruled-out triggered the exploration of 
alternative rule-out strategies. During the last couple of 
years, a substantial number of articles have been published 
that explored the possibilities of rule-out with a single blood 
draw at presentation. The use of higher cut-off values, 
like 5 ng/L for cardiac troponin T or 6 ng/L for cardiac 
troponin I, and the application of these values on both early 
and late presenters in these studies increased the number 
of direct rule-outs, but was often on the expense of the 

negative predictive value (15,25-29).

Do it faster—future strategies

Using the 0-hour/1-hour diagnostic algorithm, 70–75% 
of all patients can be ruled-in or rule-out after a second 
measurement at one hour (11,16). However, the quest to 
better and more efficient healthcare, keeps challenging us 
to develop even more rapid and safe diagnostic algorithms. 
There are several possible strategies to address this 
challenge. 

A first strategy for the further reduction of the mean 
time from presentation to diagnosis, focuses on the 
25–30% of subjects that remain in the observational zone 
after the second cardiac troponin measurement. The early 
implementation of additional biomarkers or modalities, 
like imaging or functional testing, in the diagnostic 
pathway needs further exploration in this particular group 
of patients (16).

Whereas a second measurement is indicated in a 
substantial number of patients, a second strategy involves 
the optimization of the cut-off values at presentation. 
However, some considerations on this approach merit 
attention. First, and most important: What is the price—the 
amount of false discharges or false initiations of treatments-, 
we are willing to pay for an overall shorter mean time from 
presentation to diagnosis. In order to obtain maximum rule-
in or rule-out with a high predictive value, the setting of 
cut-off values in cohort studies is often strongly driven by 
outliers (30). With the current approach, using only cardiac 
troponin T or cardiac troponin I, we seem to approach the 
limit of what is safely feasible. Second, considering rule-
out, we should be aware of the fact that some individuals 
with acute myocardial infarction, but without persistently 
elevated cardiac troponin levels who present early after 
chest pain onset may be missed when we apply higher cut-
off values for direct rule-out or when we apply cut-off 
values to all patients, early and late presenters (15).

In addition to the considerations above, a third strategy 
involves the further exploration of combinations of cardiac 
troponin concentrations with imaging and/or other (cardiac) 
biomarkers (25). 

Other approaches to shorten the mean time from 
presentation to diagnosis include shorter turnaround times 
in the emergency department and the laboratory (e.g., by 
the use of point-of-care-assays), and shorter time-intervals 
between consecutive measurements. However, it is not yet 
clear whether these approaches are achievable, profitable 
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and safe for use in clinical practice. 
Future research in the field of increasingly rapid 

diagnostics for acute myocardial infarction seems to be 
inevitable: Our work is never over (31).
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