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Abstract
AIM: To identify the typical shape of the rise and fall 
curve of troponin (Tn) following the different types of 
myocardial infarction (MI). 

METHODS: We conducted a systematic search in 
PubMed and Embase including all studies which focused 
on the kinetics of Tn in MI type 1, type 4 and type 5. 
Tn levels were standardized using the 99th percentile, 
a pooled mean with 95%CI was calculated from the 
weighted means for each time point until 72 h. 

RESULTS: A total of 34 of the 2528 studies identified 
in the systematic search were included. The maximum 
peak level of the Tn was seen after 6 h after successful 
reperfusion of an acute MI, after 12 h for type 1 MI 
and after 72 h for type 5 MI. In type 1 MI there were 
additional smaller peaks at 1 h and at 24 h. After 
successful reperfusion of an acute MI there was a 
second peak at 24 h. There was not enough data avai-
lable to analyze the Tn release after MI associated with 
percutaneous coronary intervention (type 4).

CONCLUSION: The typical rise and fall of Tn is different 
for type 1 MI, successful reperfusion of an acute MI and 
type 5 MI, with different timing of the peak levels and 
different slopes of the fall phase. 
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Core tip: In this systematic review we aimed to identify 
the typical rise and fall of cardiac troponin (Tn) in the 
different types of myocardial infarction (MI). A total 
of 34 of the 2528 studies identified in the systematic 
search were included. The typical rise and fall of Tn 
is different for type 1 MI, successful reperfusion of an 
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acute MI and type 5 MI, with different timing of the 
peak levels and different slopes of the fall phase.
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INTRODUCTION
Myocardial infarction (MI) is the collective term for myo
cardial necrosis in the setting of myocardial ischemia[1]. 
There are many different conditions which can result in 
myocardial ischemia and subsequent MI. Currently, there 
are five distinct types of MI defined: Type 1 spontaneous 
MI related to atherosclerotic plaque rupture, type 2 MI 
secondary to an imbalance between oxygen supply 
and oxygen demand, type 3 MI resulting in death when 
biomarkers are not available, type 4a MI related to 
percutaneous coronary intervention (PCI), type 4b MI 
related to stent thrombosis, and type 5 MI related to 
coronary artery bypass grafting (CABG)[1].

For all different types of MI, excluding type 3, 
cardiac biomarkers are the cornerstone for diagnosing 
its occurrence. The preferred cardiac biomarker for the 
detection of myocardial damage is troponin (Tn)[1]. Tn 
(subtypes I en T) is part of the contractile apparatus of 
myocardial cells only and is therefore a highly specific 
biomarker for myocardial damage[1]. Elevated levels of Tn 
can be detected within 3-12 h after the start of ischemia 
and they reach a peak after 12-48 h[2]. However, as Tn 
is a structural component of myocardial cells, Tn levels 
will be elevated in patients with chronic heart conditions 
such as heart failure as well. Therefore, to distinguish 
between an acute MI and chronic cardiac disease, 
elevation of Tn alone is not specific enough. There needs 
to be a significant change in the level of Tn, i.e., a rise 
and/or a fall. In spontaneous MI a relative difference of 
more than 20% is considered a significant change[1]. 
More specifically, in spontaneous MI any level above the 
99th percentile is considered a rise[1]. The cut off levels 
according to the third universal definition for a typical 
rise in PCI associated MI (> 5 times 99th percentile) and 
CABG associated MI (> 10 times 99th percentile) are 
consensus based and not evidence based[1]. 

The typical rise and/or fall of Tn is thus crucial for 
the diagnosis of MI[1]. However, the exact shape of the 
rise and fall curve is largely unknown. Nevertheless, 
understanding the shape of the rise and fall curve would 
allow for better timing of Tn blood sampling in clinical 
practice and would improve diagnostic criteria per type of 
MI. The aim of this systematic review was to identify the 
typical shape of the rise and fall curve of Tn following the 
different types of MI. 

MATERIALS AND METHODS
Literature search
Medline (PubMed) and Embase were searched from 1966 
through October 2013 for publications. We used syno-
nyms and abbreviations for “rising”, “falling”, “changing”, 
“troponin” and “myocardial infarction” as keywords (See 
supplementary 1 for search strategies). Based on titles 
and abstracts, all studies evaluating Tn in MI were 
included. Different types of studies were eligible, for 
example cross sectional studies of patients with MI, 
cohort studies including patients with symptoms of 
cardiac ischemia, randomized controlled trials concerning 
treatment or diagnosis of MI and case control studies 
where the cases had MI. We included studies in patients 
with MI that focused on cardiac Tn, both TnI and TnT, 
and that reported at least two different Tn-values with 
at least one sample above the cut off level. Abstracts 
from conference proceedings, non-human studies, non-
English studies, and studies on animals, children, chronic 
conditions and cardiomyopathy were excluded. 

First, all titles and abstracts were screened for eligi
bility. Second, screening was extended to full text for all 
studies that where either marked as relevant or when the 
eligibility was unclear from screening titles and abstracts. 
Eligibility was determined using a standardized form 
containing the above mentioned criteria. 

The methodological quality of included studies was 
assessed by two observers (DvB and ML) and in case 
of doubt by a third observer (BvZ) using an adjusted 
QUADAS-tool[3] (see supplementary 2 for quality criteria). 
The selected items of the QUADAS-tool enabled us to 
examine potential sources of bias and variation[4]. The 
defined quality domains were; representativeness of the 
spectrum (i.e., the representativeness of the patients in the 
study for clinical practice), acceptable reference standard, 
acceptable delay between tests, partial verification 
avoided, relevant clinical information, uninterpretable 
results reported, and withdrawals explained. We did not 
calculate summary scores estimating the overallquality 
of included studies since it has been shown that their 
interpretation is problematic and may be misleading[5]. 

Data extraction took place using a specifically desi-
gned data extraction form. The two observers inde
pendently extracted raw data from the included studies 
to obtain information on Tn levels at different time points. 
Other elements that were extracted included the year of 
publication, the type of study, the research question, any 
subgroups, inclusion and exclusion criteria, the setting 
(e.g., emergency department, in hospital, post-surgery) 
and sample size. In addition, the proportion of patients 
with MI, the mean or median age of patients with MI, 
the proportion of males with MI, any comorbidities and 
the diagnostic criteria used for MI were obtained. Finally, 
test characteristics were extracted such as the type of 
Tn test, the 99th percentile/upper reference limit/cut off 
level of the Tn test, limit of detection, number of samples 
per patient and the sample time points in relation to the 
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event (e.g., admission, surgery). 
Data were considered missing if not explicitly mentioned 

in the text and if impossible to deduct the information 
directly from other information in the text. Discrepancies 
between the two observers were resolved by discussion.

Statistical analysis
Studies were divided into four subgroups based on the 
focus of the articles: Studies on type 1 spontaneous MI, 
studies that focused on successful reperfusion in the 
setting of an acute MI (where reperfusion was not initiated 
or its effect not evaluated), studies on MI associated with 
PCI (type 4a MI), and studies on MI associated with CABG 
(type 5 MI). Type 2 MI studies were not included in this 
systematic review as the etiology behind this type of MI is 
distinctly different.

In this review we aimed to address the general rise 
and fall of Tn and not the rise and fall of specific Tn tests. 
Therefore, all Tn levels that were obtained within 72 h 
were included in our analysis. If the timing of the samples 
was not specified, the study was excluded from analysis. 
If only one data source was available for a given point in 
time, we excluded this time-point from our analysis. 

For each time point up till 72 h we conducted the 
following procedure. For each study, we first determined 
the mean and standard deviation (SD) of the Tn values. 
If available, mean and SD as presented in the article was 
used. Alternatively, when only a median was available 
the mean was approximated. For articles with less than 
25 patients with MI, we used the formula of Hozo et 
al[6] to approximate the mean, for articles with 25 or 
more patients with MI, the median was used as the 
best estimate of the mean. Articles for which the mean 
could not be approximated were excluded from analysis. 
When the standard error (SE) was not available from the 
articles directly, it was calculated from SD, confidence 

interval (CI), or median absolute deviation. Articles for 
which the SE was not available nor could be calculated 
were excluded from the analysis.

Subsequently, in order to make the Tn levels from 
different studies comparable, all Tn levels were standar-
dized. Standardization was achieved by dividing the Tn 
levels by the 99th percentile of that particular Tn test. If 
the 99th percentile was not available, we used the upper 
reference limit (URL) or the cut off value for standardization. 
Studies that did not mention a 99th percentile or an URL or 
a cut off value for their Tn test were excluded from analysis. 

After standardization, results over studies were 
pooled as follows. Every study was assigned a weight 
according to the inverse of the variance (1/SE2). The 
weighted mean per article was calculated by multiplying 
the mean with the weight. The sum of all weighted 
means was divided by the sum of all weights to calculate 
a pooled mean for every timepoint. The SE per timepoint 
was calculated as follows: 1/(sum of the weights)0.5. 
From the pooled SE the 95%CI was calculated.

The pooled mean of the standardized Tn levels 
with the corresponding CI at different time points were 
analyzed and summarized using a graph. 

RESULTS
Search results
Our search resulted in 2528 potentially eligible studies 
(Figure 1). After screening titles and abstracts 2189 
studies were excluded. After reviewing and applying 
the in and exclusion criteria to the full text of the 
remaining 339 studies, 34 studies remained for analysis. 
There were 17 studies on type 1 spontaneous MI, 8 on 
successful reperfusion, 1 on MI associated with PCI (type 4), 
and 9 studies on MI associated with CABG (type 5). One 
study could be included in the analyses for both type 1 
MI and reperfusion. The baseline characteristics of the 
included studies are summarized in Table 1. 

Quality of the included studies
Table 2 describes the results of the quality assessment. 
Almost all studies avoided partial verification, worked 
with relevant clinical information and a representative 
spectrum of patients with MI. Very few studies reported 
uninterpretable results or explained withdrawals. 

Typical rise and fall of Tn
The pooled mean Tn level in type 1 MI showed an early 
first peak of 7.0 (95%CI: 6.0-8.0) at 1 h. This initial peak 
was followed by a maximum pooled mean Tn level of 84 
(95%CI: 82-86) at 12 h. A third small peak followed at 
24 h (2.7; 95%CI: 2.6-2.9) (Figure 2). Finally, there was 
a gradual fall of Tn.

The maximum pooled mean of Tn after successful 
reperfusion was at 6 h (1853; 95%CI: 1851-1855), 
another high peak followed at 24 h (1006; 95%CI: 
1004-1007) (Figure 3). Subsequently, there was a 
pronounced fall in Tn. The pooled mean Tn in type 5 MI 
associated with CABG raised the first 24 h, after which 

2528 studies

339 studies

52 studies

34 studies

Title/abstract
screening:

2189 studies
excluded

Full text screening:
287 studies 
excluded

Excluded from
analysis:

18 studies
excluded

MI: 17 studies1 RP: 8 studies1 PCI: 1 study CABG: 9 studies

Figure 1  Flow chart. 1Different data from one study has been included in 
both the MI and RP analysis. MI: Type 1 spontaneous myocardial infarction; 
RP: Successful reperfusion during an acute myocardial infarction; PCI: Type 
4 myocardial infarction associated with percutaneous coronary intervention; 
CABG: Type 5 myocardial infarction associated with coronary artery bypass 
surgery. 
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Ref. Year of 
publication

NO. of 
patients

Prevalence 
MI n  (%)

Males with 
MI n  (%)

Diagnostic 
criteria MI

Tn test Cut off level Type of cut 
off level

Time points measured 
from

Type 1: Spontaneous MI
Aldous et al[12] 2011   939   200 (21) NA Biomarkers HS-TnT (T)      (T) 0.014 μg/L (T): 99th Admission

ECG  HS-TnI (I)       (I) 0.028 μg/L (I): 99th

Imaging
Symptoms

Aldous et al[13] 2012   385     82 (21)   59 (72) Biomarkers TnI (I)     (T): 0.014 μg/L (T): 99th Admission
ECG HS-TnT (T)      (I): 0.028 μg/L (I): 99th

Imaging
Symptoms

al-Harbi et al[14] 2002     86     51 (59)   46 (90) ECG TnI             0.05 ng/mL 99th Admission
Symptoms

Apple et al[15] 2009   381     52 (13) NA ESC TnI            0.034 μg/ L 99th Admission
ACC

Bahrmann et al[16] 2013   306     38 (12)   23 (61) Biomarkers HS-TnT  14 ng/L 99th Admission
ECG

Imaging
Symptoms

Bertinchant et al[17] 1996   682   48 (7)   41 (85) WHO TnI       0.1 μg/L Cut off Admission
Biener et al[18] 2013   459 111 (3)   82 (74) WHO HS-TnT      14 ng/mL 99th Admission

UD
Bjurman et al[19] 2013 1504 1178 (75) 716 (61) Biomarkers HS-TnT   40 ng/L 99th Admission

ECG
Imaging

Symptoms
de Winter et al[20] 2000   131     131 (100) NA Biomarkers TnT       0.1 μg/L URL Symptoms

Symptoms
Falahati et al[21] 1999   327     62 (19) NA WHO TnT         0.20 μg/L Cut off Symptoms
Haaf et al[22] 2012   887   127 (14)   87 (69) Biomarkers HS-TnT (HT) (HT): 0.014 μg/L (HT): 99th Admission

ECG HS-TnI (HI)  (HI): 0.009 μg/L (HI): 99th

Imaging TnI (I)     (I:) 0.009 μg/L (I:) 99th

Symptoms
Lucia et al[23] 2001     82     42 (51)   32 (76) Biomarkers TnI           1.5 ng/mL URL Admission

ECG
Symptoms

Mohler et al[24] 1998   100     21 (21) NA Biomarkers TnT         0.1 mg/L Cut off Admission
ECG

Symptoms
Mueller et al[25] 2012   863   165 (21) 121 (73) UD HS-TnT   14 ng/L 99th Admission
Reichlin et al[26] 2011   836   108 (13)   73 (68) Biomarkers Hs-TnT (T)    (T): 0.014 μg/L (T): 99th Admission

ECG TnI-ultra (I)   (I): 0.04 μg/L (I): 99th

Imaging
Symptoms

Reichlin et al[27] 2013   840   120 (14)   81 (68) Biomarkers Hs-TnT (T) (T): 14 ng/L (T): 99th Admission
ECG HS-TnI (I) (I): 9 ng/L (I): 99th

Imaging (I) 9 ng/L (I): 99th

Symptoms
Wu[28] 2009     14       4 (29)       4 (100) NA TnI-ultra         0.04 μg/L 99th Admission
Successful reperfusion during acute MI
Abe et al[29] 1994     38     26 (68)   20 (77) ECG TnT           0.2 ng/mL URL Start treatment

Symptoms
Apple et al[30] 1996     25     17 (68) NA ECG TnI       3.1 μg/L URL Start treatment

Symptoms
Ferraro et al[9] 2012     87       87 (100)   68 (78) NA TnI-ultra         0.04 μg/L Cut off Before and after PCI
Ferraro et al[31] 2013   856   360 (42) 253 (70) Biomarkers TnI-ultra   40 ng/L 99th Before and after PCI

ECG
Symptoms

Mair et al[32] 1991   172     33 (18) NA WHO TnT       0.5 μg/L 99th NA
Ricchiuti et al[33] 2000     83     23 (28)  17 (74) WHO TnI       0.8 μg/L URL End of treatment
Tanasijevic et al[34] 1997     30     19 (63)  15 (79) NA TnI           0.6 ng/mL URL Admission
Tanasijevic et al[35] 1999   442   344 (78) 258 (75) NA TnI          0.4 ng/mL Cut off Before and after treatment
Type 4: MI associated with percutaneous coronary intervention
Reimers et al[36] 1997     80     5 (6) NA Biomarkers TnT       0.1 μg/L URL Before PCI and after

ECG
Imaging

Type 5: MI associated with coronary artery bypass grafting
Abdel Aziz et al[37] 2000     50     14 (28)    14 (100) Biomarkers TnT   10 μg/L Cut off Declamping

Table 1  Baseline characteristics of included studies

van Beek D et al . Typical rise and fall of troponin in myocardial infarction
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the Tn levels stabilized (Figure 4). The maximum pooled 
mean level of Tn was at 72 h (2.2; 95%CI: 1.8-2.6).

DISCUSSION
In this systematic review we identified the typical 
shape of the rise and fall curve of Tn following type 
1 spontaneous MI, after successful reperfusion of a 
spontaneous MI, and after type 5 MI associated with 
CABG. The different types of MI resulted in a different 
peak level of Tn at different time points followed by 
distinct fall phases. Understanding these variations of 
Tn kinetics could result in improvement of the specific 
diagnostic criteria per type of MI. 

It is remarkable that for type 5 MI we found the 
lowest pooled mean peak level of the different types 
of MI (2.2 compared to 84 in type 1 MI). This is in 
contrast with what one should expect when applying 
the third universal definition. In this definition for type 1 
MI the recommended cut off level is defined as the 99th 
percentile and for type 5 MI 10 times the 99th percentile 
is recommended[1]. First, the relative high levels of Tn 
that we found for type 1 MI may be the result of the use 
of high-sensitive Tn tests. Second, the peak level that we 
have found in our review for type 5 MI is considerably 
lower than the optimal cut off level for diagnosing type 
5 MI according to a previous published study (266 
times the URL)[7]. This could be due to the fact that 

ECG
Alyanakian et al[38] 1998     41       5 (12) NA ECG TnI       0.6 μg/L URL Start CPB

Imaging
Benoit et al[39] 2001   260     8 (3) NA Biomarkers TnI       0.6 μg/L URL Before OR, end of ECC 

ECG
Imaging

Fellahi et al[40] 1999   102     7 (7)    4 (57) ECG TnI           0.6 ng/mL Cut off Admission ICU
Katus et al[41] 1991     45       5 (11) NA ECG TnI         0.5 mg/L URL After surgery
Lim et al[42] 2011     28       9 (32)    7 (78) UD TnI-ultra          0.06 μg/L 99th End of surgery
Mair et al[43] 1994   119   10 (8) 9 ECG TnI (I)   (I): 0.10 μg/L (I): URL Declamping

TnT (T)  (T): 0.10 μg/L (T): Cut off
Thielmann et al[44] 2004     55       55 (100)   26 (74) Biomarkers TnI           0.5 ng/mL Cut off Declamping

ECG
Thielmann et al[45] 2005     94       94 (100)  67 (71) Biomarkers TnI       20 ng/mL Cut off Declamping

ECG

99th: 99th percentile; ACC: American College of Cardiology; CPB: Cardiopulmonary bypass; ECC: Extracorporeal circulation; ESC: European Society of 
Cardiology Criteria for MI; HS-TnI: High sensitive TnI; HS-TnT: High sensitive TnT; MI: Myocardial infarction; NA: Not available; PCI: Percutaneous 
coronary intervention; Tn: Troponin; UD: Universal definition of MI; URL: Upper reference limit; WHO: World Health Organization Criteria for MI.
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Figure 2  The pooled mean with confidence interval of standardized troponin for the different time points for type 1 spontaneous myocardial infarction. The 
number of articles per time point with a conventional Tn test/the number of articles with a HS-Tn test, and the number of test values (conventional Tn tests/HS-tests) 
are shown below the graph. Tn: Troponin; HS: High sensitive.
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many of the CABG studies included in our review used 
a cutoff point instead of a 99th percentile. Likely, these 
cut off points already take into account the expected 
higher levels of Tn after CABG. Since we used the cut 
off level for standardization of Tn if the 99th percentile 
was not available, this could explain the lower levels of 
standardized Tn in type 5 MI. In this systematic review 
we did not include patients without MI from the included 
studies; therefore we cannot make any claims regarding 
the optimal diagnostic cut off point. 

The recommended interval between two samples to 
rule MI in or out is 3-6 h[1]. Our results do not support 
this time interval. For type 1 we found an early first peak 
after 1 h, followed by a short fall phase. The second rise 
started at 6 h. This could mean that sampling at 3-6 h 
might be less optimal than sampling earlier. In type 5 MI 
the maximum level was at 72 h. Since we did not include 

any time points after 72 h, we do not know whether 
this is a peak level or that Tn will rise further. This could 
mean that Tn should be monitored for more than 72 h 
postoperatively. 

Only one study fulfilled the inclusion criteria focused 
on type 4 MI. We were therefore unable to analyze the 
typical rise and fall of Tn after type 4 MI. A review that 
focused on creatine-kinase M band (CK-MB) in type 4 
MI found high levels of CK-MB with a CK-MB level above 
10 × URL in 24% of the patients[8].

We found a very large mean peak level of Tn after 
successful reperfusion in acute MI at 6 h (1853), which 
is due to one study using a TnIultra test in combination 
with a low cut off level (0.04 μg/L)[9]. It is known that 
the high sensitive tests require a more pronounced 
change for the diagnosis MI. While the third universal 
definition defines a 20% change as significant[1], a rise 
of > 100% is needed for the high sensitive Tn test[10]. A 
different cut off level may also be needed for the high
sensitive tests.

This study has several limitations. First, our analysis 
of the typical rise and fall of Tn is not based on pooling 
individual patient data from different studies, which 
would allow for modeling entire biomarker trajectories, 
but on pooled estimates at different time points used 
in different studies. To take this into account we 
refrained from connecting estimates over time. It should 
however be noted that using individual patient data 
would be complex as well, given that the studies use 
a variety of time points; furthermore, the CIs around 
the pooled estimates are small, so it is rather unlikely 
that in a substantial number of patients the Tn pattern 
would be different. Second, we standardized the Tn 
levels preferentially by using the 99th percentile of Tn. 
However, the procedure of obtaining a 99th percentile of 
Tn tests is not uniform[11]. This could result in incorrect 
standardization and thus restriction of the generalizability. 
In addition, when the 99th percentile was not available 
we used the cutoff level. The argumentation for the 
chosen cutoff level was not always clear. However, the 
effect of this limitation seems minimal as it may affect 
the absolute levels of the standardized Tn, but not the 
Tn rise or fall. Third, the different studies used different 
criteria to define the baseline time point (0:00 h). These 
differences were more pronounced in type 1 MI than in 
type 5 MI articles. This makes the results of type 1 more 
difficult to interpret. Fourth, we only included studies that 
focused primarily on Tn levels during MI. This limited the 
number of included studies. However, the focus of this 
review was the typical rise and fall of Tn. The excluded 
studies measured Tn for a different purpose; the timing 
of the blood sampling and inclusion of the patients was 
therefore probably not optimal to evaluate the typical 
rise and fall of Tn. Fourth, Tn levels can be influenced 
by several patient related factors. For instance, impaired 
renal function is associated with higher Tn levels. 
Insufficient patient specific data was available to correct 
for such patient related factors. However, these factors 
are likely affecting the absolute levels of Tn and not the 

Ref.  1 2 3 4 5 6 7

Type 1: Spontaneous MI
Aldous et al[12] + ? - + + ? -
Aldous et al[13] + + + + + ? ?
al-Harbi et al[14] + ? + + + ? ?
Apple et al[15] + + + + + ? ?
Bahrmann et al[16] + + - + - ? +
Bertinchant et al[17] + + + + + ? ?
Biener et al[18] + + + + + ? ?
Bjurman et al[19] + + ? + + - ?
de Winter et al[20] + - + + + ? +
Falahati et al[21] + + ? + + ? ?
Haaf et al[22] + + - + + ? +
Lucia et al[23] + - ? + + ? ?
Mohler et al[24] + + + + + ? ?
Mueller et al[25] + + + + + ? ?
Reichlin et al[26] + + - + + ? ?
Reichlin et al[27] + + + + + + +
Wu[28] + + + + + ? ?
Successful reperfusion during acute MI
Abe et al[29] - + - + - ? -
Apple et al[30] ? ? - ? ? ? ?
Ferraro et al[9] - ? + + - - ?
Ferraro et al[31] + - ? + + ? ?
Mair et al[32] + + + + + ? -
Ricchiuti et al[33] + + + + ? ? ?
Tanasijevic et al[34] ? ? ? - ? - ?
Tanasijevic et al[35] - - - ? - + ?
Type 4: MI associated with percutaneous coronary intervention
Reimers et al[36] - + + + ? ? ?
Type 5: MI associated with coronary artery bypass grafting
Abdel Aziz et al[37] + - + + - ? ?
Alyanakian et al[38] + + + + - ? ?
Benoit et al[39] + + + + - ? ?
Fellahi et al[40] + - + + - ? +
Katus et al[41] + - + + - ? ?
Lim et al[42] + + + + - + +
Mair et al[43] - + + + + ? ?
Thielmann et al[44] + + + + + ? ?
Thielmann et al[45] + + + + + ? ?

Table 2  Quality of the included articles based on a modified 
QUADAS tool

MI: Myocardial infarction. 1: Representativeness of the spectrum; 2: 
Acceptable reference standard; 3: Acceptable delay between tests; 4: 
Partial verification avoided; 5: Relevant clinical; 6: Uninterpretable results 
reported; 7: Withdrawals explained information.
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shape of the rise-and-fall curve. Finally, we did not scan 
the reference lists or related studies identified by Medline 
from the retrieved studies, nor did we hand-search topic 
specific journals or conference proceedings. However, 
our study was not a systematic review focusing on 
diagnostic accuracy or a therapeutic effect, but merely on 
the kinetics of Tn. Since only studies that focused on the 
kinetics of Tn were included we considered that the risk 
of publication bias was low.

The results of this systematic review give insight in 
the typical rise and fall of Tn in different types of MI. This 
systematic review is a first step in understanding the 
similarities and differences in the Tn kinetics between the 
different types of MI. The different types of MI each seem 
to result in a unique rise and fall pattern of Tn. In the 
future this may allow for optimization of the diagnostic 
criteria per type of MI. Potentially, understanding the 
kinetics of Tn can also help in monitoring treatment effec-
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Figure 3  The pooled mean with confidence interval of standardized troponin for the different time points for successful reperfusion after acute myocardial 
infarction. The number of articles per time point with a conventional Tn test/the number of articles with a HS-Tn test, and the number of test values (conventional Tn 
tests/HS-tests) are shown below the graph. Tn: Troponin; HS: High sensitive.
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Figure 4  The pooled mean with confidence interval of standardized troponin for type 5 myocardial infarction associated with coronary artery bypass 
grafting. Time points with only one data source were excluded. The number of articles per time point with a conventional Tn test/the number of articles with a HS-Tn 
test, and the number of test values (conventional Tn tests/HS-tests) are shown below the graph. Tn: Troponin; HS: High sensitive.
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tiveness.

COMMENTS
Background
An important diagnostic tool for diagnosing myocardial infarction (MI) is monitoring 
for dynamic cardiac troponin (Tn) levels. Tn levels are expected to rise and fall 
in MI. However, the exact shape of the Tn curve in MI is unknown. It is also 
unknown whether the shape of this curve differs for different types of MI. The aim 
of this systematic review was to identify the typical shape of the rise and fall curve 
of Tn following the different types of MI.

Research frontiers
The use of Tn in diagnosing the different types of MI was described by Thygesen 
et al in 2012. For every type of of MI a cut off level and/or the minimum required 
change in Tn level is suggested for the diagnoses of that particular MI. 

Innovations and breakthroughs
An extensive systematic search was conducted to identify all articles concerning 
the kinetics of Tn in MI type 1, type 4 and type 5. Articles were screened for 
eligibility and data was extracted in a standardized matter independently by two 
of the authors. The Tn levels were standardized using the 99th percentile and a 
pooled mean with 95%CI was calculated for analysis of the results.

Applications
This review suggests that there are important differences in the kinetics of Tn 
in the different types of MI. Understanding these differences is important for 
optimizing the diagnostic criteria for these unique types of MI.

Terminology
Myocardial ischemia resulting in myocardial necrosis is called MI. In addition 
to type 1 spontaneous MI related to atherosclerotic plaque rupture, type 4 MI 
related to percutaneous coronary intervention and type 5 MI related to coronary 
artery bypass grafting are classified as distinct types of MI. Cardiac Tn is a 
sensitive and specific biomarker for myocardial ischemia.

Peer-review
In this systematic review, the authors presented an overview of the typical rise 
and fall of Tn stratified for the different types of MI.
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