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Abstract 
Acute myocardial infarction (AMI) is the most important cause of cardiomyocyte necrosis.  Cardiac troponin 

(cTn) T and I are structural proteins unique to the heart and have been used as the preferred cardiac biomarkers in the 
universal definition of myocardial infarction.  Cardiac troponins have demonstrated nearly absolute myocardial tissue 
specificity and high clinical sensitivity for myocardial ischemia.  The recent development of high-sensitivity cardiac 
troponin (hs-cTn) assays allows detection of very low levels of cTn.  The hs-cTn assays have improved the diagnostic 
accuracy and rapid detection of myocardial infarction.  Undetectable hs-cTn rules out AMI with a negative predictive 
value > 99% on emergency department admission.  The diagnosis of acute myocardial damage requires a significant 
change with serial hs-cTn testing.  Current consensus for rapid rule-in proposed a 20% increase within 3 to 6 hours 
when baseline cTn levels are elevated.  In addition, relative increases > 50% above the 99th percentile upper reference 
limit are found to be the diagnosis of AMI, in the case of negative baseline value.  Besides relative change, the absolute 
values of hs-cTn at emergency department presentation in patients with suspected AMI should be considered as 
important criteria in the differential diagnosis of the cause of cardiomyocyte damage.  Cardiac troponins provide both 
diagnostic and prognostic information in the setting of acute coronary syndrome (ACS).  Elevation of cTn in the 
absence of ACS should prompt an evaluation for non-thrombotic mechanism of increased cTn levels and direct 
management at the underlying cause. 
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บทคดัย่อ 
 ภาวะกลา้มเน้ือหวัใจตายเฉียบพลนั (acute myocardial infarction, AMI) คือสาเหตุท่ีสําคญัของการตายของกลา้มเน้ือหวัใจ  โทรโปนิน
หวัใจ (cTn) ชนิด T และ I เป็นโปรตีนท่ีมีความเป็นเอกลกัษณ์ในหวัใจ และนิยมใชเ้ป็นตวัตรวจสอบกนัอยา่งแพร่หลายในการตรวจภาวะกลา้มเน้ือ
หวัใจตาย โดย cTn มีความจาํเพาะต่อกลา้มเน้ือหวัใจสูง และมีความไวสูงในการตรวจภาวะหวัใจขาดเลือด  เม่ือเร็วๆน้ีไดมี้การพฒันาการตรวจหา cTn 
ท่ีมีความไวสูงซ่ึงสามารถตรวจหาปริมาณ cTn ในระดบัตํ่าได ้ วิธีการตรวจหา cTn ท่ีมีความไวสูง (hs-cTn assay) มีการพฒันาในเร่ืองของความถูกตอ้ง
และความไวในการตรวจภาวะกลา้มเน้ือหวัใจตาย การตรวจไม่พบระดบัของ cTn ทาํใหค้ดัแยกคนไขท่ี้ไม่อยูใ่นภาวะ AMI ได ้ซ่ึงใหค้วามเช่ือถือได้
มากกวา่ร้อยละ 99  การวินิจฉยัคนไขก้ลา้มเน้ือหวัใจตายเฉียบพลนัในคนไขแ้ผนกฉุกเฉิน ตอ้งการค่าท่ีมีการเปล่ียนแปลงของ cTn อยา่งมีนยัสาํคญัเป็น
ระยะๆ  วิธีการท่ีเป็นท่ียอมรับกนัในการตรวจ AMI อยา่งรวดเร็วคือ ระดบั cTn ท่ีเพิ่มข้ึนอยา่งนอ้ย 20% ภายใน 3 หรือ 6 ชัว่โมง เม่ือระดบั cTn สูงกว่า
ค่าท่ีถูกกาํหนดในตอนเร่ิมมีอาการ  ถา้ในกรณีของระดบั cTn ตํ่ากว่าค่าท่ีกาํหนดในตอนเร่ิมมีอาการ การเพิ่มข้ึนมากกว่า 50% เหนือระดบั 99th 
เปอร์เซ็นตไ์ทลข์องค่าอา้งอิงปกติกเ็พียงพอท่ีจะวินิจฉยัคนไข ้AMI  นอกจากดูการเปล่ียนแปลงระดบั cTn แลว้ การวดัค่า cTn ท่ีเป็นระดบัตวัเลขก็มี
ความสําคญัในคนไขใ้นแผนกฉุกเฉินท่ีสงสัยว่ามี AMI ซ่ึงวิธีการน้ีถูกพิจารณาว่าเป็นเกณฑ์ท่ีสําคญัในการแยกการวินิจฉัยสาเหตุของการบาดเจ็บ
กลา้มเน้ือหวัใจ cTn จึงใหท้ั้งการวินิจฉยั และการทาํนายกลุ่มของอาการโคโรนารีฉุกเฉิน (acute coronary syndrome, ACS) ระดบัท่ีเพิ่มข้ึนของ cTn ใน
คนไขท่ี้ไม่ปรากฏอาการ ACS ควรมีการพิจารณาเก่ียวกบัเร่ืองของภาวะท่ีไม่มีหลอดเลือดอุดตนัและ จดัการโดยตรงท่ีสาเหตุพื้นฐาน  
 
คาํสําคญั: ภาวะกล้ามเนือ้หัวใจตายเฉียบพลนั, กล้ามเนือ้หัวใจขาดเลือด, ตัวบ่งชีโ้รคหัวใจ, โทรโปนินหัวใจ, โทรโปนินชนิดความไวสูง 
_____________________________________________________________________________________________________________ 

1.  Introduction 
The recent guidelines in the third 

universal definition of myocardial infarction are a 
rise and/or fall of cardiac biomarker values 
combined with either clinical symptoms of 
ischemia, electrocardiographic changes (Thygesen  

et al., 2012a).  Myocardial infarction (MI) is the 
process of myocardial cell death caused by 
ischemia, or the perfusion imbalance between 
supply and demand within the coronary arteries as 
a result of an acute thrombotic process (Daubert & 
Jeremias, 2010).  Acute coronary syndrome (ACS) 
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refers to the group of clinical symptoms of 
myocardial ischemia.  ACS occurs from the 
erosion and rupture of a fibrous cap containing a 
lipid-rich atherosclerotic plaque that precipitates 
thrombus formation within the coronary artery 
(Hasson, 2005). 

Patients presenting with clinical 
symptoms of ischemia without evidence of 
myocardial necrosis detected by cardiac 
biomarkers are considered to have unstable angina 
(Anderson et al., 2007).  Patients having positive 
cardiac biomarkers and presenting with ischemic 
symptoms, with or without electrocardiographic 
ST-segment depression or T wave inversion, are 
considered to have non-ST elevation myocardial 
infarction (NSTEMI).  Further, patients presenting 
with new ST-segment elevation on the 
electrocardiogram (ECG) are diagnosed to ST-
elevation myocardial infarction (STEMI) 
(Anderson et al., 2007).  Myocardial infarctions 
(MIs) are classified into 5 types by the etiology of 
the ischemia (Thygesen et al., 2007).  Type I MI is 
caused by a primary coronary event such as the 
spontaneous rupture of an atherosclerotic plaque or 
dissection within the coronary artery resulting in 
STEMI or NSTEMI.  Type II MI associated with 
non-thrombotic conditions causing either increased 
oxygen demand or decreased oxygen demand 
supply such as in coronary artery spasm, coronary 
embolism, anemia, arrhythmia, hypertension, or 
hypotension, leading to myocardial ischemia.  
Type III MI is due to sudden unexpected cardiac 
death, including cardiac arrest often combined with 
symptoms of myocardial ischemia.  Type IV MI 
has two subtypes; a) MI associated with 
percutaneous coronary intervention, b) MI 
associated with stent thrombosis as documented by 
angiography or autopsy.  Type V MI is MI that 
associated with coronary artery bypass grafting. 

The diagnosis of acute myocardial 
infarction (AMI) requires the rise and/or fall of 
cardiac biomarkers as mention above.  Use of the 
classical cardiac biomarkers of aspartate 
aminotransferase (AST) lactate dehydrogenase 
(LDH) isozymes and creatine kinase MB (CK-
MB) has been reviewed (Apple, Jesse, Newby, 
Wu, & Christenson, 2007; Jaffe, Babuin, & Apple, 
2006; Vichaibun, 2004).  These enzymes have 
limitations in terms of their specificity and 
sensitivity.  Smooth muscle CK-MB may also 
appear in the blood with pregnancy and parturition 
(O’Brien et al., 2006).  In addition, CK-MB also 

constitutes 1%-3% of the creatine kinase in 
skeletal muscle and is present in a small fraction in 
other organs such as the small bowel, uterus, 
prostate and diaphragm (Robert & Sobel, 1973).  
Among many cardiac biomarkers, cardiac troponin 
(cTn) has demonstrated nearly absolute myocardial 
tissue specific and high sensitivity for myocardial 
ischemia (Morrow et al., 2007). 

Cardiac troponin I (cTnI) and cardiac 
troponin T (cTnT) are regulatory proteins that 
control the calcium-mediated interaction of actin 
and myosin, and specific for heart muscle.  
Detection of cTn in peripheral blood indicates 
cardiomyocyte damage (Twerenbold, Jaffe, 
Reichlin, Reiter, & Mueller, 2012).  As AMI is the 
most important cause of myocardial cell death, 
cTns are very important biomarkers for diagnosis 
of AMI.  This review describes the role of cTn for 
evaluating patients with suspected AMI and give 
information on how to clinically apply cTn. 

 
2.  Cardiac troponin (cTn) 

The troponin complex regulates the 
contraction of striated muscle.  Troponin is 
composed of three different components, which are 
troponins C, I and T.  Troponin was found to be 
separated into an activating factor and an 
inhibitory factor (Hartshorne & Mueller, 1968).  
Troponin C binds to calcium ion and troponin T 
binds to tropomyosin, thereby attaching the 
troponin complex to the thin filament.  Troponin I 
binds to actin and decreases troponin C affinity for 
calcium, thus inhibiting actin-myosin interactions 
(Antman, 2002).  Among three subunits (I, T and 
C), only cTnI and cTnT are expressed as cardiac 
muscle specific isoforms and are encoded by 
different genes in striated muscle (Parmacek & 
Solaro, 2004).  Whereas, the genes that code for 
the skeletal and cardiac isoforms of troponin C are 
identical, thus there are no differences in structure 
between them.  Assays that are based on high 
affinity antibodies and are specific for cTnT and 
cTnI are available. 

There are three different isoforms of 
troponin T encoded by individual genes in cardiac 
muscle, fast-twitch skeletal muscle, and slow-
switch skeletal muscle.  There is sequence 
homology between cTnT and skeletal muscle 
troponin T with a difference of 125 amino acid 
residues between fast-twitch skeletal muscle and 
cTnT which 56.6% shows homology.  There is a 
120 residue difference between slow-twitch 
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skeletal muscle and cTnT (58.3% homology) 
(Gaze & Collinson, 2008).  In the case of cTnI, 
human cTnI presents in cardiac muscle as a single 
isoform of 209 amino acid residues, with a 
molecular weight of approximately 23-24 KDa.  
There are three isoforms of cTnI, one is produced 
in cardiac muscle (cTnI), another in slow-twitch 
skeletal muscle, the other in fast-twitch skeletal 
muscle (Gaze & Collinson, 2008).  The overlap in 
sequences between cTnI and slow-twitch skeletal 
muscle is approximately 40% and less for fast-
twitch skeletal muscle.  From the information 
mentioned above, thus cTnT and cTnI assays have 
been developed by many manufacturers for 
detecting cardiomyocyte damage. 

 
3.  The development of cardiac troponin assays 

In previous reports, over 30% of patients 
with AMI do not have specific symptoms and up to 
70% of them may have normal or non-diagnostic 
ECG recoding (Pope et al., 2000).  The only use of 
ECG is often insufficient to diagnosis AMI.  ST 
deviation is non-specific and is observed in other 
conditions such as early repolarization patterns, 
acute pericarditis, left ventricular hypertrophy, left 
bundle brunch block, hyperkalaemia and the 
Brugada syndrome (Bassand, Hamm, Ardissino, 
Boersma, & Budaj, 2007; Pope et al., 2000; 
Thygesen et al., 2007; Wang, Asinger, & Marriott, 
2003).  Thus, cardiac troponins are helpful in 
clinical practice in identifying patients with acute 
coronary syndrome. 

A limitation of the earlier generations of 
cTn assays is that they cannot be detected during 
the first hours of AMI.  The diagnosis of AMI may 
require prolonged monitoring over 6-12 hours and 
serial blood sampling because there often is 
substantial ambiguity at the time of onset of any 
given ischemic event (Macrae et al., 2006).  The 
increasing morbidity and potentially mortality in 
AMI may occur from delaying in ‘ruling in’ AMI.  
Delaying in ‘ruling out’ AMI contributes to 
overcrowding in the emergency department 
(Twerenbold et al., 2012).  Conventional cTn 
assays have been improved with respect to 
analytical performance.  Assays with total 
imprecision at the 99th percentile ≤ 10% and 
measurable normal values below the 99th percentile 
in at least 90% of healthy individuals were 
classified as high-sensitive assay (Apple, 2009).  
Assays from several manufacturers are available 
for cTnI whereas, cTnT assays are still only 

produced by one manufacturer (Roche 
Diagnostics) that is clearly an advantage given the 
standardization issue associated with cTnI assays 
(Apple & Collinson, 2012). 
 Over the years the analytical sensitivity of 
cTn assays has been continuously improved and 
more recently a new generation of cTn assays has 
been introduced into clinical practice.  There are 
several new generations of assays for cTnT since 
the first generation used bovine cTnT as the 
reference material to the fourth generation which 
used a fragment antigen-binding (FAB) of two 
cTnT-specific mouse monoclonal antibodies in a 
sandwich format (Giannitsis et al., 2010).  The 
fourth generation cTnT assay is considered the 
standard assay for diagnosis AMI (Thygesen et al., 
2012b).  However, the fourth generation cTnT 
assay lacks adequate precision.  The new high 
sensitive cTnT (hs-cTnT) assay is modified from 
the fourth generation cTnT assay (Giannitsis et al., 
2010).  The detection antibody was genetically re-
engineered, the constant C1 region in the 
monoclonal mouse FAB fragment is replaced by a 
human IgG C1 region, leading to a mouse-human 
chimeric detection antibody (Giannitsis et al., 
2010).  This replacement was to reduce the 
susceptibility to interference by heterophilic 
antibodies.  From these modifications, hs-cTnT 
assay were significantly improved.  The limit of 
detection (LoD) was 0.003 ng/mL (3ng/L) and the 
99th percentile cut-off point was 0.014 ng/mL (14 
ng/L) as well as the coefficient of variation (CV) 
was 10% at 0.013 ng/mL (13 ng/L) (Giannitsis et 
al., 2010).  The hs-cTnT assay can detect more 
subtle elevations indicative of cardiac injury 
because of lower LoD and an increased precision. 

The universal definition recommends the 
use of a more sensitive troponin assay with a CV 
of 10% at the diagnostic cut-off concentration 
representing the 99th percentile of a reference 
population as mention above.  The recently 
developed hs-cTnT assay is compatible with the 
criterion by having a lower CV and a lower LoD 
(Giannitsis et al., 2010). Aldous, Richards, Cullen, 
Troughton and Than (2012) reported that patients 
with chest pain who did not have ST segment 
elevation, the hs-TnT assay at a cut-off point of 
99th percentile (0.014 ng/mL) was highly sensitive 
for the diagnosis of AMI two hours after 
presentation compared with the standard assay.  
The improvement of early diagnosis of AMI in 
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patients is important because of the opportunity to 
extend early treatment options to all patients with 
AMI (Reichlin et al., 2009).   

The hs-TnI assay has also been improved 
the diagnostic ability in patients with AMI 
(Reichlin et al., 2009).  Second generation hs-TnI 
assay has been used for determination of the 
diagnostic accuracy for AMI.  The clinical 
sensitivity and specificity of the blood sample from 
patients with ischemic symptoms suggestive of 
ACS was 69% and 78% respectively, which 
improved to 94% and 81% respectively after 6 
hours presentation using hs-TnI assay (Apple, 
Pearce, Smith, Kaczmarek, & Murakami, 2009).  
Keller et al. (2009) demonstrated a different hs-TnI 
assay and found the clinical sensitivity of 90.7% at 
presentation with specificity of 90.2% and positive 
predictive value of 87%.  In addition, Reichlin et 
al. (2009) also demonstrated the superior 
diagnostic precision of multiple hs-TnT and hs-TnI 
assays for the detecting of AMI as compared to a 
standard conventional troponin assay, especially in 
patients presenting with symptoms onset within 3 
hours.  Several studies of hs-Tn assays have 
demonstrated a high level of accuracy for the early 
diagnosis of AMI including improvement of 
sensitivity.  The hs-Tn assays became widely 
available and cut-offs at the 99th percentile are 
consistently employed. 

 
4.  Acute myocardial infarction (AMI) with hs-
cTn assays and clinical application of the assays 

The rapid and reliable diagnosis of AMI 
is very important for making decision about 
appropriate therapy.  The hs-cTn assays allow the 
precise quantification of cardiomyocyte necrosis.  
Twerenbold et al. (2012) reported that AMI was 

not the only cause of myocyte necrosis, it was key 
to consider the absolute level as well as the change 
in cTn within 1-3 hours as important criteria in the 
differential diagnosis of the cause of 
cardiomyocyte necrosis (Figure 1).  The higher the 
absolute value of hs-cTn at emergency department 
presentation in patients with suspected AMI leads 
to the higher the probability of AMI (de Filippi et 
al., 2010; de Lemos et al., 2010; Thygesen et al., 
2010). The differential diagnosis of a small amount 
of myocardial injury resulting in mild elevation of 
cTn is broad and includes acute and chronic 
disorders.  The cTn has been reported as a 
quantitative variable.  Detectable levels become 
essential for interpretation.  The larger the rise in 
the cTn within the first hour in the emergency 
department leads to the higher in the probability 
that is caused by AMI (Twerenbold et al., 2012).  
In addition, serial changes documented by a 
second measurement help to differentiate acute 
cardiac disorders (showing a rise and/or fall) from 
chronic cardiac disease which usually shows 
constant cTn levels.  There is debate whether 
absolute or relative changes best separate acute 
from chronic cTn elevations, as well as AMI from 
other cause of cTn elevation.  White (2012) 
described the use of a criterion of 50% based on 
the biological variation of another hs-Tnc assay.  
Reichlin et al. (2011) reported the area under the 
receiver operating characteristic (ROC) curve for 
diagnosis of AMI was significantly higher for 2 
hours absolute comparison with 2 hours relative 
cTn changes.  The ROC curve-derived cut-off 
value for 2 hours absolute change was 0.007 µg/L 
for hs-cTnT and 0.02 µg/L for hs-cTnI.  From 
these data, absolute changes were superior to 
relative changes in patients with both low and 
elevated baseline cTn levels. 
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Guidelines recommend the use of the 
upper reference limit (URL) as medical decision 
limit even when it cannot be measured with a CV 
of < 10% (Jaffe, Apple, Morrow, Lindahl, & 
Katus, 2010).  Therefore, early sensitivities must 
be compared by using the 99th percentile URL as a 
medical decision limit for standard and hs-cTn 
assays.  Bonaca et al. (2010) reported that patients 
presenting with ACS, minor increases in cTn at 
99th percentile URL demonstrated a 3-fold higher 
risk of death and recurrent myocardial infarction in 
short-term follow-up at 30 days as well as also in 
long-term follow-up, with a 2.7-fold higher risk at 
12 months.  There are reports on sex-specific 
URLs which are higher for men than women for 
hs-cTn assays including the already commercially 
available hs-cTnT and hs-cTnI assay from Roche 
and Abbott Diagnostics (Apple & Collinson, 2012; 
Apple, Ler, & Murakami, 2012; Saenger et al., 
2011; Todd et al., 2007; Thygesen et al. 2012b).  
The use of hs-cTn assays is more important to 
evaluate cTn kinetics with serial testing in the 

clinical evaluation of chest pain patients 
(Hammarsten et al., 2012; Hamn et al., 2011).  
Blood sampling in patients with suspicion of AMI 
should be performed on admission and 3 hours 
after later.  In case of 3 hours unchanged cTn level, 
The measurement of hs-cTn should be repeated 6 
hours after admission in patients of whom the 
clinical suspicion of AMI is still high (Thygesen et 
al., 2012b).  There is the use of serial sampling 
over a short period of time in the diagnostic 
approach to AMI assessment in order to overcome 
the limitation of decreased sensitivity in the hs-cTn 
assays.  However, there is evidence suggesting that 
patients with an AMI can be reliably identified 
within 3 hours after admission with up to 100% 
sensitivity and up to 100% negative predictive 
value using a hs-cTn assay.  As a result, 
observation time may be reduced for the rule-out 
of AMI (Filusch, Giannitsis, Katus, & Meyer, 
2010; Mueller et al., 2012; Reiter et al., 2011).   
According to, the recommendation of using hs-
cTnT for diagnosis of AMI however, it has been 

Figure 1  The differential diagnosis of hs-cTnT levels is highly dependent on the absolute level. 
CHF, Chronic Heart Failure; CAD, Coronary Artery Disease; LVH, Left Ventricular Hypertrophy; PE, 
Pulmonary Embolism; SAB, Staphylococcus aureus bacteremia  (From: Twerenbold et al., 2012) 
 

 

Absolute levels of 

hs-cTnT (g/L) 

10  Very large AMI, myocarditis 

 

1  Large AMI,  myocarditis, Tako-tsubo, etc 

 

0.1  Small AMI, early large AMI, myocarditis, Tako-tsubo 

  PE, Shock, CHF, SAB, etc. 

 

0.05  Micro AMI, early large AMI, myocarditis, Tako-tsubo  

  PE, Shock, CHF, hypertensive crisis, SAB, stable CAD, etc. 

 

0.01  Stable angina, CHF, LVH, subclinical heart disease, etc. 

0.005  Healthy individuals 

0.014 
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suggested that some patients require at least 6 
hours for a diagnosis (Hammarsten et al., 2012).   

Figure 2 shows algorithm for the rapid 
evaluation of clinically suspected AMI with hs-
cTn testing (Thygesen et al., 2012b; White, 2010).  
It is important to note that hs-cTn changes over a 
3-6 hour period in patients presenting with 
subacute AMI may be < 20%.  The evaluation for 
rapid rule in proposes a 20% increase within 3 or 6 
hours when baseline cTn levels are elevated.  For 
values below or close to the 99th percentile URL, 
increases above the 99th percentile URL with 
relative increases > 50% within 3 or 6 hours, or 
absolute increases for hs-cTnT of > 7 ng/L within 
2 hours suggest a rising pattern and optimize the 
overall accuracy of AMI diagnosis (Reichlin et al., 
2011; Thygesen et al., 2012b).  Previous studies 
reported that evaluating serial changes using the 
hs-cTnT assay in pre-selected chest pain unit 
patients, suggested that increases above the 99th 
percentile URL with relative increases of > 250% 
over a 3 hours period in patients with baseline 
values < URL and increases > 50% with modestly 
increased baseline values optimize specificity for 
the diagnosis of AMI (Keller et al., 2011).  In 
addition, Reichlin et al. (2012) proposed a simple 
algorithm that allowed a reliable rule-out and rule-
in within 1 hour for the majority of these patients 
using baseline hs-cTnT values in combination with 
absolute -changes ( = Cmax-Cbaseline).  However, 
the time interval for sampling is essential for 
discriminating of acute from chronic reasons for 
increased cTn. 

The application of hs-cTn tests and the 
99th percentile as the decision limit for AMI lead to 
a substantial increase in the detection of patients 
with slightly elevated cTn levels.  Some groups of 
patients, such as elderly individuals and diabetic 
patients, may have increased baseline cTn 
concentrations because heart disease is commonly 
found in these patient groups (de Filippi et al., 
2010; de Lemos et al., 2010).  Mueller et al. (2012) 
suggested that it might be advisable to use a higher 
cut-point (about three-fold the 99th percentile 
URL) as a decision limit for AMI in patients with 
> 70-year-old.  Undetectable hs-cTn ruled out ACS 
with a negative predictive value > 99% on 
emergency department admission (Hammere-
Lercher et al., 2013). 

 
5.  Conditions with cTn elevation in patients not 
having an AMI 

It is important to note that an increased 
hs-cTn concentration alone is not sufficient for 
making the diagnosis of AMI (Thygensen et al., 
2012b). The elevation of hs-cTn must be 
interpreted in relation to the clinical presentation.  
An increase in cTn values can be associated with 
many diseases in the absence of ACS.  These 
elevations derive from pathogenic mechanisms 
other than thrombotic coronary artery occlusion, 
which require treatment of the underlying cause 
rather than the administration of antithrombotic 
and antiplatelet agents (Jeremias, & Gibson, 2005).  
Elevations above the 99th percentile URL with hs-
cTn assay are common in patients with structural 
heart disease (Table 1) including patients with 
stable coronary artery disease (Korosoglou et al., 
2011; Ndrepepa et al., 2011).  In addition, false-
positive troponin elevations can occur from 
hemolysis and assay interference with heterophilic 
antibodies (Tate, 2008).  However, non-specific 
blocking antibodies have been added to modern 
assays to eliminate interference resulting in 
preventing false-positive (Shayanfar, Bestmann, 
Schulthess, & Hersberger, 2008).  The small 
increase of hs-cTn levels can be detected in a wide 
range of non-ischemic clinical condition, acute and 
chronic, cardiac and extra-cardiac, such as 
pericarditis, myocarditis Takotsubo cardiomyopathy, 
tachyarrhythmias, heart failure, pulmonary 
embolism, stroke and septic (Table 1) (Agewall, 
Giannitsis, Jernberg, & Katus, 2011; Hamn, 
Giannitsis, & Katus, 2002). 

The cTn elevation is frequently observed 
in patients presenting with end-stage renal disease, 
even in the absence of manifestations of 
myocardial ischemia (Apple, Murakami, Pearce, & 
Herzog, 2002).  However, the mechanisms of cTn 
elevation in patients with renal diseases are also 
unresolved.  This may be the result of small areas 
of clinically silent myocardial necrosis, in addition, 
other causes, such as increased left ventricular 
mass and impaired troponin excretion have also 
been proposed (Antman, Grudzien, Mitchell, & 
Sacks, 1997; Diris et al., 2004; Ooi, Zimmerman, 
Graham, & Wells, 2001; Sharma et al., 2006).  
Elevated cTn has also been observed in patients 
with hypertension which is detectable in 78% of 
participants.  This may occur from apoptosis of 
cardiomyocytes which play an important role in 
compensatory hypertrophy due to hypertension 
(Sato, Yamamoto, & Sawa, 2011).  There is a 
report about patients with diabetes mellitus (DM), 
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the alterations in glucose metabolism which shift 
to fatty acid metabolism may occur during 
increased oxidative stress and may be an important 
mechanism underlying myocardial cell injury and 
leading to cTn elevation (Everett et al., 2001).  
Heart failure can lead to cTn release through both 
myocardial strain and myocyte death independent 
of myocardial ischemia.  Myocardial strain is a 
result of biventricular volume and pressure 
overload, causing excessive wall tension with 
resultant myofibrillary damage (Horwich, Patel, 
MacLellan, & Fonarow, 2003).  Moreover, 

Kusumoto et al. (2012) reported that in patients 
with heart failure, even in the absence of ACS, the 
elevation of hs-cTn levels was useful for the 
evaluation of heart failure severity, reflecting 
cardiac dysfunction evaluated by echocardiography 
and natriuretic peptides.  The level of cTnI 
elevation has been shown to directly correlate with 
the degree of myocardial inflammation.  Focal 
inflammatory disorders including myocarditis and 
immune-mediated reactions after heart 
transplantation have also been associated with cTn 
elevation (Smith, Ladenson, Mason, & Jaffe, 1997).

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Acute chest pain 

Myocardial necrosis

Evidence of  
ischemia 

Myocardial 
infarction

Initial hs-cTn value ≤ URL Initial hs-cTn value > URL 

Hs-cTn value at 3 h > URL 
+ increase >50% of URL 

Hs-cTn value at 6 h > URL 
+ increase >50% of URL 

Hs-cTn value at 3 h > URL+ 
increase >20% of initial value

Hs-cTn value at 6 h > URL+ 
increase >20% of initial value

Measurement 
at admission 

3 h later 

6 h 
Optional 

Figure 2  Algorithm for the rapid evaluation of clinically suspected AMI with hs-cTn 
testing.  (From: Mueller, Vafaie, Biener, Giannitsis, & Katus, 2013) 
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Table 1  Causes of cardiac troponin elevation in the absence of ACS. 

Damage related to supply/demand imbalance of myocardial ischemia  
Tachy-or bradyarrhythmias 
Aortic dissection and severe aortic valve disease 
Cardiogenic, hypovolemic or septic shock 
Hypertrophic cardiomyopathy 
Severe respiratory failure 
Severe anemia 
Hypertension with or without LVH 
Coronary embolism or vasculitis, e.g. systemic lupus erythematosus,  
Kawasaki syndrome 
Coronary spasm 
Coronary endothelial dysfunction without significant CAD, e.g. cocaine abuse
Damage not due to myocardial ischemia 
Cardiac contusion 
Cardiac incision with surgery 
Radiofrequency or cryoablation therapy 
Pacing or defibrillator shocks 
Rhabdomyolysis with cardiac involvement 
Myocarditis 
Cardiotoxic agents, e.g. anthracyclines, herceptin, carbon monoxide poisoning
Multifactorial causes of myocardial damage 
Heart failure 
Takotsubo cardiomyopathy 
Severe pulmonary embolism or pulmonary hypertension 
Renal failure 
Severe acute neurological disease, e.g. stroke, trauma 
Infiltrative disease, e.g. amyloidosis, sarcoidosis 
Extreme exertion 
Sepsis 

ACS, acute coronary syndrome; LVH, left ventricular hypertrophy; CAD, coronary 
artery disease. (From: Marini, Cardillo, Caroli, Sonnino, & Biasucci, 2013) 

 
 
Systemic inflammation processes, 

including sepsis can result in increased oxygen 
consumption, decreased perfusion pressure, 
extrinsic myocardial depression and subsequent 
troponin release (Ammann, Fehr, Minder, Gunter, 
& Bertel, 2001).  As a result, myocyte damage 
may not be permanent, and thus cell necrosis does 
not occur.  This observation is supported by 
evidence that myocardial depression during sepsis 
is a fully reversible process in most surviving 
patients (Parrillo, 1993).  In addition, cTn 
elevation in patients with acute pulmonary 
embolism varies from 16% to 50% and elevated 
levels are associated with a significant increase in 
mortality (Aksay, Yamturoli, & Kiyan, 2007; 
Becattini, Vedovati, & Aronow, 2007; 
Yalamanchili et al., 2004).  The detectable cTn 
patiens without AMI may reflect a more malignant 
process of accelerated cell turnover caused by 
exaggerated catecholamine release, increased 
ventricular load, increased oxygen demand or 
decreased supply, inflammatory process, hypoxia 
and subendocardial ischemia (Agewell et al., 
2011).  The detectable cTn can also be observed in 

healthy persons with extreme exertion (Shave et 
al., 2010).  Sabatine, Morrow, de Lemos,  Jarolim, 
and  Braunwald (2009) demonstrated that the cTn 
within the cytosol can be released as an intact 
protein through increased membrane permeability, 
in the case of reversible injury to the myocyte 
without necrosis. 

It is important to note that clinical 
assessment, serial testing, and thoughtful 
differentiation are required to separate AMI from 
other acute and chronic disorders which are also 
associated with low-level myocardial injury 
(Agewell et al., 2011).  The presence of troponin 
elevation in a multitude of non-thrombotic disease 
states has been associated with increased short- 
and long-term mortality.  Patients with elevated 
cTn levels, in case of ‘rule-out’ AMI, then a 
thorough diagnostic evaluation for the non-
thrombotic etiology of the troponin elevation 
should be performed and subsequent management 
should be directed at treating the underlying 
disorders.  In addition, Irfan et al. (2012) 
demonstrated that patients with chest pain in the 
absence of cardiac reason, presenting with hs-cTnT 
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levels > 14 ng/L were at increased risk for all-
cause mortality during follow-up.  This 
information indicates that the number of 
indications for testing of cTn in settings other than 
ACS will increase and hs-cTn measurement should 
always be considered for risk stratification not only 
in ACS but also in non-ACS cases. 

 
6.  Conclusions 

AMI is the most important cause of 
myocardial cell death with an ongoing increase in 
incidence.  Myocardial infarctions are classified by 
the etiology of the ischemia.  The early detection 
of AMI is crucial to the preservation of cardiac 
function.  Troponin T and troponin I are presented 
in cardiac and skeletal muscles, but are encoded by 
different genes in the two types of muscle, yielding 
proteins that are immunologically distinct.  Both 
cTnT and cTnI have high sensitivity and 
specificity for acute coronary syndrome and are 
essential for the diagnosis of AMI, whereas the use 
of other biomarkers such as LDH and CK-MB are 
substantially limited due to lack of tissue 
specificity and sensitivity.  As a result, the 
development of cTn assays is essential for the 
diagnosis of AMI.  The gain in sensitivity may be 
particularly important in patients with a short 
duration from the onset of symptoms to admission.  
The hs-cTn assays and the use of the 99th 
percentile as the decision limit for AMI will lead to 
a substantial increase in the detection of patients 
with slightly elevated cTn.  AMI is not the only 
cause of cardiomyocyte damage, the absolute level 
of hs-cTn assay and the changes in cTn within 3-6 
hours after presentation are important criteria in 
the differential diagnosis of the cause of 
cardiomyocyte damage. 

In patients with suspected AMI, the LoD 
of hs-assays is a useful rule-out decision limit with 
a negative predictive value > 99% even on 
emergency department admission.  The diagnosis 
of AMI required a significant change with serial 
testing.  At low cTn baseline concentrations 
(around the 99th percentile URL) the change in 
serial testing in order to be clinically significant 
requires there to be a marked (>50%) increase 
together with an increase above the URL.  In the 
case of borderline increased baseline values 
(>URL), a minimum change of > 20% in follow-
up testing is required.  The hs-cTn assays provide 
diagnostic and prognostic information in patients 
with ACS.  Elevated troponin levels in the absence 

of ACS should prompt an evaluation for a non-
thrombotic mechanism of troponin increase.  In 
addition to AMI detection, the use of hs-cTn 
assays allow the detection of cardiomyocyte 
damage in the stable phase of established cardiac 
disease like coronary artery disease or heart 
failure, or even to identify in the patients with 
either silent or clinically underestimated cardiac 
disease and therefore high risk of death.  
 
7.  References 
Agewell, S., Giannitsis, E., Jernberg, T., & Katus, 

H. (2011). Troponin elevation in coronary 
vs. non-coronary disease. Eur Heart J, 
32(4), 404-411. doi: 
10.1093/eurheartj/ehq456 

Aksay, E., Yanturali, S., & Kiyan, S. (2007). Can 
elevated troponin I levels predict 
complicated clinical cause and in hospital 
mortality in patients with acute 
pulmonary embolism? Am J Emerg Med, 
25(2), 138-143. 

Aldous, S. J., Richards, M., Cullen, L., Troughton, 
R., & Than, M. (2012). Diagnostic and 
prognostic utility of early measurement 
with high-sensitivity troponin T assay in 
patients presenting with chest pain. 
CMAJ, 184(5), E260-E268. 

Ammann, P., Fehr, T., Minder, E. I., Gunter, C., & 
Bertel, O. (2001). Elevation of troponin I 
in sepsis and septic shock. Intensive Care 
Med, 27(6), 965-969). 

Anderson, J. L., Adam, C. D., Antman, E. M., 
Bridges, C. R., Califf, R. M., Casey, D. 
E., . . . Riegel, B. (2007). ACC/AHA 
2007 guideline for the management of 
patients with unstable angina/non ST-
elevation myocardial infarction: a report 
of the American College of 
Cardiology/American Heart Association 
Task Force on Practice Guideline. 
Circulation, 116(7), e148-e304. 

Antman, E. M. (2002). Decision making with 
cardiac troponin tests. N Engl J Med, 346, 
2079-2082. 

Antman, E. M., Grudzen, C., Mitchell, R. N., & 
Sacks, D. B. (1997). Detection of 
unsuspected myocardial necrosis by rapid 
bedside assay for cardiac troponin T. Am 
Heart J, 133(5), 596-598. 

Apple, F. S. (2009). A New season for cardiac 
troponin assays: It’s time to keep a 
scorecard. Clin Chem, 55(7), 1303-1306. 



VICHAIBUN 
RJAS Vol. 4 No. 2, pp. 163-175 

172 

Apple, F. S., & Collinson, P. O. (2012). IFCC Task 
Force on Clinical Applications of Cardiac 
Biomarkers: Analytical characteristics of 
high-sensitivity cardiac troponin assays. 
Clin Chem, 58(1), 54-61. 

Apple, F. S., Jesse, R. L., Newby, L. K., Wu, A. 
H., & Christenson R. H. (2007). National 
Academy of Clinical Biochemistry and 
IFCC Committee for Standardization of 
Markers of Cardiac Damage Laboratory 
Medicine Practice Guidelines: Analytical 
tissue for biochemical markers of acute 
coronary syndromes. Circulation, 
115(13), e352-e355. 

Apple, F. S., Ler, R., & Murakami, M. M. (2012). 
Determination of 19 cardiac troponin I  
and T assay 99th percentile values from a 
common presumably healthy population. 
Clin Chem, 58, 1574-1581. 

Apple, F. S., Murakami, M. M., Pearce, L. A., & 
Herzog, C. A. (2002). Predictive value of 
cardiac troponin I and T for subsequent 
death in end-stage renal disease. 
Circulation,106(23), 2941-2945. 

Apple, F. S., Pearce, L. A., Smith, S. W., 
Kaczmarek, J. M., & Murakami, M. M. 
(2009). Role of monitoring changes on 
sensitive cardiac troponin I assay results 
for early diagnosis of myocardial 
infarction and prediction of risk of 
adverse events. Clin Chem, 55(5), 930-
937. 

Bassand, J. P., Hamm, C. W., Ardissino, D., 
Boersma, E., & Budaj, A. (2007). 
Guidelines for the diagnosis and treatment 
of non ST-segment elevation acute 
coronary syndromes. Eur Heart J, 28(13), 
1598-1660. 

Becattini, C., Vedovati, M. C., & Agnelli, G. 
(2007). Prognostic value of troponins in 
acute pulmonary embolism: a meta-
analysis. Circulation, 116(4), 427-433. 

Bonaca, M., Scirica, B., Sabatine, M., Dalby, A., 
Spinar, J., Murphy, S.A., . . . Morrow, D. 
A. (2010). Prospective evaluation of the 
prognostic implications of improved 
assay performance with a sensitive assay 
for cardiac troponin I. J Am Coll Cardiol, 
55(19), 2118-2124. 

Daubert, M. A., & Jeremias, A. (2010). The utility 
of troponin measurement to detect 
myocardial infarction: review of the 

current findings. Vas Health and Risk 
Manag, 6, 691-699. 

de Lemos, J. A., Drazner, M. H., Omland, T., 
Ayers, C. R., Khera, A., Rohatgi, A., . . .  
McGuire, D. K. (2010). Association of 
troponin T detected with a highly 
sensitive assay and cardiac structure and 
mortality risk in the general population. 
JAMA, 304(22), 2503-2512. 

De Filippi, C. R., de Lemos, J. K., Christenson, R. 
H., Gottdiener, J. S., Kop, W. J., Zhan, 
m., & Seliger, S. L. (2010). Association 
of serial measures of cardiac troponin T  
using a sensitive assay with incident heart 
failure and cardiovascular mortality in 
older adults. JAMA, 304(22), 2494-2502. 

Diris, J. H., Hackeng, C. M., Kooman, J. P., Pinto, 
Y. M., Hermens, W. T., & van Dieilen-
Visser, M. P. (2004). Impaired renal 
clearance explains elevated troponin T 
fragments in hemodialysis patients. 
Circulation, 109(1), 23-25. 

Everett, B. M., Cook, N. R., Magnone, M. C., 
Bobadilla, M., Kim, E., Rifai, N., . . . 
Pradhan, A. D. (2011). Sensitivity cardiac 
troponin T assay and the risk of incident 
cardiovascular disease in women with and 
without diabetes mellitus: the woman 
health study. Circulation, 123(24), 2811-
2818. 

Filusch, A., Giannitsis, E., Katus, H. A., & Meyer, 
F. J. (2010). High-sensitive troponin T: a 
novel biomarker for prognosis and disease 
severity in patients with pulmonary 
arterial hypertension. Clin Sci (Land), 
119(5), 207-213. 

Gaze, D. C., & Collinson, P. O. (2008). Multiple 
molecular forms of circulating cardiac 
troponin: analytical and clinical 
significant. Ann Clin Biochem, 45(4), 
349-355. 

Giannitsis, E., Kurz, K., Hallermayer, K., Jarausch, 
J., Jaffe,  A. S., & Katus, H. A. (2010). 
Analytical validation of a high-sensitivity 
cardiac troponin T assay. Clin Chem, 
56(2), 254-261. 

Hamn, C. W., Bassand, J. P., Agewall, S., Bax, J., 
Boersma, E., Bueno, H., . . . Zahger, D. 
(2011). ESC Guidelines for the 
management of acute coronary syndromes 
in patients presenting without persistent 
ST-segment elevation of the Europient 



RJAS Vol. 4 No. 2 Jul.-Dec. 2014, pp. 163-175 
ISSN 2229-063X (Print)/ISSN 2392-554X (Online) 

173 

Society of Cardiology (ESC). Eur heart J, 32(23), 
2999-3054. 

Hamn, C. W., Giannitsis, E., & Katus, H. A. 
(2002). Cardiac troponin elevations in 
patients without acute coronary 
syndrome. Circulation, 106(23), 2871-
2872. 

Hammarsten, O., Fu, M. L., Sigurjonsdottir, R., 
Petzold, M., Said, L., Landin-
Wilhelmsen, K., . . . Johnson, P. (2012). 
Troponin T percentiles from a random 
population sample, emergency room 
patients and patients with myocardial 
infarction. Clin Chem, 58(3), 628-637. 

Hammere-Lercher, A., Ploner, T., Neuruer, S., 
Schratzberger, P., Griesmacher, A., 
Pachinger, O., & Mair, J. (2013). High-
sensitivity cardiac troponin T compared 
with standard troponin T testing on 
emergency department admission: how 
much does it add in everyday clinical 
practice? J Am Heart Assoc, 2(3), 
e000204 

Hartshorne, D. J., & Mueller, H. (1968). 
Fractionation of troponin into two distinct 
proteins. Biochem Biophys Res Commun, 
31(5), 647-653. 

Hasson, G. K. (2005). Inflammation, 
atherosclerosis, and coronary artery 
disease. N Engl J Med, 352(16), 1685-
1695. 

Horwich, T. B., Patel, J., MacLellan, W. R., & 
Fonarow, G. C. (2003). Cardiac troponin I 
is associated with impaired 
hemodynamic, progressive left ventricular 
dysfunction, and increased mortality rates 
in advanced heart failure. Circulation, 
108(7), 833-838. 

Irfan, A., Twerenbold, R., Reiter, M., Reichlin, T., 
Stelzig, C., Freese, M., . . . Mueller C. 
(2012). Determinants of high-sensitivity 
troponin T among patients with a 
noncardiac cause of chest pain. Am J 
Med, 125(5), 491-498. 

Jaffe, A. S., Apple, F. S., Morrow, D. A., Lindahl, 
B., & Katus, H. A. (2010). Being rational 
about (im)precision: a statement from the 
Biochemistry Subcommittee of the Joint 
European Society of Cardiology/ 
American College of Cardiology 
Foundation/American Heart  

Association/World Heart Federation Task 
Force for the definition of myocardial 
infarction. Clin chem., 56(6), 941-943. 

Jaffe, A. S., Babuin, L., & Apple, F. S. (2006). 
Biomarkers in acute cardiac disease: the 
present and the future. J Am Coll Cardiol, 
48(1), 1-11. 

Jeremias, A., & Gibson, C. M. (2005). Narrative 
review: alternative causes for elevated 
cardiac troponin levels when acute 
coronary syndromes are excludes. Ann 
Tntern Med, 142(9), 786-791. 

Keller, T., Zeller, T., Peetz, D., Tzikas, S., Roth, 
A., Czyz, E., . . . Blankenberg, S. (2009). 
Sensitive troponin I assay in early 
diagnosis of acute myocardial infarction. 
N Engl J Med, 361(9), 868-877. 

Keller, T., Zeller, T., Ojeda, F., Tzikas, S., 
Lillpopp, L., Sinning, C., . . . Blankenberg, 
S. (2011). Serial changes in highly 
sensitive troponin I assay and early 
diagnosis of myocardial infarction. 
JAMA, 306(24), 2684-2693. 

Korosoglou, G., Lehrke, S., Mueller, D., Hosch, 
W., Kauczor, H. U., Humpert, P. M., . . . 
Katus, H. A. (2011). Determination of 
troponin release in patients with stable 
coronary artery disease: insights from CT 
angiography characteristics of 
atherosclerotic plaque. Heart, 97(10), 
823-831. 

Kusumoto, A., Miyata, M., Kubozono, T., Ikeda, 
Y., Shinsato, T., Kuwahata, S., . . . Tei, C. 
(2012). Highly sensitive cardiac troponin 
T in heart failure: comparison with 
achocardiographic parameters and 
natriuretic peptides. J cardiol, 59(2), 202-
208. 

Macrae, A. R., Kavsak, P. A., Lusting, V., 
Bhargava, R., Vandersluis, R., Palomaki 
G. E., . . . Jaffe, A. S. (2006). Assessing 
the requirement for the 6-hour interval 
between specimens in the American heart 
Association Classification of Myocardial 
Infarction in Epidemiology and Clinical 
Research Studies. Clin Chem, 52(5), 812-
818. 

Marini, M. G., Cardillo, M. T., Caroli, A., 
Sonnino, C., & Biasucci, L. M. (2013). 
Increasing specificity of high-sensitivity 
troponin: New approaches and  

 



VICHAIBUN 
RJAS Vol. 4 No. 2, pp. 163-175 

174 

perspectives in the diagnosis of acute 
coronary syndromes. J Cardio, 62(4), 
205-209. 

Morrow, D. A., Cannon, C. P., Jesse, R. L., 
Newby,  L. K., Ravkilde, J., Storrow, A. 
B., . . . Tang, W. (2007). National 
Academy of Clinical Biochemistry 
Laboratory Medicine Practice Guidelines: 
clinical characteristics and utilization of 
biochemical markers in acute coronary 
syndromes. Clin Chem, 53(4), 552-574. 

Mueller, M., Biener, M., Vafaie, M., Doerr, S., 
Keller, T., Blankenberg, S., . . . Giannitsis, 
E. (2012). Absolute and relative kinetic 
changes of high-sensitivity cardiac 
troponin T in acute coronary syndrome 
and in patients with increased troponin in 
the absence of acute coronary syndrome. 
Clin Chem, 58(1), 209-218. 

Mueller, M., Vafaie, M., Biener, M., Giannitsis, E., 
& Katus, H. A. (2013). Cardiac troponin 
T. Circ J, 77(7), 1653-1661. 

Ndrepepa, G., Braun, S., Mehilli, J., Birkmeier, K. 
A., Byrne, R. A., Ott, I., . . . Kastrati, A. 
(2011). Prognostic value of sensitive 
troponin T in patients with stable and 
unstable angina and undetectable 
conventional troponin. Am Heart J, 
161(1), 68-75. 

O’Brien, P. J., Smith, D. E. C., Knechtel, T. J., 
Marchak, M. A., Pruimboom-Brees, I., 
Brees, D. J., . . . Reagan, W. J. (2006). 
Cardiac troponin I is a sensitive, specific, 
biomarker of cardiac injury in laboratory 
animals. Lab Anim, 40(2), 153-171. 

Ooi, D. S., Zimmerman, D., Graham, J., & Wells, 
G. A. (2001). Cardiac troponin T predicts 
long-term outcomes in hemodialysis 
patients. Clin Chem, 47(3), 412-417. 

Parmacek, M. S., & Solaro, R. J. (2004). Biology 
of the troponin complex in cardiac 
myocytes. Prog Cardiovasc Dis, 47(3), 
159-176. 

Parrillo, J. E. (1993). Pathogenic mechanisms of 
septic shock. N Engl J Med, 328(20), 
1471-1477. 

Pope, J. H., Aufderheide, T. P., Ruthazer, R., 
Woolard, R. H., Feldman, J. A., 
Beshansky, J. R., . . . Selker, H. P. (2000). 
Missed Diagnoses of Acute Cardiac 
Ischemia in the Emergency Department. 
N Engl J Med, 342(16), 1163-1170. 

Reichlin, T., Hochholzer, W., Bassetti, S., Steuer, 
S., Stelzig, C., Hartwiger, S., Biedert, S., 
Schaub, N., . . . Mueller, C. (2009). Early 
diagnosis of myocardial infarction with 
sensitive cardiac troponin assays. N Engl 
J Med, 361(9), 858-867. 

Reichlin, T., Irfan, A., Twerenbold, R., Reiter, M., 
Hochholzer, W., Burkhalter, H., . . . 
Mueller, C. (2011). Utility of absolute and 
relative changes in cardiac troponin 
concentrations in the early diagnosis of 
acute myocardial infarction. Circulation, 
124(2), 136-145. 

Reichlin, T., Schindler, C., Drexler, B., 
Twerenbold, R., Reiter, M., Zellweger, 
C., . . . Mueller, C. (2012). One-hour rule-
out and rule-in of acute myocardial 
infarction using high-sensitivity cardiac 
troponin T. Arch Intern Med, 172(16), 
1211-1218. 

Reiter, M., Twerenbold, R., Reichlin, T., Haff, P., 
Haff, P., Peter, F., . . . Mueller, C. (2011). 
Early diagnosis of acute myocardial 
infarction in the elder using more 
sensitive cardiac troponin assays. Eur 
Heart J, 31(11), 1379-1389. 

Robert, R., & Sobel, B. E. (1973). Editorial: 
Isoenzymes of creatine phosphokinase 
and diagnosis of myocardial infarction. 
Ann Intern Med, 79(5), 741-743. 

Sabatine, M. S. Morrow, D. A., de Lemos, J. A., 
Jarolim, P., & Braunwald, E.  (2009). 
Detection of acute changes in circulating 
troponin in the setting of transient stress 
test-induced myocardial ischemia using 
an ultrasensitive assay: results from TIMI 
35. Eur Heart J, 30(2), 162-169. 

Saenger, A. K., Beyrau, R., Braun, S., Cooray, R., 
Dolci, A., Freidank, H., . . . Jaffe, A. S. 
(2011). Multicenter analytical evaluation 
of a high-sensitivity troponin T assay. 
Clin Chim Acta, 412(9-10), 748-754. 

Sato, Y., Yamamoto, E., & Sawa, T. (2011). High-
sensitivity cardiac troponin T in essential 
hypertension. J Cardiol,58(3), 226-231. 

Sharma, R., Gaze, D. C., Pellerrin, D., Mehta, R. 
L., Gregson, H., Streather, C. P., . . . 
Brecker, S. J. (2006). Cardiac structural 
and functional abnormalities in end stage 
renal disease patients with elevated 
cardiac troponin T. Heart, 92(6), 804-809. 



RJAS Vol. 4 No. 2 Jul.-Dec. 2014, pp. 163-175 
ISSN 2229-063X (Print)/ISSN 2392-554X (Online) 

175 

Shave, R., Baggish, A., George, K., Wood, M., 
Scharhag, J., Whyte, G., . . . Thompson, 
P. D. (2010). Exercise-induced cardiac 
troponin elevation: mechanisms, and 
implications. J Am Coll cardiol, 56(3), 
169-176. 

Shayanfar, N., Bestmann, L., Schulthess, G., & 
Hersberger, M. (2008). False positive 
cardiac troponin T due to assay 
interference with heterophilic antibodies. 
Swiss Med Wkly, 138(31-32), 470. 

Smith, S. C., Ladenson, J. H., Mason, J. W., & 
Jaffe, A. S. (1997). Elevations of cardiac 
troponin I associated with myocarditis: 
Experimental and clinical correlates. 
Circulation, 95(1), 163-168. 

Tate, J. R. (2008). Troponin revisited 2008: assay 
performance. Clin Chem Lab Med, 
46(11), 1489-1500. 

Thygesen, K., Alpert,  J. S., White, H. D., Jaffe,  
A.S., Apple, F.S., Galvani, M., . . . Al-
Attar, N. (2007). Universal definition of 
myocardial infarction. Circulation, 
116(22), 2634-2653. 

Thygesen, K., Mair, J., Katus, H., Plebani, M., 
Venge, P., Collinson, P., . . . Jaffe, A. S. 
(2010). Recommendations for the use of 
cardiac troponin measurement in acute 
cardiac care. Eur Heart J, 31(18), 2197-
2204. 

Thygesen, K., Alpert, J. S., Jaffe, A. S., White, H. 
D., Simoons, M. L., Chaitman, M. R., . . . 
Mendis, S. (2012a). Third universal 
definition of myocardial infarction. J Am 
Coll Cardiol, 60(16), 1581-1598.  

Thygesen, K., Mair, J., Giannitsis, E., Mueller, C., 
Lindahl, B., Blankenberg, S., . . . Jaffe, A. 
S. (2012b). How to use high-sensitivity 
cardiac troponins in acute cardiac care. 
Eur Heart J, 33(18), 2252-2257. 

Todd, J., Freese, B., Lu, A., Held, D., Morey, J., 
Livingston, R., & Goix, P. (2007). 
Ultrasensitive flow-based immunoassays 
using single-molecule counting. Clin 
Chem, 53(11), 1990-1995. 

Twerenbold, R., Jaffe A., Reichlin, T., Reiter, M., 
& Mueller, C. (2012). High- sensitive 
troponin T measurements: what do we 
gain and what are the challenges? Eur 
Heart J, 33(5), 579-586. 

Vichaibun, V. (2004). Diagnosis of myocardial 
infarction with cardiac biomarkers. Bull 
Health Sci & Tech, 7(2), 65-74. 

Wang, K., Asinger R. W., & Marriott H. J. (2003). 
ST-segment elevation in conditions other 
than acute myocardial infarction. N Engl J 
Med, 349(22), 2128-2135.                           

White, H. D. (2010). Higher sensitivity troponin 
levels in the community: what do they 
mean and how will the diagnosis of 
myocardial infarction be made? Am Heart 
J, 159(6), 933-936. 

Yalamanchili, K., Sukhija, R., Aronow, W.S., 
Sinha, N., Fleisher, A. G., & Lehrman, S. 
G. (2004). Prevalent of increased cardiac 
troponin I levels with in-hospital 
mortality in patients with acute 
pulmonary embolism. Am J Cardiol, 
93(2), 263-264. 

 
  


