
Review Article Open Access

Ahmad and Sharma, J Clin Exp Cardiolog 2012, 3:11 
DOI: 10.4172/2155-9880.1000222

Volume 3 • Issue 11 • 1000222
J Clin Exp Cardiolog

ISSN:2155-9880 JCEC, an open access journal 

*Corresponding author: Dr. Imteyaz Ahmad, Department of Biochemistry, 
NursinghHome lab ,Room no.20., Dr Ram Manohar Lohia Hospital, Baba 
kharak singh marg, New Delhi, PIN 110001, India, Tel: +919953130525; E-mail: 
dr.imteyaz579@gmail.com

Received October 22, 2012; Accepted November 09, 2012; Published November 
12, 2012

Citation: Ahmad MI, Sharma N (2012) Biomarkers in Acute Myocardial Infarction. 
J Clin Exp Cardiolog 3:222. doi:10.4172/2155-9880.1000222

Copyright: © 2012 Ahmad MI, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Abstract
Acute coronary syndrome (ACS) is a significant cause of morbidity and mortality worldwide. Patients can be 

stratified by symptoms, risk factors and electrocardiogram results but cardiac biomarkers also have a prime role both 
diagnostically and prognostically. The proper diagnosis of ACS requires reliable and accurate biomarker assays to 
detect evidence of myocardial necrosis. Currently, troponin is the gold standard biomarker for myocardial injury and 
is used commonly in conjunction with creatine kinase-MB (CK-MB) and myoglobin to enable a more rapid diagnosis 
of ACS. Other markers of myocardial necrosis, inflammation and neurohormonal activity have also been shown to 
have either diagnostic or prognostic utility, but none have been shown to be superior to troponin. The measurement 
of multiple biomarkers and the use of point of care markers may accelerate current diagnostic protocols for the 
assessment of such patients.
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Introduction
Cardiovascular disease (CVD) is a major global cause of mortality 

in the developed countries. Intravascular thrombogenesis, the main 
pathogenic mechanism of the coronary artery disease (CAD), is 
influenced by a complex interplay of procoagulant, anticoagulant, 
fibrinolytic, endothelial damage/ dysfunction and inflammatory 
processes [1]. The traditional theory for causation of CAD centers on 
a complex interplay between genetic and environmental, modifiable 
and non modifiable risk factors setting into motion an inflammatory 
cascade of monocyte migration, lipid oxidation and atheromatous 
plaque formation [2,3]. Therefore, the clinical management of the 
at-risk patient is conventionally directed toward the identification 
and attenuation of these provocative risk factors. Though clinical 
assessment and risk factor identification remain cornerstones in 
estimating the burden of coronary disease, they fail to both adequately 
predict CAD risk and risk of recurrent events.

The term biomarker is an abbreviation for “biological-marker” a 
phrase first introduced in 1989. In 2001, the definition of biomarker was 
refined as “a characteristic that is objectively measured and evaluated 
as an indicator of normal biological processes or pharmacologic 
responses to a therapeutic intervention” [4].

Cardiac specificity

The term “specificity” is generally defined as the quality or attributes 
relating to one particular thing. In biology and clinical biochemistry, 
one should distinguish the “analytical specificity”, referring to the 
ability of an assay to measure in biological samples a well defined 
molecule or substance, i.e. an analyte, rather than others, from the 
“diagnostic specificity”, statistically the percentage of individuals not 
having a given condition who are correctly identified by an assay as 
negative for that condition [5]. Focusing on laboratory testing, the 
analytical specificity of a biochemical marker depends not only on 
avoiding any methodological cross reactivity with other biologically 
related molecules, but also on biological characteristics of the marker as 
well, showing no other tissue sources, even in trace amounts or under 
pathological conditions, in addition to the anatomic or histologic 
target. For biochemical markers of myocardial injury, for which the 
target organ is the heart, the cardiac specificity is of pivotal importance, 

even crucial for their clinical application [6]. Although any molecule 
candidate to become a successful cardiac biomarker should have certain 
characteristics, cardiac specificity is the hallmark of the ideal biomarker, 
because it definitively improves all its diagnostic characteristics, from 
sensitivity for damage detection to earlier appearance in blood. A lower 
cut off, close to the detection limit of the method, can be introduced, 
thus improving diagnostic sensitivity at its best, because also the 
smallest quantity of analyte different from the analytical noise may 
reflect a myocardial damage. Furthermore, when the assay is sensitive 
enough to detect small amounts of the cardiac specific marker, it may 
give earlier information revealing as rapid as possible the occurrence 
of myocardial injury. Therefore, it is not surprising that along the story 
of the search of the “ideal” cardiac biomarker, we are often recording 
scientists searching for new and even more cardiac specific markers as 
powerful tools to rapidly and accurately define any myocardial injury 
(Table 1).

The early and reliable diagnosis of AMI

Acute myocardial infarction (AMI) is the major cause of death 
and disability worldwide with an ongoing increase in incidence. The 
risk of death is highest within the first few hours from AMI onset. The 
term acute myocardial infarction (MI) should be used when there is 
evidence of myocardial necrosis in a clinical setting consistent with 
acute myocardial ischaemia. Under these conditions any one of the 
following criteria meets the diagnosis for MI:  Detection of a rise and/
or fall of cardiac biomarker values [preferably cardiac troponin (cTn)] 
with at least one value above the 99th percentile upper reference limit 
(URL) and with at least one of the following:

Symptoms of ischaemia. New or presumed new significant ST-
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segment–T wave (ST–T) changes or new left bundle branch block 
(LBBB). Development of pathological Q waves in the ECG.

Imaging evidence of new loss of viable myocardium or new regional 
wall motion abnormality.

Identification of an intracoronary thrombus by angiography or 
autopsy. Rapid identification of AMI is critical to initiate effective 
evidence-based medical treatment and management. The 12-lead ECG 
and cTn are the diagnostic cornerstones and complement clinical 
assessments. In most patients with ST-elevation AMI, clinical assessment 
and the ECG provide a straight forward diagnosis and allow the 
initiation of revascularization within minutes. However, ST-elevation 
AMI represents only about 5% of consecutive patients presenting with 
acute chest pain [7].  The ECG by itself is often insufficient to diagnose 
an AMI since ST deviation may be observed in other conditions, such 
as early repolarisation patterns, acute pericarditis, left ventricular 
hypertrophy, left bundle brunch block, hyperkalemia and the Brugada 
syndrome [7-9]. Therefore, cTns have become a prominent role in the 
diagnosis of AMI. cTns, sensitive and specific biochemical markers of 
cardiomyocyte necrosis [10-15], are very helpful in clinical practice to 
identify patients with acute coronary syndromes at high risk, and to 
select those patients who will benefit from early coronary angiography 
and, whenever possible, percutaneous coronary intervention.

Current Cardiac Biomarkers
Biomarkers of myocardial necrosis

Troponin: The most widely established and useful biomarker for 
myocardial injury is cTn. The cTn complex is made up of 2 subunits—C, 
I, and T—which together control calcium mediated interaction of 
actin and myosin, leading to the contraction and relaxation of striated 
muscle [16].

Troponin I (cTnI) and troponin T (cTnT) are expressed only in 
cardiac muscle, which allows these biomarkers to achieve extremely 
high specificity for myocardial damage [17,18]. cTn subunits are 
detectable in the peripheral circulation when damage to the cardiac 
myocyte first leads to the release of cytoplasmic cTn, which accounts 
for 3% to 5% of cTnI and 7% of cTnT levels [19,20] the release of bound 
cTn subunits contributes to the continued rise in peripheral levels. 
After infarction, cTn remains detectable for days (4–7 days for cTnI 
and 10–14 days for cTnT), cleared from the circulation primarily by 
the reticuloendothelial system, and fragmented into molecules that 

are cleared renally. Although cTn elevation persists for days, initial 
detection is delayed after myocardial injury, as necrosis typically 
requires 2–4 h to occur in the setting of ischemia. Consequently, cTnT 
and cTnI are detectable only after this latency period following the 
onset of injury, and recommendations call for serial measurements 
to be drawn at presentation and again after 6–9 h from the onset of 
symptoms.

In an early study of patients with suspected ACS presenting to 
the emergency department (ED) within 24 h of symptom onset, the 
sensitivity of cTnI and cTnT at the initial presentation for AMI was 
3.7% and 33.3%, respectively, which improved to 82% and 89% after 6 
h and to 89% and 96% after 12 h [21]. Because of the recommendations 
to use only cTn assays which are reliable (<10% coefficient of variation) 
at the decision limit (99th percentile), there has been development of 
high-sensitivity troponin assays (hs-cTn) to increase the analytical, 
and thus clinical, sensitivity for detection of myocardial injury. Such 
an approach may identify more patients at risk and permit earlier 
diagnosis [22]. With conventional cTn assays, the recommended 
level of precision is often unachievable at a level representing the 99th 
percentile but rather at levels from 1.5 to 9 times higher [23]. Challenges 
with poor cTn sensitivity early in clinical presentation have inspired 
the development of a new generation of highly sensitive assays, with a 
10- to 100-fold lower limit of detection [24]. These hs-Tn assays have 
allowed the diagnostic cutoff to be lowered to the level of the 99th 
percentile or lower while maintaining precision at a CV, 10% [25,26].

It has become evident that although elevations in cTn reflect 
myocardial damage, they do not indicate its mechanism. In addition 
to spontaneous AMI secondary to plaque rupture and acute coronary 
occlusion, AMI can be secondary to the ischaemia produced either by 
increased oxygen demand or decreased supply, e.g. coronary artery 
spasm, coronary embolism, anaemia, arrhythmias, hypertension or 
hypotension. Therefore cTn may be raised in coronary, noncoronary 
cardiac as well as non-cardiac conditions such as sepsis.

As AMI is not the only cause of myocyte necrosis, it is 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, the higher the absolute value of high-
sensitive cTn at ED presentation in patients with suspected AMI, the 
higher the probability that it is AMI [25-27]. The differential diagnosis 
of a small amount of myocardial injury and therefore mild elevation 
of cTn is broad and includes acute and chronic disorders. CTn has to 
be interpreted as a quantitative variable. The term “troponin-positive” 
should therefore be avoided. “Detectable” levels will become the norm 
and have to be clearly differentiated from “elevated” levels.

Secondly, the larger the rise in high-sensitive cTn within the 
first few hours in the ED, the higher the probability that it is AMI. 
Thereby, 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 exhibit constant cTn levels. It is 
a matter of debate whether absolute or relative changes best separate 
acute from chronic cTn elevations, as well as AMI from other causes 
of cTn elevation. The National Academy for Clinical Biochemistry has 
recommended changes in cTn of  ≥20% (i.e. greater than imprecision 
levels assuming up to a 10% CV when levels are around the 99th 
percentile) from elevated baseline values (i.e. those with pathological 
levels of cTn). They make no recommendation on a threshold change 
from normal initial levels [84]. However it is important to highlight 
that a detailed clinical assessment remains mandatory to differentiate 
AMI from the other potential causes of myocardial injury.

Characteristics of an ideal cardiac biomarker
High sensitivity
High concentration in myocardium after myocardial injury
Rapid release for early diagnosis
Long half-life in blood for late diagnosis
High specificity
Absent in non-myocardial tissues
Not detectable in blood of non-diseased subjects
Analytical characteristics
Measurable by cost-effective assay
Simple to perform
Rapid turnaround time
Sufficient precision and trueness
Clinical characteristics
Ability to influence therapy
Ability to improve patient outcome

Table 1: Characteristics of an ideal cardiac biomarker.
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Myoglobin: Myoglobin is a small cytoplasmic heme protein found 
in all muscles. Myoglobin increases within 1 to 3 h in the setting of 
myocardial necrosis, usually peaks within 6 to 9 h, and may become 
normal in, 24 h (Figure 1) [28]. Of the conventional biomarkers 
currently in use, myoglobin is the earliest marker to rise after AMI 
(2 h from the onset of chest pain) because of its relatively small size 
and high cytoplasmic content [29]. Myoglobin has limited specificity 
for myocardial necrosis in patients who have renal insufficiency 
and skeletal muscle trauma [30]. In addition, the rapid increase and 
normalization of myoglobin after AMI may lead to normal values 
for patients who present 24 h after symptom onset [31]. A single 
myoglobin measurement at presentation has been shown to have 
a sensitivity of 70% and a NPV of 97.4% for predicting AMI among 
patients with suspected ACS. Because of the poor initial sensitivity of 
cTn for AMI, myoglobin should be used in conjunction with cTn for 
the early detection of AMI. Myoglobin, when compared with CK-MB, 
cTnI, or cTnT, may offer the best overall diagnostic performance in 
screening for AMI within 2 h of ED presentation.

Heart fatty acid binding protein (hFABP): H-FABP is a small 
low molecular weight (i.e., 15 kDa), 132 amino acid, soluble protein, 
with general characteristics resembling myoglobin.  Heart-type fatty-
acid-binding protein (H-FABP) is a cytosolic, low-molecular-weight 
protein involved in fatty acid transport and metabolism. Although it 
is expressed overwhelmingly in the myocardium, small quantities also 
can be found in the brain, kidney, and skeletal muscle [32]. H-FABP 
displays a very early raise after an AMI (i.e., increased concentrations 
can be detected as soon as 30 min after the onset of an ischemic 
episode), peaks in blood after ~6–8 h, and returns to baseline values 
after nearly 24–30 h It is unsuitable as a test for patients presenting >6 h 
from onset of symptoms due to rapid renal clearance [33-35]. H-FABP 
has also been shown to independently predict mortality in patients 
with ACS [36].

Although the kinetics of H-FABP after an AMI thus mirrors that 
of other early AMI biomarkers such as myoglobin, soluble CD40 
ligand, ischemia modified albumin, pregnancy-associated plasma 
protein A (PAPP-A) and myeloperoxidase , this protein is reported 
to be more myocardium-specific [37], thus making it a promising 

biomarker to be used in combination with conventional troponin 
tests. Another advantage is represented by the availability of rapid 
bedside chromatographic as well as fully automated turbidimetric 
immunoassays, which allow rapid measurement and short turnaround 
time.

Ischaemia modified albumin: IMA is a biomarker for acute 
ischemia that is approved by the U.S. Food and Drug Administration. 
When exposed to ischemic conditions, the N-terminus of albumin is 
damaged, which makes it unable to bind metals and capable of being 
measured by an albumin cobalt-binding test [38]. Because its levels in 
the blood increase within minutes of the onset of ischemia and return 
to normal within 6–12 h, IMA has been implicated in the detection 
of acute ischemia prior to necrosis (Figure 1) One study of patients 
with suspected ACS found that IMA had a better NPV for ACS of 92% 
than the combination of CK-MB, myoglobin, and cTnT (86%), and the 
use of all 4 biomarkers together resulted in an NPVof 95% [39]. The 
sensitivity and specificity of elevated IMA for future mortality has been 
reported at 76% and 74%, respectively, which is of similar magnitude 
compared with cTnT. However, in this particular study, cTnT was 
not increased significantly in those with high IMA, which suggests 
that IMA may not have identified patients with eventual myocardial 
necrosis.

Biomarkers of inflammation

Coronary artery disease is an inflammatory process. Atherosclerotic 
plaque formation begins with endothelial cell injury thought to 
be triggered by a range of factors including smoking, diabetes, 
hypertension and dyslipidaemia.  Dyslipoproteinaemias such as 
elevated low density lipoprotein (LDL)-cholesterol, play a central role 
in atherosclerosis. An elevated LDL concentration is pro-atherogenic 
because LDL is intimately linked to oxidative and inflammatory 
processes in the arterial wall. Impaired endothelial cells respond 
by activating adhesion molecules and secreting pro-inflammatory 
chemokines [40,41]. These attract monocytes (which then multiply 
and mature into active macrophages) and T lymphocytes. Eventually a 
plaque is formed consisting of a large lipid core, a thin fibrous cap, and 
an active inflammatory cell infiltrate. AMI results from plaque rupture 
or superficial erosion, stimulating the secretion of pro-inflammatory 
and pro-coagulant substances which may trigger formation of 
occlusive thrombus. Inflammatory processes therefore not only 
promote initiation and progression of atheromas but also contribute to 
the precipitation of thrombotic complications.

C-reactive protein: CRP is an acute-phase protein produced by 
the liver that is upregulated in conjunction with the inflammatory 
response.41. CRP activates complement through the classic pathway, 
and in doing so, it binds to damaged cells including those in infracted 
myocardium. C-reactive protein (CRP), an acute-phase reactant 
produced by hepatocytes in response to stimulation by inflammatory 
cytokines, primarily IL-6, is the most widely used inflammatory 
marker. In the absence of transient acute disturbances in CRP in 
response to certain stimuli such as infections, injuries etc, CRP levels 
in individuals otherwise remain relatively constant. CRP, in itself, also 
has a pro-inflammatory effect by inducing the expression of adhesion 
molecules and other inflammatory cells. CRP has been implicated in 
vascular dysfunction and in the progression of atherosclerosis, and 
subsequently has been shown to predict future cardiovascular events, 
including first-ever AMI, stroke and development of peripheral arterial 
disease. As a prognostic tool, CRP may be useful in patients with ACS 
in which high CRP levels (10–15 mg/L) have been a strong indicator 
of long-term future cardiac events [42-45], although the evidence for 

Figure 1: Schematic representation of the pathogenesis of MI and its 
consequences. The biomarkers implicated in each process are listed next to 
the bubble.
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CRP as a predictor of short-term events is conflicting. In another study 
of patients with MI treated with thrombolysis, high CRP levels (226 
mg/L) were associated with an increased risk of death within the first 6 
months of the infarct event.

It has also been shown that CRP is raised in patients with unstable 
coronary syndromes, but specificity and sensitivity are not sufficient 
for use as a reliable diagnostic marker. It is, however, a significant 
predictor of poor outcome. In 2003, the American Heart Association 
(AHA) and the Centres for Disease Control and Prevention issued a 
scientific statement that suggested the use of high-sensitivity CRP as an 
optional risk factor measurement in patients with ACS.

Pro-inflammatory markers: The major pro-inflammatory markers 
include IL-6 and TNF-α. The immuno-inflammatory response to injury 
resulting from ischaemia and reperfusion of infarcted myocardium 
is associated with the induction of many cytokines including IL-6 
and TNF-α. IL-6 is involved in inflammatory cell recruitment and 
activation, stimulates the liver to produce acute-phase proteins such as 
CRP and may also have a negative inotropic effect mediated through 
myocardial nitric oxide synthase [46]. TNF-α is a cytokine found in 
endothelial cells, smooth muscle cells and macrophages. TNF-α is a 
cardio-inhibitory cytokine that depresses cardiac contractility either 
directly or through induction of nitric oxide synthase.

Markers of plaque destabilization: Metalloproteinases are also 
markers of plaque destabilization. Myeloperoxidase, (MPO) is the 
most abundant metalloproteinase and is an enzyme produced by 
polymorphonuclear neutrophils and macrophages. It catalyzes the 
conversion of chloride and hydrogen peroxide to hypochlorite and 
is involved in the oxidation of lipids contained within LDL particles. 
It generates an array of reactive oxidants and radical species that 
contribute to the development of atheroma and subsequent plaque 
rupture [47-50]. MPO has been implicated not only as a potential 
biomarker in stable ischemic heart disease but also in acute myocardial 
injury, in which it serves as a marker of plaque instability, with 
increased levels indicating the activation of inflammatory cells around 
a vulnerable plaque.

MPO has demonstrated some value as a prognostic biomarker in 
predicting future adverse events. Although MPO can help assess the 
risk of CAD in healthy individuals, the relationship between MPO and 
CAD is stronger in patients with established or suspected ACS.

Pregnancy associated plasma protein A (PAPPA) is another 
metalloproteinase, originally discovered as a glycoprotein in pregnant 
women, produced by the syncytiotrophoblasts of the placenta. 
However, it is also produced by non-placental cell types, including 
fibroblasts, vascular endothelial cells, and vascular smooth muscle cells. 
It is responsible for the cleavage of insulin-like growth factor binding 
protein-4. The insulin-like growth factors are important regulatory 
proteins involved in cell proliferation and metabolism and have been 
implicated in atherosclerotic plaque progression and instability.

Markers of myocyte rupture: CD40L is a cytokine belonging to 
the TNF-α family and CD40 is its receptor. CD40L is up-regulated 
on platelets within fresh thrombus. Delivery into the peripheral 
circulation is thought to occur when activated platelets are released 
from the intracoronary thrombus that has formed at the site of the 
unstable/ruptured plaque [51,52]. sCD40L is a cellular ligand released 
from activated platelets and stimulated lymphocytes, and as a result 
it can be indicative of the activation of inflammatory and coagulant 
pathways. Platelet derived growth factor (PDGF) is a glycoprotein 

found in platelets, macrophages, smooth muscle cells and endothelial 
cells. Its main function involves wound repair by causing mitosis of 
smooth muscle cells and fibroblasts and attracting other cells such as 
monocytes, neutrophils and platelets [53,54].

Novel cardiac biomarkers

Choline: Choline is an enzymatic product of phospholipase 
D. Phospholipase D, is involved in endothelial dysfunction, and is 
considered a marker of plaque instability, as well as a marker of severe 
myocardial ischaemia, and has been associated with elements of the 
metabolic syndrome. Choline is a water-soluble essential nutrient found 
in the head groups of phospholipids that make up cell membranes 
[55]. Choline is released into the blood after cleavage of phospholipids 
(Figure 1). It has potential use as a prognostic and diagnostic marker 
for ACS, ischemia, and necrosis. A recent study examining whole blood 
choline levels after hospital admission determined that choline is a 
strong predictor of cardiac arrest or death and may identify high-risk 
unstable angina patients who have not had an acute infarct event [56].

F2 isoprostanes: F2 isoprostanes are a biologically active product 
of arachidonic acid metabolism. The biosynthesis of F2 isoprostanes 
is thought to occur in many different cells involved in the formation 
of atherosclerosis, including monocytes. This has been supported by 
studies showing elevated F2-isoprostane levels in those who smoke 
and have dyslipidaemia and in the urine of those with unstable angina 
[57]. Studies have shown increased levels of free F2 isoprostane in those 
with ACS compared to those without. Increased free F2 isoprostane has 
also been shown to be predictive of a composite end-point of non-fatal 
myocardial infarction, development of heart failure, revascularization, 
and death.

Growth-differentiation factor-15: Growth-differentiation 
factor-15 (GDF-15) is a stress-responsive member of the transforming 
growth factor-b cytokine superfamily and is involved in regulating 
inflammatory and apoptotic pathways needed for development, 
differentiation, and tissue repair in various organs. Under normal 
physiologic conditions, the placenta is the only tissue that expresses 
significant amounts of GDF-15 but has been shown to up-regulate in a 
wide range of cancers and in many tissues following injury, ischaemia, 
and other forms of stress. In vitro experiments of cardiac myocytes have 
suggested that GDF-15 may play a role in cardiac injury and adaptation 
(Figure 1) [58], and GDF-15 may have both prognostic and diagnostic 
value for ACS. Diagnostically, serum GDF-15 levels increase after an 
ischemic event or reperfusion injury, although specificity is poor. As 
a prognostic tool, high levels of GDF-15 have been found to be an 
independent predictor for yearly mortality rate and the use of invasive 
strategy, and they add prognostic value to current cardiac biomarkers, 
including BNP, cTnT, and the thrombolysis in myocardial infarction 
score [59,60]. A high level of GDF-15 on admission of patients with 
ACS has shown to be a strong predictor of recurrent MI and to identify 
patients that would benefit from an invasive strategy.

Copeptin: Preprovasopressin is the precursor peptide for anti-
diuretic hormone, copeptin and neurophysin ll. Anti-diuretic hormone 
is involved in the regulation of the endogenous stress response via 
the hypothalamopituitary- adrenal axis and promotes renal water 
conservation and hence influences osmoregulation and cardiovascular 
homeostasis. Copeptin, the C-terminal portion of provasopressin, is a 
39-amino acid glycopeptide of unknown function in the circulation. 
Anti-diuretic hormone has been shown to be elevated in heart failure 
and in different states of shock but is unstable with a short half life of 
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only 5 to 15 min, Copeptin levels have been found to be significantly 
higher in patients with AMI as compared with patients having other 
diagnoses but only in those presenting early [61]. Normal degrees of 
copeptin secretion mirror vasopressin secretion in maintenance of 
plasma osmolality. However, in severe diseases such as shock, sepsis, 
stroke, or cardiovascular diseases, the nonosmotic release of AVP 
is portrayed by a sharp increase in plasma copeptin, which carries 
diagnostic and prognostic value for myocardial injury.

The Leicester Acute Myocardial Peptide study was the first to 
investigate the prognostic potential of copeptin in patients admitted 
with AMI [62]. Plasma copeptin was the highest on admission and 
reached a plateau at days 3 to 5. Persistently elevated copeptin at this 
later time point was associated with death and readmission for heart 
failure, independent of established conventional risk factors, showing 
that copeptin can be used as a marker of death or heart failure in 
patients with AMI.

The History of Cardiac Biomarkers
Aspartate  transaminase (AST) was found to be elevated in patients 

with AMI in 1954 and was the first cardiac biomarker to be used in 
clinical practice. AST is found in the heart, liver, skeletal muscle, 
kidneys and brain and is currently used clinically as a marker for liver 
health [63-66]. As the use of AST became more widely used, its lack of 
specificity for cardiac tissue injury was appreciated.

Plasma creatine kinase (CK), an enzyme that catalyzes the transfer 
of high-energy phosphate from creatine phosphate to adenosine 
triphosphate, is rapidly released during muscle damage. In 1959, it 
was demonstrated that CK was an extremely sensitive index of skeletal 
muscle disease and one year later, it was also seen in patients with 
AMI [63-66]. In 1960, lactate dehydrogenase (LDH), an enzyme that 
catalyses the reversible oxidation of lactate to pyruvate, was discovered. 
However, LDH is found in all cells and, like AST, is very nonspecific. 
CK was found to be more specific than either AST or LDH because 
low levels of CK in the liver less confound results in those with hepatic 
dysfunction. In 1979, WHO recommended CK, AST and LDH as the  
biomarker components for diagnosis of AMI. Despite this, specificity 
remained a problem, especially in patients with muscle and hepatic 
diseases or injury.

Advances in electrophoresis allowed identification of more 
cardiospecific iso-enzymes of both CK and LDH. Cardiac muscle has 
higher CKMB levels (25–30%) compared with skeletal muscle (1%), 
which is mostly CKMM. The measurement of CKMB, CKMB fraction 
or CKMB/CKMM ratio was a more specific marker for AMI. Cardiac 
muscle is also particularly rich in LDH 1 (or HHHH) and 2 (or HHHM) 
compared with skeletal muscle, which contains primarily LDH 4 and 
5. In the well-oxygenated heart, H subunits are more prominent but 
during infarction they become reduced, thus lowering relative ratios 
of LDH 1 or H subunits.  Unfortunately these CK and LDH isoenzyme 
assays remained lacking in specificity [67-70].

However, the detection and measurement of biomarkers was 
revolutionized by the development of immunoassays (initially 
configured with polyclonal antibodies and then, in the 1980s, with 
monoclonal antibodies) as well as technical advances in automation. 
Monoclonal antibodies allowed measurement of CKMB mass. This 
enabled earlier and more rapid detection of myocardial damage and 
was also more sensitive and specific than the original CKMB activity 
assay. However, with further research it was realized that even CKMB 
mass was elevated in a variety of situations as a result of skeletal 

muscle injury as well as in non-ischaemic cardiac disease and certain 
malignancies [71,72]. 

Recognition of the lack of specificity of CKMB for AMI 
underpinned the search for a test with superior performance. However, 
this improved understanding lead on to a pivotal breakthrough, the 
discovery of troponin.

Troponin is found in both skeletal and cardiac muscle but cardiac 
TnI (cTnI) and TnT (cTnT) isotypes have additional residues on the 
N-amino terminal and can therefore be readily identified as cardiac type 
[73]. TnC cannot. Troponin, as a constituent of the muscle myofibril, 
was discovered in the 1970s but sensitive radioimmunoassays for 
cardiac troponin (cTn) were not developed until the late 1980s. cTn 
was proposed as a specific marker of myocardial necrosis but the high 
sensitivity of cTn compared with CK and CKMB had not been envisaged. 
In 2000, guidelines for the diagnosis of AMI were changed with the 
new definition suggesting cTn as the preferred biomarker [74]. Initial 
scepticism, due to a significant increase in the ‘positive’ rate, a lack of 
assay standardization and a lack of confirmed correlation between cTn 
and histopathology, was eventually replaced by widespread acceptance. 
Assay variability was acknowledged. This led to recommendations for 
only cut-off values with a coefficient of variation (CV) of <10% to be 
employed. The recommended cut-off value was now suggested at the 
99th percentile, much lower than values previously used in practice. 
Many assays were not able to meet precision guidelines at this level 
[75-80]. 

Point of Care Cardiac Markers
There are many commercial point of care (POC) kits for 

measurement of biomarkers including cTn, CKMB, myoglobin and 
BNP/NT-proBNP both individually as well as in multi-marker panels. 
POC devices have been shown to reduce turn-around times compared 
with standard testing due to elimination of sample transfer time, no or 
minimal sample preparation (analysers customarily use whole blood), 
and immediate availability of results. It has been recommended that 
if standard laboratory testing exceeds amaximum 60-minute turn-
around time (the average being 65–128 min) or 25% of decision time, 
then a POC device (with an average turn-around time of 15–26.5 min) 
should be implemented [81-85].

Multi-Marker Testing
The future of biomarkers in the detection of myocardial injury may 

call for a multimarker approach for diagnosis and prognosis (Table 1). 
One study using cTnT, CRP, and NT-proBNP showed that elevations 
in 2 or 3 of these biomarkers predicted worse outcomes than those with 
1 biomarker alone [86]. Current AHA guidelines for cTn measurement 
recommend testing on presentation and again at 8–12 h post 
symptom onset [87] and National Academy of Clinical Biochemistry 
recommends an early marker at 0–6 h and a definitive marker at 
6–9 h post-presentation [88]. With current international guidelines 
recommending disposition of 95% of Emergency Department patients 
at ≤4–6 h, the requirement for follow-up cTn measurement at these 
time points means patient admission to in-patient hospital care or 
observation units. Multiple markers analysed on presentation and/
or repeated within a shorter time interval to comply with Emergency 
Department guidelines, may be sufficient for appropriate risk 
stratification [8]. Studies have shown sensitivities for AMI of 80–
100% for CKMB/ myoglobin up to 4 h post-presentation ,  94–96.7% 
for cTnI/ myoglobin up to 1.5 h post-presentation [89], 92.6% for 
cTnI/ CKMB up to 8 h post-presentation [90] and 100% for cTnI/
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CKMB/ myoglobin up to 2 h post-presentation [91] compared with 
sensitivities for cTn alone of 86 92.3% .These studies used the original 
WHO criteria/CKMB as the gold standard for the diagnosis of AMI 
which may over-estimate test performance. However, the emerging 
generation of hs-Tn assays may obviate the need for these other assays, 
particularly myoglobin and CK-MB, as elevations may precede clear-
cut myocardial necrosis. As we have begun to learn from hs-Tn assays, 
an adequate study of a multitude of assay considerations including 
biologic variability for emerging biomarkers will be necessary prior 
to widespread adoption into routine clinical practice. Regardless, the 
future undoubtedly will call for a more discerning clinician to interpret 
elevations in biomarkers, particularly hs-Tn, in an appropriate clinical 
context.

References

1. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, et al. (2003) From 
vulnerable plaque to vulnerable patient: a call for new definitions and risk 
assessment strategies: Part I. Circulation 108: 1664-1672.

2. Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd, Tracy RE, et al. (1998) 
Association between multiple cardiovascular risk factors and atherosclerosis 
in children and young adults. The Bogalusa Heart Study. N Engl J Med 338: 
1650-1656.

3. Raitakari OT, Juonala M, Kähönen M, Taittonen L, Laitinen T, et al. (2003) 
Cardiovascular risk factors in childhood and carotid artery intima-media 
thickness in adulthood: the Cardiovascular Risk in Young Finns Study. JAMA 
290: 2277-2283.

4. Arthur J Atkinson, Wayne A Colburn, Victor G DeGruttola, David L DeMets, 
Gregory J (2001) Biomarkers and surrogate endpoints: Preferred definitions 
and conceptual framework*Biomarkers and surrogate endpoints: Preferred 
definitions and conceptual framework. Clinical Pharmacology & Therapeutics 
69: 89-95. 

5. Saah AJ, Hoover DR (1997) “Sensitivity” and “specificity” reconsidered: the 
meaning of these terms in analytical and diagnostic settings. Ann Intern Med 
126: 91-94.

6. Dreyfus JC, Schapira G, Rasnais J, Scebat L (1960) Serum creatine kinase in 
the diagnosis of myocardial infarct. Rev Fr Etud Clin Biol 5: 386–387. 

7. Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, et al. (2007) ACC/
AHA 2007 guidelines 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 Guidelines. 
Circulation 116: e148–304. 

8. Bassand JP, Hamm CW, Ardissino D, Boersma E, Budaj A, Fernandez- Aviles 
F (2007) Guidelines for the diagnosis and treatment of non- ST-segment 
elevation acute coronary syndromes. Eur Heart J 28: 1598–1660. 

9. Thygesen K, Alpert JS, White HD; Joint ESC/ACCF/AHA/WHF Task Force 
for the Redefinition of Myocardial Infarction, Jaffe AS, Apple FS, et al. (2007) 
Universal definition of myocardial infarction. Circulation 116: 2634-2653.

10. Morrow DA, Cannon CP, Rifai N, Frey MJ, Vicari R, et al. (2001) Ability of minor 
elevations of troponins I and T to predict benefit from an early invasive strategy 
in patients with unstable angina and non-ST elevation myocardial infarction: 
results from a randomized trial. JAMA 286: 2405-2412.

11. Morrow DA, Antman EM, Tanasijevic M, Rifai N, de Lemos JA, et al. (2000) 
Cardiac troponin I for stratification of early outcomes and the efficacy of 
enoxaparin in unstable angina: a TIMI-11B substudy. J Am Coll Cardiol 36: 
1812–1817. 

12. Mueller C, Neumann FJ, Perruchoud AP, Zeller T, Buettner HJ (2004) 
Prognostic value of quantitative troponin T measurements in unstable angina/
non-ST-segment elevation acute myocardial infarction treated early and 
predominantly with percutaneous coronary intervention. Am J Med 117: 897-
902.

13. Hochholzer W, Buettner HJ, Trenk D, Laule K, Christ M, et al. (2008) New 
definition of myocardial infarction: impact on long-term mortality. Am J Med 
121: 399-405.

14. Hamm CW, Heeschen C, Goldmann B, Vahanian A, Adgey J, et al. (1999) 
Benefit of abciximab in patients with refractory unstable angina in relation to 

serum troponin T levels. c7E3 Fab Antiplatelet Therapy in Unstable Refractory 
Angina (CAPTURE) Study Investigators. N Engl J Med 340: 1623-1629.

15. Kastrati A, Mehilli J, Neumann FJ, Dotzer F, ten Berg J, et al. (2006) Abciximab 
in patients with acute coronary syndromes undergoing percutaneous coronary 
intervention after clopidogrel pretreatment: the ISAR-REACT 2 randomized 
trial. JAMA 295: 1531-1538.

16. Daubert MA, Jeremias A (2010) The utility of troponin measurement to detect 
myocardial infarction: review of the current findings. Vasc Health Risk Manag 
6: 691–699. 

17. Morrow DA, Cannon CP, Jesse RL, Newby LK, Ravkilde J, et al. (2007) National 
Academy of Clinical Biochemistry Laboratory Medicine Practice Guidelines: 
clinical characteristics and utilization of biochemical markers in acute coronary 
syndromes. Clin Chem 53: 552-574.

18. Gerhardt W, Nordin G, Ljungdahl L (1999) Can troponin T replace CK MBmass 
as “gold standard” for acute myocardial infarction (“AMI”)? Scand J Clin Lab 
Invest Suppl 230: 83-89.

19. Higgins JP, Higgins JA (2003) Elevation of cardiac troponin I indicates more 
than myocardial ischemia. Clin Invest Med 26: 133-147.

20. Katus HA, Remppis A, Scheffold T, Diederich KW, Kuebler W (1991) 
Intracellular compartmentation of cardiac troponin T and its release kinetics in 
patients with reperfused and nonreperfused myocardial infarction. Am J Cardiol 
67: 1360-1367.

21. Tucker JF, Collins RA, Anderson AJ, Hauser J, Kalas J, et al. (1997) Early 
diagnostic efficiency of cardiac troponin I and Troponin T for acute myocardial 
infarction. Acad Emerg Med 4: 13-21.

22. Apple FS, Smith SW, Pearce LA, Ler R, Murakami MM (2008) Use of the 
Centaur TnI-Ultra assay for detection of myocardial infarction and adverse 
events in patients presenting with symptoms suggestive of acute coronary 
syndrome. Clin Chem 54: 723–728. 

23. Panteghini M, Pagani F, Yeo KT, Apple FS, Christenson RH, et al. 
(2004) Evaluation of imprecision for cardiac troponin assays at low-range 
concentrations. Clin Chem 50: 327-332.

24. Weber M, Bazzino O, Navarro Estrada JL, de Miguel R, Salzberg S, et al. 
(2011) Improved diagnostic and prognostic performance of a new high-
sensitive troponin T assay in patients with acute coronary syndrome. Am Heart 
J 162: 81-88.

25. Jaffe AS, Lindahl B, Katus HA (2011) Sensitive troponin I assay in patients with 
suspected acute coronary syndrome. JAMA 306: 488-489.

26. Thygesen K, Mair J, Katus H, Plebani M, Venge P, et al. (2010) 
Recommendations for the use of cardiac troponin measurement in acute 
cardiac care. Eur Heart J 31: 2197-2204.

27. deFilippi CR, de Lemos JA, Christenson RH, Gottdiener JS, Kop WJ, et al. 
(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: 2494-2502.

28. Mair J, Artner-Dworzak E, Lechleitner P, Morass B, Smidt J, et al. (1992) 
Early diagnosis of acute myocardial infarction by a newly developed rapid 
immunoturbidimetric assay for myoglobin. Br Heart J 68: 462-468.

29. Melanson SF, Lewandrowski EL, Januzzi JL, Lewandrowski KB (2004) 
Reevaluation of myoglobin for acute chest pain evaluation: would false-positive 
results on “first-draw” specimens lead to increased hospital admissions? Am J 
Clin Pathol 121: 804-808.

30. de Winter RJ, Koster RW, Sturk A, Sanders GT (1995) Value of myoglobin, 
troponin T, and CK-MBmass in ruling out an acute myocardial infarction in the 
emergency room. Circulation 92: 3401-3407.

31. Gilkeson G, Stone MJ, Waterman M, Ting R, Gomez-Sanchez CE, et al. (1978) 
Detection of myoglobin by radioimmmunoassay in human sera: its usefulness 
and limitations as an emergency room screening test for acute myocardial 
infarction. Am Heart J 95: 70-77.

32. Chan D, Ng LL (2010) Biomarkers in acute myocardial infarction. BMC Med 
8: 34.

33. Haltern G, Peiniger S, Bufe A, Reiss G, Gülker H, et al. (2010) Comparison of 
usefulness of heart-type fatty acid binding protein versus cardiac troponin T for 
diagnosis of acute myocardial infarction. Am J Cardiol 105: 1-9.

34. Mad P, Domanovits H, Fazelnia C, Stiassny K, Russmüller G, et al. (2007) 

http://www.ncbi.nlm.nih.gov/pubmed/14530185
http://www.ncbi.nlm.nih.gov/pubmed/14530185
http://www.ncbi.nlm.nih.gov/pubmed/14530185
http://www.ncbi.nlm.nih.gov/pubmed/9614255
http://www.ncbi.nlm.nih.gov/pubmed/9614255
http://www.ncbi.nlm.nih.gov/pubmed/9614255
http://www.ncbi.nlm.nih.gov/pubmed/9614255
http://www.ncbi.nlm.nih.gov/pubmed/14600186
http://www.ncbi.nlm.nih.gov/pubmed/14600186
http://www.ncbi.nlm.nih.gov/pubmed/14600186
http://www.ncbi.nlm.nih.gov/pubmed/14600186
http://www.nature.com/clpt/journal/v69/n3/full/clpt200113a.html
http://www.nature.com/clpt/journal/v69/n3/full/clpt200113a.html
http://www.nature.com/clpt/journal/v69/n3/full/clpt200113a.html
http://www.nature.com/clpt/journal/v69/n3/full/clpt200113a.html
http://www.nature.com/clpt/journal/v69/n3/full/clpt200113a.html
http://www.ncbi.nlm.nih.gov/pubmed/8992938
http://www.ncbi.nlm.nih.gov/pubmed/8992938
http://www.ncbi.nlm.nih.gov/pubmed/8992938
http://www.ncbi.nlm.nih.gov/pubmed/13818103
http://www.ncbi.nlm.nih.gov/pubmed/13818103
http://www.ncbi.nlm.nih.gov/pubmed/17679616
http://www.ncbi.nlm.nih.gov/pubmed/17679616
http://www.ncbi.nlm.nih.gov/pubmed/17679616
http://www.ncbi.nlm.nih.gov/pubmed/17679616
http://www.ncbi.nlm.nih.gov/pubmed/17679616
http://www.ncbi.nlm.nih.gov/pubmed/17569677
http://www.ncbi.nlm.nih.gov/pubmed/17569677
http://www.ncbi.nlm.nih.gov/pubmed/17569677
http://www.ncbi.nlm.nih.gov/pubmed/17951284
http://www.ncbi.nlm.nih.gov/pubmed/17951284
http://www.ncbi.nlm.nih.gov/pubmed/17951284
http://www.ncbi.nlm.nih.gov/pubmed/11712935
http://www.ncbi.nlm.nih.gov/pubmed/11712935
http://www.ncbi.nlm.nih.gov/pubmed/11712935
http://www.ncbi.nlm.nih.gov/pubmed/11712935
http://www.ncbi.nlm.nih.gov/pubmed/11092649
http://www.ncbi.nlm.nih.gov/pubmed/11092649
http://www.ncbi.nlm.nih.gov/pubmed/11092649
http://www.ncbi.nlm.nih.gov/pubmed/11092649
http://www.ncbi.nlm.nih.gov/pubmed/15629727
http://www.ncbi.nlm.nih.gov/pubmed/15629727
http://www.ncbi.nlm.nih.gov/pubmed/15629727
http://www.ncbi.nlm.nih.gov/pubmed/15629727
http://www.ncbi.nlm.nih.gov/pubmed/15629727
http://www.ncbi.nlm.nih.gov/pubmed/18456036
http://www.ncbi.nlm.nih.gov/pubmed/18456036
http://www.ncbi.nlm.nih.gov/pubmed/18456036
http://www.ncbi.nlm.nih.gov/pubmed/10341274
http://www.ncbi.nlm.nih.gov/pubmed/10341274
http://www.ncbi.nlm.nih.gov/pubmed/10341274
http://www.ncbi.nlm.nih.gov/pubmed/10341274
http://www.ncbi.nlm.nih.gov/pubmed/16533938
http://www.ncbi.nlm.nih.gov/pubmed/16533938
http://www.ncbi.nlm.nih.gov/pubmed/16533938
http://www.ncbi.nlm.nih.gov/pubmed/16533938
http://www.ncbi.nlm.nih.gov/pubmed/20859540
http://www.ncbi.nlm.nih.gov/pubmed/20859540
http://www.ncbi.nlm.nih.gov/pubmed/20859540
http://www.ncbi.nlm.nih.gov/pubmed/17384001
http://www.ncbi.nlm.nih.gov/pubmed/17384001
http://www.ncbi.nlm.nih.gov/pubmed/17384001
http://www.ncbi.nlm.nih.gov/pubmed/17384001
http://www.ncbi.nlm.nih.gov/pubmed/10389206
http://www.ncbi.nlm.nih.gov/pubmed/10389206
http://www.ncbi.nlm.nih.gov/pubmed/10389206
http://www.ncbi.nlm.nih.gov/pubmed/12858947
http://www.ncbi.nlm.nih.gov/pubmed/12858947
http://www.ncbi.nlm.nih.gov/pubmed/1904190
http://www.ncbi.nlm.nih.gov/pubmed/1904190
http://www.ncbi.nlm.nih.gov/pubmed/1904190
http://www.ncbi.nlm.nih.gov/pubmed/1904190
http://www.ncbi.nlm.nih.gov/pubmed/9110006
http://www.ncbi.nlm.nih.gov/pubmed/9110006
http://www.ncbi.nlm.nih.gov/pubmed/9110006
http://www.ncbi.nlm.nih.gov/pubmed/18238833
http://www.ncbi.nlm.nih.gov/pubmed/18238833
http://www.ncbi.nlm.nih.gov/pubmed/18238833
http://www.ncbi.nlm.nih.gov/pubmed/18238833
http://www.ncbi.nlm.nih.gov/pubmed/14656904
http://www.ncbi.nlm.nih.gov/pubmed/14656904
http://www.ncbi.nlm.nih.gov/pubmed/14656904
http://www.ncbi.nlm.nih.gov/pubmed/21742093
http://www.ncbi.nlm.nih.gov/pubmed/21742093
http://www.ncbi.nlm.nih.gov/pubmed/21742093
http://www.ncbi.nlm.nih.gov/pubmed/21742093
http://www.ncbi.nlm.nih.gov/pubmed/21813423
http://www.ncbi.nlm.nih.gov/pubmed/21813423
http://www.ncbi.nlm.nih.gov/pubmed/20685679
http://www.ncbi.nlm.nih.gov/pubmed/20685679
http://www.ncbi.nlm.nih.gov/pubmed/20685679
http://www.ncbi.nlm.nih.gov/pubmed/21078811
http://www.ncbi.nlm.nih.gov/pubmed/21078811
http://www.ncbi.nlm.nih.gov/pubmed/21078811
http://www.ncbi.nlm.nih.gov/pubmed/21078811
http://www.ncbi.nlm.nih.gov/pubmed/1467029
http://www.ncbi.nlm.nih.gov/pubmed/1467029
http://www.ncbi.nlm.nih.gov/pubmed/1467029
http://www.ncbi.nlm.nih.gov/pubmed/15198351
http://www.ncbi.nlm.nih.gov/pubmed/15198351
http://www.ncbi.nlm.nih.gov/pubmed/15198351
http://www.ncbi.nlm.nih.gov/pubmed/15198351
http://www.ncbi.nlm.nih.gov/pubmed/8521560
http://www.ncbi.nlm.nih.gov/pubmed/8521560
http://www.ncbi.nlm.nih.gov/pubmed/8521560
http://www.ncbi.nlm.nih.gov/pubmed/619592
http://www.ncbi.nlm.nih.gov/pubmed/619592
http://www.ncbi.nlm.nih.gov/pubmed/619592
http://www.ncbi.nlm.nih.gov/pubmed/619592
http://www.ncbi.nlm.nih.gov/pubmed/20529285
http://www.ncbi.nlm.nih.gov/pubmed/20529285
http://www.ncbi.nlm.nih.gov/pubmed/20102882
http://www.ncbi.nlm.nih.gov/pubmed/20102882
http://www.ncbi.nlm.nih.gov/pubmed/20102882
http://www.ncbi.nlm.nih.gov/pubmed/17347171


Citation: Ahmad MI, Sharma N (2012) Biomarkers in Acute Myocardial Infarction. J Clin Exp Cardiolog 3:222. doi:10.4172/2155-9880.1000222

Page 7 of 8

Volume 3 • Issue 11 • 1000222
J Clin Exp Cardiolog

ISSN:2155-9880 JCEC, an open access journal 

Human heart-type fatty-acid-binding protein as a point-of-care test in the early 
diagnosis of acute myocardial infarction. QJM 100: 203-210.

35. Ruzgar O, Bilge AK, Bugra Z (2006) The use of human heart-type fatty acid-
binding protein as an early diagnostic biochemical marker of myocardial 
necrosis in patients with acute coronary syndrome, and its comparison with 
troponin-T and creatine kinase-myocardial band. Heart Vessels 21: 309–314. 

36. Jolly SS, Shenkman H, Brieger D, Fox KA, Yan AT, et al. (2011) Quantitative 
troponin and death, cardiogenic shock, cardiac arrest and new heart failure 
in patients with non-ST-segment elevation acute coronary syndromes (NSTE 
ACS): insights from the Global Registry of Acute Coronary Events. Heart 97: 
197-202.

37. Glatz JF, van der Vusse GJ, Simoons ML, Kragten JA, van Dieijen-Visser 
MP, et al. (1998) Fatty acid-binding protein and the early detection of acute 
myocardial infarction. Clin Chim Acta 272: 87-92.

38. Sharma R, Gaze DC, Pellerin D, Mehta RL, Gregson H, et al. (2007) Evaluation 
of ischaemia-modified albumin as a marker of myocardial ischaemia in end-
stage renal disease. Clin Sci (Lond) 113: 25-32.

39. Lee YW, Kim HJ, Cho YH, Shin HB, Choi TY, et al. (2007) Application of 
albumin-adjusted ischemia modified albumin index as an early screening 
marker for acute coronary syndrome. Clin Chim Acta 384: 24-27.

40. Duffy JR, Salerno M (2004) New blood test to measure heart attack risk: 
C-reactive protein. J Cardiovasc Nurs 19: 425-429.

41. De Servi S, Mariani M, Mariani G, Mazzone A (2005) C-reactive protein 
increase in unstable coronary disease cause or effect? J Am Coll Cardiol 46: 
1496–1502. 

42. Pietilä K, Harmoinen A, Hermens W, Simoons ML, Van de Werf F, et al. (1993) 
Serum C-reactive protein and infarct size in myocardial infarct patients with 
a closed versus an open infarct-related coronary artery after thrombolytic 
therapy. Eur Heart J 14: 915-919.

43. Lindahl B, Toss H, Siegbahn A, Venge P, Wallentin L (2000) Markers of 
myocardial damage and inflammation in relation to long-term mortality in 
unstable coronary artery disease. FRISC Study Group. Fragmin during 
Instability in Coronary Artery Disease. N Engl J Med 343: 1139-1147.

44. de Winter RJ, Bholasingh R, Lijmer JG, Koster RW, Gorgels JP, et al. (1999) 
Independent prognostic value of C-reactive protein and troponin I in patients 
with unstable angina or non-Q-wave myocardial infarction. Cardiovasc Res 42: 
240-245.

45. Heeschen C, Hamm CW, Bruemmer J, Simoons ML (2000) Predictive 
value of C-reactive protein and troponin T in patients with unstable angina: 
a comparative analysis. CAPTURE Investigators. Chimeric c7E3 antiplatelet 
therapy in unstable angina refractory to standard treatment trial. JAm Coll 
Cardiol 35: 1535–1542. 

46. Bodí V, Sanchis J, López-Lereu MP, Losada A, Núñez J, et al. (2005) 
Usefulness of a comprehensive cardiovascular magnetic resonance imaging 
assessment for predicting recovery of left ventricular wall motion in the setting 
of myocardial stunning. J Am Coll Cardiol 46: 1747-1752.

47. Wang J, Zhang S, Jin Y, Qin G, Yu L, et al. (2007) Elevated levels of platelet-
monocyte aggregates and related circulating biomarkers in patients with acute 
coronary syndrome. Int J Cardiol 115: 361-365.

48. Khan SQ, Kelly D, Quinn P, Davies JE, Ng LL (2007) Myeloperoxidase aids 
prognostication together with N-terminal pro-B-type natriuretic peptide in high-
risk patients with acute ST elevation myocardial infarction. Heart 93: 826-831.

49. Cavusoglu E, Ruwende C, Eng C, Chopra V, Yanamadala S, et al. (2007) 
Usefulness of baseline plasma myeloperoxidase levels as an independent 
predictor of myocardial infarction at two years in patients presenting with acute 
coronary syndrome. Am J Cardiol 99: 1364-1368.

50. Eggers KM, Dellborg M, Johnston N, Oldgren J, Swahn E, et al. (2010) 
Myeloperoxidase is not useful for the early assessment of patients with chest 
pain. Clin Biochem 43: 240-245.

51. Wang J, Zhang S, Jin Y, Qin G, Yu L, et al. (2007) Elevated levels of platelet-
monocyte aggregates and related circulating biomarkers in patients with acute 
coronary syndrome. Int J Cardiol 115: 361-365.

52. Heeschen C, Dimmeler S, Hamm CW, van den Brand MJ, Boersma E, et al. 
(2003) Soluble CD40 ligand in acute coronary syndromes. N Engl J Med 348: 
1104-1111.

53. Kodama Y, Kitta Y, Nakamura T, Takano H, Umetani K, et al. (2006) Atorvastatin 
increases plasma soluble Fms-like tyrosine kinase-1 and decreases vascular 
endothelial growth factor and placental growth factor in association with 
improvement of ventricular function in acute myocardial infarction. J Am Coll 
Cardiol 48: 43-50.

54. Iwama H, Uemura S, Naya N, Imagawa K, Takemoto Y, et al. (2006) Cardiac 
expression of placental growth factor predicts the improvement of chronic 
phase left ventricular function in patients with acute myocardial infarction. J Am 
Coll Cardiol 47: 1559-1567.

55. Zeisel SH, da Costa KA (2009) Choline: an essential nutrient for public health. 
Nutr Rev 67: 615-623.

56. Danne O, Möckel M, Lueders C, Mügge C, Zschunke GA, et al. (2003) 
Prognostic implications of elevated whole blood choline levels in acute coronary 
syndromes. Am J Cardiol 91: 1060-1067.

57. LeLeiko RM, Vaccari CS, Sola S, Merchant N, Nagamia SH, et al. (2009) 
Usefulness of elevations in serum choline and free F2)-isoprostane to predict 
30-day cardiovascular outcomes in patients with acute coronary syndrome. Am 
J Cardiol 104: 638-643.

58. Xu J, Kimball TR, Lorenz JN, Brown DA, Bauskin AR, et al. (2006) GDF15/
MIC-1 functions as a protective and antihypertrophic factor released from the 
myocardium in association with SMAD protein activation. Circ Res 98: 342-350.

59. Kempf T, Sinning JM, Quint A, Bickel C, Sinning C, et al. (2009) Growth-
differentiation factor-15 for risk stratification in patients with stable and unstable 
coronary heart disease: results from the AtheroGene study. Circ Cardiovasc 
Genet 2: 286-292.

60. Kempf T, Björklund E, Olofsson S, Lindahl B, Allhoff T, et al. (2007) Growth-
differentiation factor-15 improves risk stratification in ST-segment elevation 
myocardial infarction. Eur Heart J 28: 2858–2865. 

61. Reichlin T, Hochholzer W, Stelzig C, Laule K, Freidank H, et al. (2009) 
Incremental value of copeptin for rapid rule out of acute myocardial infarction. 
J Am Coll Cardiol 54: 60-68.

62. Khan SQ, Dhillon OS, O’Brien RJ, Struck J, Quinn PA, et al. (2007) C-terminal 
provasopressin (copeptin) as a novel and prognostic marker in acute 
myocardial infarction: Leicester Acute Myocardial Infarction Peptide (LAMP) 
study. Circulation 115: 2103-2110.

63. Dolci A, Panteghini M (2006) The exciting story of cardiac biomarkers: from 
retrospective detection to gold diagnostic standard for acute myocardial 
infarction and more. Clin Chim Acta 369: 179-187.

64. Ladenson JH (2007) A personal history of markers of myocyte injury [myocardial 
infarction]. Clin Chim Acta 381: 3-8.

65. Ruzich RS (1992) Cardiac enzymes. How to use serial determinations to 
confirm acute myocardial infarction. Postgrad Med 92: 85-89, 92.

66. Lee TH, Goldman L (1986) Serum enzyme assays in the diagnosis of acute 
myocardial infarction. Recommendations based on a quantitative analysis. Ann 
Intern Med 105: 221-233.

67. Johnston CC, Bolton EC (1982) Cardiac enzymes. Ann Emerg Med 11: 27-35.

68. [No authors listed] (1991) Troponin T and myocardial damage. Lancet 338: 
23-24.

69. Apple FS (1992) Acute myocardial infarction and coronary reperfusion. Serum 
cardiac markers for the 1990s. Am J Clin Pathol 97: 217-226.

70. Nowakowski JF (1986) Use of cardiac enzymes in the evaluation of acute chest 
pain. Ann Emerg Med 15: 354-360.

71. Rosalki SB, Roberts R, Katus HA, Giannitsis E, Ladenson JH, et al. (2004) 
Cardiac biomarkers for detection of myocardial infarction: perspectives from 
past to present. Clin Chem 50: 2205-2213.

72. Lott JA, Stang JM (1980) Serum enzymes and isoenzymes in the diagnosis 
and differential diagnosis of myocardial ischemia and necrosis. Clin Chem 26: 
1241-1250.

73. Gerhardt W, Katus H, Ravkilde J, Hamm C, Jørgensen PJ, et al. (1991) 
S-troponin T in suspected ischemic myocardial injury compared with mass and 
catalytic concentrations of S-creatine kinase isoenzyme MB. Clin Chem 37: 
1405-1411.

74. No authors listed (2000) Myocardial infarction redefined—a consensus 

http://www.ncbi.nlm.nih.gov/pubmed/17347171
http://www.ncbi.nlm.nih.gov/pubmed/17347171
http://www.ncbi.nlm.nih.gov/pubmed/17151819
http://www.ncbi.nlm.nih.gov/pubmed/17151819
http://www.ncbi.nlm.nih.gov/pubmed/17151819
http://www.ncbi.nlm.nih.gov/pubmed/17151819
http://www.ncbi.nlm.nih.gov/pubmed/21076124
http://www.ncbi.nlm.nih.gov/pubmed/21076124
http://www.ncbi.nlm.nih.gov/pubmed/21076124
http://www.ncbi.nlm.nih.gov/pubmed/21076124
http://www.ncbi.nlm.nih.gov/pubmed/21076124
http://www.ncbi.nlm.nih.gov/pubmed/9581860
http://www.ncbi.nlm.nih.gov/pubmed/9581860
http://www.ncbi.nlm.nih.gov/pubmed/9581860
http://www.ncbi.nlm.nih.gov/pubmed/17284166
http://www.ncbi.nlm.nih.gov/pubmed/17284166
http://www.ncbi.nlm.nih.gov/pubmed/17284166
http://www.ncbi.nlm.nih.gov/pubmed/17570353
http://www.ncbi.nlm.nih.gov/pubmed/17570353
http://www.ncbi.nlm.nih.gov/pubmed/17570353
http://www.ncbi.nlm.nih.gov/pubmed/15529066
http://www.ncbi.nlm.nih.gov/pubmed/15529066
http://www.ncbi.nlm.nih.gov/pubmed/16226174
http://www.ncbi.nlm.nih.gov/pubmed/16226174
http://www.ncbi.nlm.nih.gov/pubmed/16226174
http://www.ncbi.nlm.nih.gov/pubmed/8375415
http://www.ncbi.nlm.nih.gov/pubmed/8375415
http://www.ncbi.nlm.nih.gov/pubmed/8375415
http://www.ncbi.nlm.nih.gov/pubmed/8375415
http://www.ncbi.nlm.nih.gov/pubmed/11036119
http://www.ncbi.nlm.nih.gov/pubmed/11036119
http://www.ncbi.nlm.nih.gov/pubmed/11036119
http://www.ncbi.nlm.nih.gov/pubmed/11036119
http://www.ncbi.nlm.nih.gov/pubmed/10435016
http://www.ncbi.nlm.nih.gov/pubmed/10435016
http://www.ncbi.nlm.nih.gov/pubmed/10435016
http://www.ncbi.nlm.nih.gov/pubmed/10435016
http://www.ncbi.nlm.nih.gov/pubmed/10807457
http://www.ncbi.nlm.nih.gov/pubmed/10807457
http://www.ncbi.nlm.nih.gov/pubmed/10807457
http://www.ncbi.nlm.nih.gov/pubmed/10807457
http://www.ncbi.nlm.nih.gov/pubmed/10807457
http://www.ncbi.nlm.nih.gov/pubmed/16256880
http://www.ncbi.nlm.nih.gov/pubmed/16256880
http://www.ncbi.nlm.nih.gov/pubmed/16256880
http://www.ncbi.nlm.nih.gov/pubmed/16256880
http://www.ncbi.nlm.nih.gov/pubmed/16887214
http://www.ncbi.nlm.nih.gov/pubmed/16887214
http://www.ncbi.nlm.nih.gov/pubmed/16887214
http://www.ncbi.nlm.nih.gov/pubmed/17194712
http://www.ncbi.nlm.nih.gov/pubmed/17194712
http://www.ncbi.nlm.nih.gov/pubmed/17194712
http://www.ncbi.nlm.nih.gov/pubmed/17493461
http://www.ncbi.nlm.nih.gov/pubmed/17493461
http://www.ncbi.nlm.nih.gov/pubmed/17493461
http://www.ncbi.nlm.nih.gov/pubmed/17493461
http://www.ncbi.nlm.nih.gov/pubmed/19822136
http://www.ncbi.nlm.nih.gov/pubmed/19822136
http://www.ncbi.nlm.nih.gov/pubmed/19822136
http://www.ncbi.nlm.nih.gov/pubmed/16887214
http://www.ncbi.nlm.nih.gov/pubmed/16887214
http://www.ncbi.nlm.nih.gov/pubmed/16887214
http://www.ncbi.nlm.nih.gov/pubmed/12646667
http://www.ncbi.nlm.nih.gov/pubmed/12646667
http://www.ncbi.nlm.nih.gov/pubmed/12646667
http://www.ncbi.nlm.nih.gov/pubmed/16814647
http://www.ncbi.nlm.nih.gov/pubmed/16814647
http://www.ncbi.nlm.nih.gov/pubmed/16814647
http://www.ncbi.nlm.nih.gov/pubmed/16814647
http://www.ncbi.nlm.nih.gov/pubmed/16814647
http://www.ncbi.nlm.nih.gov/pubmed/16630991
http://www.ncbi.nlm.nih.gov/pubmed/16630991
http://www.ncbi.nlm.nih.gov/pubmed/16630991
http://www.ncbi.nlm.nih.gov/pubmed/16630991
http://www.ncbi.nlm.nih.gov/pubmed/19906248
http://www.ncbi.nlm.nih.gov/pubmed/19906248
http://www.ncbi.nlm.nih.gov/pubmed/12714147
http://www.ncbi.nlm.nih.gov/pubmed/12714147
http://www.ncbi.nlm.nih.gov/pubmed/12714147
http://www.ncbi.nlm.nih.gov/pubmed/19699337
http://www.ncbi.nlm.nih.gov/pubmed/19699337
http://www.ncbi.nlm.nih.gov/pubmed/19699337
http://www.ncbi.nlm.nih.gov/pubmed/19699337
http://www.ncbi.nlm.nih.gov/pubmed/16397142
http://www.ncbi.nlm.nih.gov/pubmed/16397142
http://www.ncbi.nlm.nih.gov/pubmed/16397142
http://www.ncbi.nlm.nih.gov/pubmed/20031597
http://www.ncbi.nlm.nih.gov/pubmed/20031597
http://www.ncbi.nlm.nih.gov/pubmed/20031597
http://www.ncbi.nlm.nih.gov/pubmed/20031597
http://www.ncbi.nlm.nih.gov/pubmed/17977844
http://www.ncbi.nlm.nih.gov/pubmed/17977844
http://www.ncbi.nlm.nih.gov/pubmed/17977844
http://www.ncbi.nlm.nih.gov/pubmed/19555842
http://www.ncbi.nlm.nih.gov/pubmed/19555842
http://www.ncbi.nlm.nih.gov/pubmed/19555842
http://www.ncbi.nlm.nih.gov/pubmed/17420344
http://www.ncbi.nlm.nih.gov/pubmed/17420344
http://www.ncbi.nlm.nih.gov/pubmed/17420344
http://www.ncbi.nlm.nih.gov/pubmed/17420344
http://www.ncbi.nlm.nih.gov/pubmed/16698005
http://www.ncbi.nlm.nih.gov/pubmed/16698005
http://www.ncbi.nlm.nih.gov/pubmed/16698005
http://www.ncbi.nlm.nih.gov/pubmed/17451663
http://www.ncbi.nlm.nih.gov/pubmed/17451663
http://www.ncbi.nlm.nih.gov/pubmed/1437917
http://www.ncbi.nlm.nih.gov/pubmed/1437917
http://www.ncbi.nlm.nih.gov/pubmed/3524337
http://www.ncbi.nlm.nih.gov/pubmed/3524337
http://www.ncbi.nlm.nih.gov/pubmed/3524337
http://www.ncbi.nlm.nih.gov/pubmed/7034597
http://www.ncbi.nlm.nih.gov/pubmed/1676090
http://www.ncbi.nlm.nih.gov/pubmed/1676090
http://www.ncbi.nlm.nih.gov/pubmed/1546691
http://www.ncbi.nlm.nih.gov/pubmed/1546691
http://www.ncbi.nlm.nih.gov/pubmed/3511799
http://www.ncbi.nlm.nih.gov/pubmed/3511799
http://www.ncbi.nlm.nih.gov/pubmed/15502101
http://www.ncbi.nlm.nih.gov/pubmed/15502101
http://www.ncbi.nlm.nih.gov/pubmed/15502101
http://www.ncbi.nlm.nih.gov/pubmed/6994925
http://www.ncbi.nlm.nih.gov/pubmed/6994925
http://www.ncbi.nlm.nih.gov/pubmed/6994925
http://www.ncbi.nlm.nih.gov/pubmed/1868602
http://www.ncbi.nlm.nih.gov/pubmed/1868602
http://www.ncbi.nlm.nih.gov/pubmed/1868602
http://www.ncbi.nlm.nih.gov/pubmed/1868602
http://www.ncbi.nlm.nih.gov/pubmed/10973764


Citation: Ahmad MI, Sharma N (2012) Biomarkers in Acute Myocardial Infarction. J Clin Exp Cardiolog 3:222. doi:10.4172/2155-9880.1000222

Page 8 of 8

Volume 3 • Issue 11 • 1000222
J Clin Exp Cardiolog

ISSN:2155-9880 JCEC, an open access journal 

document of The Joint European Society of Cardiology/American College of 
Cardiology Committee for the redefinition of myocardial infarction. Eur Heart 
J 21: 1502–1513. 

75. Newby LK, Alpert JS, Ohman EM, Thygesen K, Califf RM (2002) Changing the 
diagnosis of acute myocardial infarction: implications for practice and clinical 
investigations. Am Heart J 144: 957-980.

76. Fox R (2002) Impact of revised criteria for myocardial infarction. Circulation 
106: e9033.

77. Ferguson JL, Beckett GJ, Stoddart M, Walker SW, Fox KA (2002) Myocardial 
infarction redefined: the new ACC/ESC definition, based on cardiac troponin, 
increases the apparent incidence of infarction. Heart 88: 343-347.

78. Amit G, Gilutz H, Cafri C, Wolak A, Ilia R, et al. (2004) What have the new 
definition of acute myocardial infarction and the introduction of troponin 
measurement done to the coronary care unit? Impacts on admission rate, 
length of stay, case mix and mortality. Cardiology 102: 171-176.

79. Roger VL, Killian JM, Weston SA, Jaffe AS, Kors J, et al. (2006) Redefinition 
of myocardial infarction: prospective evaluation in the community. Circulation 
114: 790-797.

80. Yang Z, Min Zhou D (2006) Cardiac markers and their point-of-care testing for 
diagnosis of acute myocardial infarction. Clin Biochem 39: 771-780.

81. Di Serio F, Antonelli G, Trerotoli P, Tampoia M, Matarrese A, et al. (2003) 
Appropriateness of point-of-care testing (POCT) in an emergency department. 
Clin Chim Acta 333: 185-189.

82. Azzazy HM, Christenson RH (2002) Cardiac markers of acute coronary 
syndromes: is there a case for point-of-care testing? Clin Biochem 35: 13-27.

83. McCord J, Nowak RM, McCullough PA, Foreback C, Borzak S, et al. (2001) 
Ninety-minute exclusion of acute myocardial infarction by use of quantitative 
point-of-care testing of myoglobin and troponin I. Circulation 104: 1483-1488.

84. Stubbs P, Collinson PO (2001) Point-of-care testing: a cardiologist’s view. Clin 
Chim Acta 311: 57-61.

85. Tello-Montoliu A, Marín F, Roldán V, Mainar L, López MT, et al. (2007) A 
multimarker risk stratification approach to non-ST elevation acute coronary 
syndrome: implications of troponin T, CRP, NT pro-BNP and fibrin D-dimer 
levels. J Intern Med 262: 651-658.

86. Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, et al. (2007) 
ACC/AHA 2007 guidelines 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 
Guidelines (Writing Committee to Revise the 2002 Guidelines for the 
Management of Patients With Unstable Angina/Non-ST-Elevation Myocardial 
Infarction) developed in collaboration with the American College of Emergency 
Physicians, the Society for Cardiovascular Angiography and Interventions, and 
the Society of Thoracic Surgeons endorsed by the American Association of 
Cardiovascular and Pulmonary Rehabilitation and the Society for Academic 
Emergency Medicine. J Am Coll Cardiol 50: e1–e157. 

87. NACB Writing Group, Wu AH, Jaffe AS, Apple FS, Jesse RL, et al. (2007) 
National Academy of Clinical Biochemistry laboratory medicine practice 
guidelines: use of cardiac troponin and B-type natriuretic peptide or N-terminal 
proB-type natriuretic peptide for etiologies other than acute coronary syndromes 
and heart failure. Clin Chem 53: 2086-2096.

88. McCord J, Nowak RM, McCullough PA, Foreback C, Borzak S, et al. (2001) 
Ninety-minute exclusion of acute myocardial infarction by use of quantitative 
point-of-care testing of myoglobin and troponin I. Circulation 104: 1483-1488.

89. Kontos MC, Anderson FP, Hanbury CM, Roberts CS, Miller WG, et al. (1997) 
Use of the combination of myoglobin and CK-MB mass for the rapid diagnosis 
of acute myocardial infarction. Am J Emerg Med 15: 14-19.

90. Hillis GS, Zhao N, Taggart P, Dalsey WC, Mangione A (1999) Utility of cardiac 
troponin I, creatine kinase-MB(mass), myosin light chain 1, and myoglobin in 
the early in-hospital triage of “high risk” patients with chest pain. Heart 82: 614-
620.

91. Macdonald SP, Nagree Y (2008) Rapid risk stratification in suspected acute 
coronary syndrome using serial multiple cardiac biomarkers: a pilot study. 
Emerg Med Australas 20: 403-409.

http://www.ncbi.nlm.nih.gov/pubmed/10973764
http://www.ncbi.nlm.nih.gov/pubmed/10973764
http://www.ncbi.nlm.nih.gov/pubmed/10973764
http://www.ncbi.nlm.nih.gov/pubmed/12486420
http://www.ncbi.nlm.nih.gov/pubmed/12486420
http://www.ncbi.nlm.nih.gov/pubmed/12486420
http://www.ncbi.nlm.nih.gov/pubmed/12234970
http://www.ncbi.nlm.nih.gov/pubmed/12234970
http://www.ncbi.nlm.nih.gov/pubmed/12231588
http://www.ncbi.nlm.nih.gov/pubmed/12231588
http://www.ncbi.nlm.nih.gov/pubmed/12231588
http://www.ncbi.nlm.nih.gov/pubmed/15334029
http://www.ncbi.nlm.nih.gov/pubmed/15334029
http://www.ncbi.nlm.nih.gov/pubmed/15334029
http://www.ncbi.nlm.nih.gov/pubmed/15334029
http://www.ncbi.nlm.nih.gov/pubmed/16908764
http://www.ncbi.nlm.nih.gov/pubmed/16908764
http://www.ncbi.nlm.nih.gov/pubmed/16908764
http://www.ncbi.nlm.nih.gov/pubmed/16836992
http://www.ncbi.nlm.nih.gov/pubmed/16836992
http://www.ncbi.nlm.nih.gov/pubmed/12849903
http://www.ncbi.nlm.nih.gov/pubmed/12849903
http://www.ncbi.nlm.nih.gov/pubmed/12849903
http://www.ncbi.nlm.nih.gov/pubmed/11937074
http://www.ncbi.nlm.nih.gov/pubmed/11937074
http://www.ncbi.nlm.nih.gov/pubmed/11571240
http://www.ncbi.nlm.nih.gov/pubmed/11571240
http://www.ncbi.nlm.nih.gov/pubmed/11571240
http://www.ncbi.nlm.nih.gov/pubmed/11557255
http://www.ncbi.nlm.nih.gov/pubmed/11557255
http://www.ncbi.nlm.nih.gov/pubmed/17986200
http://www.ncbi.nlm.nih.gov/pubmed/17986200
http://www.ncbi.nlm.nih.gov/pubmed/17986200
http://www.ncbi.nlm.nih.gov/pubmed/17986200
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17692738
http://www.ncbi.nlm.nih.gov/pubmed/17954494
http://www.ncbi.nlm.nih.gov/pubmed/17954494
http://www.ncbi.nlm.nih.gov/pubmed/17954494
http://www.ncbi.nlm.nih.gov/pubmed/17954494
http://www.ncbi.nlm.nih.gov/pubmed/17954494
http://www.ncbi.nlm.nih.gov/pubmed/11571240
http://www.ncbi.nlm.nih.gov/pubmed/11571240
http://www.ncbi.nlm.nih.gov/pubmed/11571240
http://www.ncbi.nlm.nih.gov/pubmed/9002562
http://www.ncbi.nlm.nih.gov/pubmed/9002562
http://www.ncbi.nlm.nih.gov/pubmed/9002562
http://www.ncbi.nlm.nih.gov/pubmed/10525520
http://www.ncbi.nlm.nih.gov/pubmed/10525520
http://www.ncbi.nlm.nih.gov/pubmed/10525520
http://www.ncbi.nlm.nih.gov/pubmed/10525520
http://www.ncbi.nlm.nih.gov/pubmed/18973637
http://www.ncbi.nlm.nih.gov/pubmed/18973637
http://www.ncbi.nlm.nih.gov/pubmed/18973637

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Cardiac specificity 
	The early and reliable diagnosis of AMI 

	Current Cardiac Biomarkers 
	Biomarkers of myocardial necrosis 
	Biomarkers of inflammation 
	Novel cardiac biomarkers 

	The History of Cardiac Biomarkers 
	Point of Care Cardiac Markers 
	Multi-Marker Testing 
	Table 1
	Figure 1
	References

