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Abstract Acute myocardial infarction (AMI) is the

leading cause of death worldwide, with early diagnosis still

being difficult. Promising new cardiac biomarkers such as

troponins and creatine kinase (CK) isoforms are being

studied and integrated into clinical practice for early

diagnosis of AMI. The cardiac-specific troponins I and T

(cTnI and cTnT) have good sensitivity and specificity as

indicators of myocardial necrosis and are superior to CK

and its MB isoenzyme (CK-MB) in this regard. Besides

being potential biologic markers, cardiac troponins also

provide significant prognostic information. The introduc-

tion of novel high-sensitivity troponin assays has enabled

more sensitive and timely diagnosis or exclusion of acute

coronary syndromes. This review summarizes the available

information on the potential of troponins and other cardiac

markers in early diagnosis and prognosis of AMI, and

provides perspectives on future diagnostic approaches to

AMI.

1 Introduction

Cardiovascular disease remains a leading cause of mor-

bidity and mortality worldwide, with a higher death rate

annually than that of any other disease [1, 2]. Millions of

people suffer from one or more forms of cardiovascular

disease, such as hypertension, coronary artery disease, or

stroke. According to a World Health Organization report in

2011 [2], an estimated 17.3 million people died from car-

diovascular disease in 2008, representing 30 % of all glo-

bal deaths. Currently, a higher death rate is reported in

high-income countries such as the USA, but the percentage

is increasing rapidly in low-income countries as well. It is

speculated that by 2030, around 23.6 million people will

die from cardiovascular diseases, mainly from heart disease

and stroke. The largest increase in the number of deaths

will occur in the South-East Asia region [2].

Acute myocardial infarction (AMI) most commonly

starts with a coronary artery blockage as a result of

thrombosis at the site of rupture of a vulnerable athero-

sclerotic plaque. If the resulting ischemia exceeds a critical

threshold and is left untreated for a sufficient period of

time, it can cause irreversible myocardial cell damage

(infarction) or death [3]. However, AMI need not always

be associated with chest pain, and this makes diagnosis of

AMI challenging. Early diagnosis of acute chest pain in

patients presenting to the emergency room is critical to

save lives.

Diagnosis of AMI still predominantly depends on

patient symptoms, electrocardiographic features, and

assessment of classical cardiac markers [4, 5]. Many
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patients who do not have significant ST-segment elevation

or ST-segment depression arrive at the hospital with

nonspecific symptoms and have electrocardiographic fea-

tures that turn out to be nondiagnostic in up to 50 % of

cases [6]. Historically, total creatine kinase (CK), aspar-

tate aminotransferase (AST), and total lactate dehydro-

genase (LDH) levels have been measured as biomarkers

of cardiac necrosis. However, these biomarkers have poor

specificity for detection of cardiac injury because of their

wide tissue distribution [7]. New markers of myocardial

damage have challenged the place of traditional tests of

cardiac injury [8, 9]. Cardiac troponins, in particular, have

become the markers of choice for patients with acute

coronary syndromes (ACS). Levels of cardiac troponins I

and T (cTnI and cTnT) are more specific for diagnosis of

AMI than previously used markers such as the MB iso-

enzyme of CK (CK-MB) [10]. In addition, frequent and

serial measurements are not necessary, because an isolated

measurement on the first postoperative day is enough to

identify high-risk subgroups [5, 11]. Assessment of cTnI

in patients undergoing myocardial revascularization sur-

gery showed a characteristic immediate behavior, with a

significant elevation in the serum cTnI level at intensive

care unit admission and on the first postoperative day

[12]. No correlation was observed in the duration of

ischemia or the duration of extracorporeal circulation,

suggesting that elevation of cTnI levels may be due to

specific myocardial damage (native coronary obstruction,

bypass occlusion, etc.) and not to extracorporeal circula-

tion or the total time of ischemia. In view of this highly

specific and sensitive behavior, the National Academy of

Clinical Biochemistry (NACB) [13] proposed use of

myoglobin and cTnI in conjunction as the ideal markers

for the diagnosis of AMI.

The cTnI assay has been proven as a valuable diagnostic

tool and has been shown to have prognostic importance in

cardiac patients in conjunction with the results of clinical

investigations, patient history, and symptoms [13, 14].

2 Commonly Used Cardiac Biomarkers

A biomarker is a characteristic that is objectively measured

and evaluated as an indicator of normal biologic processes,

pathogenic processes, or pharmacologic responses to a

therapeutic intervention [15]. The ideal biomarker for

detecting myocardial injury needs to be expressed in rela-

tively high levels within cardiac tissue, with high clinical

sensitivity and specificity that is detectable in the blood

early after the onset of chest pain. Various cardiac markers

used in early diagnosis of AMI are described in Table 1.

Localization and diagnostic values of common cardiac

markers are described below.

2.1 Creatine Kinase MB Isoenzyme

CK-MB resides in the cytosol and facilitates movement of

high-energy phosphates into and out of mitochondria. It is

distributed throughout many tissues and is found even in

skeletal muscle. CK-MB levels rise about 6 h after the

onset of myocardial infarction (MI), peak between 18 and

24 h, and return to normal within 2–4 days. A CK-MB to

CK ratio of [0.025 is a good indicator of MI. The speci-

ficity and sensitivity of CK-MB for detection of MI are low

because of its presence in skeletal muscle. It is relatively

specific when skeletal muscle damage is not present, but

CK-MB levels becomes elevated in conditions following

acute or chronic muscle injury and in patients undergoing a

surgical procedure [16].

2.2 Myoglobin

Myoglobin is a low molecular weight (17 kDa) heme

protein. It is present in both cardiac and skeletal muscle,

and therefore its specificity as a cardiac marker is low.

However, it is released earliest from infarcted myocardium.

The blood myoglobin level rises more rapidly than that of

any other cardiac marker, making it very sensitive for early

detection of AMI [17]. It rises significantly above its

baseline within 2–3 h after the event, peaks at 9–12 h, and

returns to baseline within 24 h. Therefore, its usefulness for

late detection of AMI is low.

2.3 Heart Fatty-Acid Binding Protein

Heart fatty-acid binding protein (HFABP), which is present

in large amounts in myocardium and also in skeletal

muscle, is a sensitive biomarker for MI, as it rises within

3 h after myocardial injury and returns to normal within

Table 1 Various cardiac markers used for early diagnosis of acute

myocardial infarction

Marker Time of release

after MI

Mean peak

time

Time of return

to normal

CK-MB 3–12 h 18–24 h 48–72 h

Myoglobin 2–3 h 9–12 h 24 h

CTnI 3–12 h 24 h 5–10 days

CTnT 3–12 h 12–48 h 5–14 days

IMA 0–30 min 6 h 12–24 h

LDH 12–24 h 24–48 h 10–14 days

AST 12–24 h 24–48 h 10–14 days

HFABP 1–5 h 5–10 h 24 h

AST aspartate aminotransferase, CK-MB creatine kinase MB isoen-

zyme, CTnI cardiac troponin I, CTnT cardiac troponin T, HFABP
heart fatty-acid binding protein, IMA ischemia-modified albumin,

LDH lactate dehydrogenase, MI myocardial infarction
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24 h, but its specificity is suspect since it is also present in

skeletal muscle. HFABP may be used in combination with

myoglobin to increase specificity [18]. HFABP, together

with several markers of myocardial injury, may also be of

value in assessment of patients with congestive heart fail-

ure. In addition to its diagnostic potential for early diag-

nosis of AMI, it is an independent predictor of events

within 6 months [19].

2.4 Glycogen Phosphorylase BB

Glycogen phosphorylase BB (GlyPH-BB) is a large-sized

enzyme (molecular weight 188 kDa) involved in the

breakdown of glycogen for energy and is released in

myocardial cells that have oxygen deficiency. It has high

sensitivity and specificity early after chest pain. This makes

GlyPH-BB an important marker not only for MI but also

for detecting ischemic tissue [20].

2.5 C-Reactive Protein

C-reactive protein (CRP) is an acute-phase reactant that has

been used as a marker of inflammation. Various studies

have suggested that CRP levels measured at admission may

also be useful as an independent predictor of new coronary

events, including MI and death, in patients with ischemic

heart disease [21]. CRP is a useful prognostic indicator in

patients with ACS, as elevated CRP levels are independent

predictors of cardiac death, AMI, and congestive heart

failure. In combination with cTnI and B-type natriuretic

peptide (BNP), CRP may be a useful adjuvant, but its

nonspecific nature limits its use as a diagnostic cardiac

marker for ACS in the emergency room. Chronic inflam-

matory conditions such as rheumatoid arthritis or lupus

also confuse interpretation of CRP levels.

2.6 Ischemia-Modified Albumin

Ischemia-modified albumin (IMA) is a relatively new

marker of ischemia and is produced when circulating

serum albumin comes into contact with ischemic heart

tissues. IMA levels rise within minutes of transient ische-

mia, peak within 6 h, and can remain elevated for as long

as 12 h. IMA is a useful marker for diagnosis of ACS, and

the combination of cTnT and IMA can provide significant

information about the presence of ACS and may be useful

for triage of patients who present to the emergency room

with chest pain. The high sensitivity of cTnT coupled with

the high negative predictive value of IMA make them

independent predictors of the risk of developing ACS.

However, the increase in serum IMA levels that occurs in

patients with symptoms of stroke suggest that it should be

considered a marker of acute ischemic events and not

specific for cardiac ischemia [22]. Its use is limited to

ruling out ischemia rather than as a diagnostic test for the

occurrence of ischemia.

2.7 B-Type Natriuretic Peptide

BNP is secreted primarily by the ventricular myocardium

in response to wall stress, including volume expansion and

pressure overload. Multiple studies have demonstrated that

BNP may also be a useful prognostic indicator in ACS.

Transient myocardial ischemia has been associated with an

immediate rise in circulating BNP levels, and the magni-

tude of the rise was proportional to the severity of ische-

mia. These findings demonstrate an important link between

the severity of an acute ischemic insult and circulating

levels of BNP [23]. BNP measurement provides useful

prognostic information on the mortality risk in patients

with heart failure [24]. The BNP level measured in the first

few days after an acute coronary event predicts the long-

term risk of death or nonfatal cardiac events across the

spectrum of ACS. BNP levels should be measured after an

ACS in order to identify patients at high and low risk of

adverse outcomes [25]. In one study, patients with elevated

BNP levels ([80 pg/mL; n = 320) were found to be at

higher risk of death within 7 days (2.5 % vs. 0.7 %;

p = 0.006) and 6 months (8.4 % vs. 1.8 %; p \ 0.0001),

and patients with elevated BNP levels had a fivefold risk of

developing new congestive heart failure within 30 days

(5.9 % vs. 1.0 %; p \ 0.0001). Elevated BNP levels

([80 pg/mL) at presentation add incremental information

to cTnI and identify patients with non–ST-segment eleva-

tion ACS who are at higher risk of death and congestive

heart failure [26]. BNP levels are potentially more useful

when the patient’s baseline level is known, because the

levels are proportional to the severity of heart failure [27].

Besides BNP, elevated levels of N-terminal (NT)-

proBNP predict cardiovascular morbidity and mortality

independently of other prognostic markers and identify at-

risk individuals even in the absence of systolic or diastolic

dysfunction on echocardiography [28].

3 Criteria for Cardiac Markers in the Blood

The NACB, in conjunction with leading researchers in the

field of cardiac biomarkers, has proposed standards of

laboratory practice for use of cardiac markers in ACS and

heart failure [13]. Since no single biomarker fulfills all of

the criteria of an ideal biomarker, the NACB proposes use

of two biomarkers for diagnosis of AMI: an early marker

and a definitive marker. Use of two markers facilitates

diagnosis of patients who present early or late. Blood levels

of the early marker must be consistently elevated within the
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first 6 h after the onset of symptoms. The NACB proposes

myoglobin as the ideal early marker [13], as blood levels of

myoglobin become elevated within 2 h in patients with

AMI.

The definitive marker must be detectable in the blood

within 6–9 h after the onset of symptoms, and must have

high sensitivity and specificity for myocardial injury.

Moreover, its blood levels must remain elevated for several

days. The clinical utility of cTnI assays for assessment of

myocardial injury has been demonstrated in several clinical

studies, with improved cardiac specificity over other car-

diac biomarkers [9, 29]. Although measurement of CK-MB

levels has been historically considered the ‘‘gold standard’’

for diagnosis of AMI, levels of CK-MB can be elevated in

noncardiac conditions as well, because of its presence in

other tissues throughout the body [10]. This lack of abso-

lute cardiac specificity of CK-MB has led to development

of assays for proteins such as myoglobin and troponins,

which have higher sensitivity and specificity for diagnosis

of acute cardiac conditions. Many investigators have pro-

posed that cTnI assays should replace CK-MB assays for

assessment of patients with suspected cardiac conditions

[9, 30]. However, CK-MB is still considered an important

tool for assessment of re-infarction and for assessment of

reperfusion after thrombolytic therapy [8].

4 Diagnostic Approaches to Detection of Acute

Myocardial Infarction

The World Health Organization has put forward certain

criteria for the diagnosis of AMI [31]. According to these

criteria, the diagnosis should be based on the patient

showing any two of the following three criteria: (1) a

previous history of ischemic heart discomfort or angina; (2)

changes on serially obtained electrocardiograms; and (3)

significant changes (either increases or decreases) in blood

levels of cardiac markers.

Because of the large variation in the pattern of these

changes, diagnosis of AMI is still very challenging. Only

about one third of patients who are admitted to the hospital

with chest pain and ischemic discomfort finally turn out to

be AMI sufferers, and 25 % of patients who are admitted

with chest pain are later diagnosed with AMI [32].

Although electrocardiographic changes are fairly good

indications of AMI, they do not always aid early diagnosis.

Most patients with AMI do not necessarily show ST-seg-

ment elevation [8, 11], thus diagnosis of AMI is more

challenging than is generally presumed. Therefore, more

accurate and rapid methods need to be evaluated for early

diagnosis.

Many non-AMI patients who are appropriately admitted

to the hospital with chest pain have unstable angina or

congestive heart failure; however, a large number of

patients are inappropriately admitted with a noncardiac

cause of chest pain [33]. Not only do ‘‘missed AMI’’

patients have a higher mortality rate than patients admitted

to a coronary care unit, but also missed AMI is the leading

cause of malpractice lawsuits and settlements among

emergency room patients. Thus, proper triage of emer-

gency room patients with chest pain will not only reduce

morbidity and mortality but will also decrease health care

expenditure. In addition to determining which patients are

most likely experiencing an AMI, emergency room phy-

sicians need to quickly and accurately identify those AMI

patients who should receive thrombolytic therapy. The

greatest benefit occurs when thrombolytic therapy is initi-

ated within the first 3 h after the onset of symptoms [11].

The role of cardiac biomarkers in evaluation of emer-

gency room patients presenting with chest pain continues

to increase in importance. Biomarkers can serve to confirm

the diagnosis in symptomatic patients with diagnostic

electrocardiographic changes [8]. These biomarkers are

found in cardiac tissue and are released into the blood-

stream following the onset of myocardial necrosis during

an AMI. With the exception of cTnI, these biomarkers are

also found in other tissues throughout the body. Therefore,

a myriad of noncardiac conditions can result in elevated

levels of these biomarkers. This lack of cardiac specificity

is one of the major weaknesses of most biomarkers [34].

5 Cardiac Troponin Complex

Troponin is a complex molecule present in cardiac tissues. It

confers calcium sensitivity on muscle actinomycin adeno-

sine triphosphatase activity. It consists of three subunits with

distinct functions: (1) troponin C (cTnC), (2) cTnI, and (3)

cTnT. Troponins are also present in skeletal muscle, and

because the amino acid sequence of cTnC is similar to those

of skeletal troponins, cTnC cannot be used as a cardiac-

specific marker. However the isoforms of cTnI and cTnT

differ significantly from skeletal muscle troponins.

The myocardium contains bundles of striated muscle

fibers (thick and thin filaments) that are composed of car-

diac-specific contractile proteins (actin and myosin); reg-

ulatory proteins (troponins and tropomyosin); proteins

(myoglobin) required for the conversion of chemical

energy into work (muscle contraction); and the enzymes

CK and LDH. The thick filament is mainly composed of

myosin, while the thin filaments consist primarily of actin,

tropomyosin, and troponins. Troponin complex consists of

three single-chain polypeptide subunits: the Ca2?-binding

subunit troponin C, the tropomyosin-binding subunit tro-

ponin T, and the inhibitory subunit troponin I. Troponin I

binds to actin in thin myofilaments to hold the actin-
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tropomyosin complex in place, and consequently myosin

cannot bind the actin in relaxed muscle. When calcium

binds to troponin C, it causes certain conformational

changes, which lead to dislocation of troponin I, with

tropomyosin finally leaving the binding site for myosin on

actin, thus leading to contraction of the muscle. The letter

‘‘I’’ in ‘‘troponin I’’ stands for its inhibitory effect on

adenosine triphosphatase activity. Together with tropo-

myosin and under the influence of calcium, troponins

function as molecular switches, thereby regulating con-

traction of striated muscle (fast-skeletal, slow-skeletal, and

cardiac muscle), while smooth-muscle contraction is reg-

ulated by calmodulin [35, 36]. As a result of cardiac tissue

injury, troponins and other key proteins of myocardium are

released into the peripheral circulation and thus serve as

clinical diagnostic markers.

Monoclonal antibodies specific to cTnI and cTnT have

been identified and used for development of rapid tests for

early detection of MI [37–39]. Several studies have con-

firmed that cTnI has greater sensitivity and specificity than

LDH isoenzymes and CK-MB in detecting MI [9, 40]. The

release kinetics of cTnI and cTnT are more or less similar, but

some reports have suggested that cTnI may have better pre-

dictive value in early detection of AMI [41]. Although cTnT

and cTnI values are useful tools for diagnosis of AMI, their

interpretation must take into account the number of hours

from the onset of chest pain. The sensitivity of both cTnT and

cTnI increases from 10–45 % within 1 h of the onset of pain

(depending on the cutoff) to[90 % at 8 or more hours. The

specificity of cTnT declines gradually from 87 % to 80 %

between 1 and 12 h after the onset of chest pain, and the

specificity of cTnI is approximately 95 %. After the onset of

chest pain, the percentages of measured cTnT values above

the cutoff value (0.1 ng/mL) are 54.5 % at 1 h, 57.1 % at 2 h,

68.2 % at 3 h, 69.6 % at 4 h, 88.5 % at 4 h, 93.3 % at 6 h,

and 94.9 % at 7–36 h. Cardiac troponin tests are useful to rule

out MI when the value is negative at 8 or more hours after the

onset of chest pain [42, 43]. However, the studies that eval-

uated the sensitivity and specificity of troponins looked at

patients with chest pain (i.e. with a high pre-test probability),

thus the sensitivity and specificity may not be generalizable to

other populations.

6 Diagnostic Significance of Cardiac Troponins

in Acute Myocardial Infarction

Each year, millions of patients with chest pain are admitted

to the emergency room as a result of cardiovascular dis-

ease. Accurate triage of patients with chest pain remains a

challenge. An analysis of 10,689 patients from the ACI-

TIPI (Acute Cardiac Ischemia Time-Insensitive Predictive

Instrument) trial suggested that of patients presenting to the

emergency room with chest pain, *2 % were missed AMI

cases (i.e. they were discharged after initial evaluation) and

2.3 % were missed unstable angina cases [44]. The cardiac

specificity of cTnI has resolved assessment difficulties to

some extent, as in the past, interpretation of the results of

older cardiac biomarker tests could be severely confounded

by conditions unrelated to AMI [30].

Once the absolute cardiac specificity of cTnI was iden-

tified, the Joint European Society of Cardiology/American

College of Cardiology Committee issued a consensus doc-

ument re-evaluating the established definitions of MI [45].

The Committee stated that ‘‘[m]yocardial infarction is

diagnosed when blood levels of sensitive and specific bio-

markers, such as cardiac troponins and the MB fraction of

CK (CK-MB), are increased in the clinical setting of acute

ischemia….The most recently described and preferred

biomarker for myocardial damage is cardiac troponin (I or

T), which has nearly absolute myocardial tissue specificity,

as well as high sensitivity, thereby reflecting even micro-

scopic zones of myocardial necrosis’’. More specifically,

blood should be obtained for testing on hospital admission,

at 6–9 h, and again at 12–24 h if the earlier samples are

negative and the clinical index of suspicion is high. For

patients in need of an early diagnosis, a rapidly appearing

cardiac biomarker (e.g. CK-MB or myoglobin) plus a bio-

marker that rises later (e.g. a cardiac troponin) are recom-

mended for confirmation of the diagnosis. The cardiac

specificity of troponins enables clinicians to diagnose or

exclude AMI in uncertain cases within 8–12 h after the

onset of chest discomfort. Once the diagnosis is confirmed,

clinicians may follow the 2011 updated American College

of Cardiology/American Heart Association guidelines for

the management of patients with AMI [11].

7 Antibodies Against Cardiac Troponin I

Because cTnI has its distinct immunologic epitopes, there

is potential for production of cTnI-specific antibodies that

can be used for diagnosis of AMI. During incubation in the

necrotic muscle after AMI, cTnI is cleaved by endogenous

proteases. The most stable fragment resulting from this

process lies between amino acids 30 and 110 of the parent

protein. Its stability is possibly due to its protection by

cTnC. For good sensitivity and reproducibility in assay

design, most antibodies act against this stable part of cTnI.

Because of the cardiac specificity of troponin, Cummins

et al. [46] realized that an immunoassay for cTnI could be a

valuable diagnostic aid in detection of myocardial cell

necrosis. The development of monoclonal antibodies for an

immunoassay of cTnI made possible its introduction as a

cardiac biomarker [47]. Of the currently available testing

strategies, troponin immunoassays provide the best risk-
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stratification tool for patients with ACS. By integrating

information from the patient history, physical examination,

electrocardiogram, and initial cardiac biomarker tests, clini-

cians can assign patients to one of four categories: a non-

cardiac diagnosis, chronic stable angina, possible ACS, and

definite ACS.

8 Advances in Rapid Assay Development for Cardiac

Markers

Point-of-care testing for CK-MB, myoglobin, and troponin

offers rapid (15-minute turnaround time) and accurate

results and a new option for patient evaluation in the

emergency room. Lateral-flow/flow-through rapid assays

are now available for troponins, myoglobin, and CK-MB.

Only qualitative cTnT assays are available as point-of-care

tests, but both quantitative and qualitative point-of-care

cTnI assays are currently marketed. Point-of-care tests are

also available in combinations of two or three markers,

such as cTnI, myoglobin, and CK-MB, on a single card.

With such combination cards, in a single skin prick, all of

the three important cardiac markers can be tested. The time

required to develop the test lines gives some idea of the

levels of these markers. Careful attention to the timing of

the appearance of a positive bedside test result may give

information to the clinician about the levels of these

markers. Use of such combination rapid-test devices will

improve the efficacy and safety of decision making in

patients with chest pain and can significantly reduce the

cost for use in intensive care facilities. Point-of-care assays

for CK-MB, myoglobin, cTnI, and cTnT are available.

9 High-Sensitivity Troponin Assays

The conventional cTnT assay is not able to detect low levels

of cTnT (\0.01 lg/L) and lacks precision until cTnT levels

reach 0.035 lg/L. Furthermore, conventional cardiac tro-

ponin assays do not detect cardiac troponins in healthy

volunteers. Thus it has been difficult to establish the normal

ranges of cardiac troponin levels [48]. Recently, improve-

ments in the technology of cardiac troponin assays have

allowed manufacturers to provide fully automated assays

that fulfill the recommendations set out by the International

Federation of Clinical Chemistry and Laboratory Medicine.

These assays have a lower limit of detection that is below

the 99th percentile in a normal reference population [49]. In

a recent study, use of a high-sensitivity cTnT test with a

cutoff value of 0.014 lg/L, instead of a conventional cTnT

test with a cutoff value of 0.01 lg/L, increased the pro-

portion of patients diagnosed with non–ST-segment eleva-

tion MI (NSTEMI) by 33 % [50].

For diagnosis of AMI, cardiac troponin levels (as mea-

sured by fully automated standard assays) are superior to all

other clinically available biomarkers, including myoglobin,

CK-MB, myeloperoxidase, and HFABP. Newer-generation

assays are better able to detect cardiac troponin levels at the

time of a patient’s presentation. This allows for more rapid

diagnosis of AMI, which could otherwise only be confirmed

after prolonged monitoring over a period of 6–12 h and

serial blood sampling [51]. In a recent study of 939 patients,

205 (21.8 %) had MI. By 2 h after presentation, the high-

sensitivity cTnT assay at the cutoff point of the 99th per-

centile of the general population (14 ng/L) had sensitivity

of 92.2 % (95 % confidence interval [CI] 88.1–95.0) and

specificity of 79.7 % (95 % CI 78.6–80.5) for the diagnosis

of NSTEMI. The sensitivity of the assay at presentation was

100 % among patients who presented 4–6 h after symptom

onset. The high-sensitivity cTnT assay was also found to be

superior to the conventional assay in predicting death

(hazard ratio [HR] 5.4; 95 % CI 2.7–10.7) and heart failure

(HR 27.8; 95 % CI 6.6–116.4) within 1 year, whereas the

conventional assay was superior in predicting nonfatal MI

within 1 year (HR 4.0; 95 % CI 2.4–6.7). The high-sensi-

tivity cTnT assay at the cutoff point of the 99th percentile

was highly sensitive for the diagnosis of MI by 2 h after

presentation and had prognostic utility beyond that of the

conventional assay [52].

The high-sensitivity cTnI assay has improved early

diagnosis of AMI and risk stratification, regardless of the

time of chest pain onset [53]. Even mild elevation of cardiac

troponin levels is common in elderly patients without AMI,

and optimal cutoff levels are substantially higher in elderly

patients than in younger patients. High-sensitivity cardiac

troponin assays have high diagnostic accuracy in the elderly

[54]. They also have a high prognostic value and high

diagnostic accuracy in coronary artery disease patients [55].

Utilization of high-sensitivity troponin measurements may

be useful for applications other than ACS, including risk

stratification of patients with renal insufficiency, heart

failure, or cardiac amyloid, and screening of elderly patients

[56]. However, when making a diagnosis of type 2 MI, the

extreme sensitivity of troponins for detecting myocardial

injury/infarction makes it imperative to place all results in a

clinical perspective. It is well recognized that troponin

levels can be abnormal in the absence of symptoms, elec-

trocardiographic changes, or any gross evidence of myo-

cardial dysfunction or subsequent damage [57].

10 Use of Troponins in Patient Triage

Effective triage of patients presenting to the emergency

room with undifferentiated chest pain remains a challenge

for the clinician. Prehospital electrocardiographic diagnosis
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has improved triage and outcomes in patients with acute

ST-segment elevation MI (STEMI). However, many

patients with unstable angina and NSTEMI present with

equivocal electrocardiographic patterns, making prehospi-

tal electrocardiographic diagnosis difficult. In addition to

being useful for diagnosis, troponins also permit estimation

of the prognosis and risk stratification of patients with

ACS. A recent study has indicated that prehospital imple-

mentation of cTnT quantitative tests with lower detection

limits could identify most patients with AMI, irrespective

of electrocardiographic changes [58]. Reichlin et al. [59]

developed and validated an algorithm to rapidly diagnose

or exclude AMI. Use of this simple algorithm, incorpo-

rating high-sensitivity cTnT baseline values and absolute

changes within the first hour, allowed safe exclusion or

accurate diagnosis of AMI within 1 h in 77 % of unse-

lected patients with acute chest pain.

In a study involving triage of patients with acute chest

pain lasting for \6 h and a previous history of coronary

artery disease, the combination of copeptin and cardiac

troponins allowed the diagnosis of AMI to be excluded

with a negative predictive value of[95 %. The adjudicated

final diagnosis was AMI in 36 patients (8 %), unstable

angina in 131 (29 %), and another diagnosis in 284 (63 %)

[60].

11 Elevated Cardiac Troponin Levels Unrelated

to Acute Coronary Disease

cTnI is a specific marker, which allows diagnosis of even

minor myocardial cell injury. However, elevated cardiac

troponin levels are also associated with nonischemic car-

diac conditions and noncardiovascular conditions, and have

been observed in patients with pulmonary embolism. cTnI

and cTnT are significantly associated with overall mortal-

ity, major clinical events, and recurrence of pulmonary

embolism during the hospital stay [61]. In a meta-analysis

of 20 studies of acute pulmonary embolism, patients with

an elevated cardiac troponin level had more than a fivefold

increase in mortality [62]. An important non-ACS diag-

nosis to consider in a patient presenting with an elevated

cardiac troponin level is acute aortic dissection. Elevation

of cTnI levels is frequent in patients with type A aortic

dissection and might reflect greater hemodynamic stress,

but does not necessarily reflect a negative prognosis [63].

In patients with idiopathic acute pericarditis, an increase in

cTnI levels is commonly associated with young age, recent

infection, male sex, ST-segment elevation, and pericardial

effusion at presentation [64, 65].

Besides nonischemic cardiac events, there are many

noncardiovascular conditions in which elevated troponin

levels can be detected. Increased serum cardiac troponin

levels are frequently observed in patients with renal

insufficiency, even when the suspicion of active ischemia is

relatively low. cTnT levels are elevated in a large number

of patients on regular hemodialysis, and this is a significant

independent predictor of outcome [66]. Apart from ische-

mia, septic shock caused by various factors can lead to

injury of myocardial cells. Elevated cTnI levels are fre-

quently observed in patients with severe sepsis and septic

shock and are associated with left ventricular dysfunction.

High serum cTnI levels predict increased severity of sepsis

and higher mortality [67]. Elevated troponin levels have

also been observed in patients with endocrinologic disor-

ders such as diabetes and hypothyroidism. In a population

of patients with type 2 diabetes mellitus [68], elevation of

cTnT levels above the 99th percentile measured by a highly

sensitive assay were encountered frequently. cTnT levels

rise as a result of myocyte necrosis, but do not automati-

cally signify an ACS. Studies have been conducted to

determine whether a relationship exists between elevated

cardiac troponin levels and acute allograft rejection in

patients who have received heart transplants [69]. In a

study of 110 consecutive patients who received heart

transplants between 1989 and 1997 and survived for at

least 1 year after transplantation [69], all recipients had

elevated cTnI levels during the first month after trans-

plantation. In addition, cTnI levels in 56 patients (51 %)

remained persistently elevated during the first 12 months.

These elevated cTnI levels were associated with increased

fibrin deposits in the microvasculature and cardiomyocytes

(p \ 0.001), thus significantly increasing the risk of sub-

sequent development of coronary artery disease and graft

failure.

Decompensated heart failure is a common cause of non-

ACS-related troponin elevation. In patients without ACS,

elevated cTnT levels indicate a high risk of mortality.

Clinicians should be cautious about diagnosing ACS in

patients with raised cTnT levels [70].

12 Prognostic Potential of Troponins

Unstable angina is a common expression of coronary artery

disease [71]. Several studies in patients with unstable

angina have shown that the risk of progression to AMI can

be up to 20 % during 30-day follow-up [72, 73]. Patients

with unstable angina and abnormal cardiac troponin levels

have a fivefold higher risk of AMI and cardiac death within

4–6 weeks than patients with normal troponin levels [74].

cTnT is a useful prognostic marker in asymptomatic

patients on hemodialysis. Annual measurements of cTnT

levels in patients on chronic hemodialysis may be useful

both for identifying those at risk of coronary events and as

a diagnostic reference level for patients presenting with
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chest pain and elevated cTnT levels [75]. In a meta-anal-

ysis, it was found that increased mortality was significantly

associated with elevated troponin levels after percutaneous

coronary intervention, and the combined endpoint of

mortality and nonfatal MI also occurred more often in

patients with postprocedural troponin elevations [76]. In a

comparative study of the prognostic values of cTnI and

CRP levels in patients with unstable angina, most of whom

had proven coronary artery disease, the rate of in-hospital

major adverse cardiac events (death, MI, or emergency

revascularization) was higher in patients with increased

cTnI levels within the first 24 h. Both in unselected patients

with unstable angina and in patients with angiographically

proven coronary artery disease, the cTnI level within 24 h of

admission, but not the CRP level, was an independent pre-

dictor of major adverse cardiac events [77]. Elevated cTnI

levels ([0.1 lg/mL) during the first 24 h were strongly

associated with a higher risk of death or MI at 48 h (3.9 % vs.

0 %; p = 0.01) and at 14 days (13.9 % vs. 2.2 %;

p \ 0.0001). Elevated cTnI levels also correlated with a

higher risk of recurrent ischemia requiring urgent revascu-

larization within 48 h (10.0 % vs. 1.7 %; p = 0.001) and

within 14 days (20.6 % vs. 5.6 %; p \ 0.0001). Similar

results were demonstrated in the FRISC (Fragmin and fast

Revascularization during InStability in Coronary artery

disease) trial using dalteparin treatment [78]. These results

support previous studies demonstrating the prognostic utility

of cTnI in patients with non-ST-elevation ACS with no

elevation in CK-MB levels.

A recent quantitative troponin elevation study showed that

for each approximate tenfold increase in the ratio between

peak and baseline troponin levels (i.e. troponin ratios of 0.01

to B1,[1 to B10,[10 to B100,[100 to B1000, or[1000),

there was an associated increase in the combined incidence of

cardiac arrest, sustained ventricular tachycardia, and ven-

tricular fibrillation (1.0 %, 2.4 %, 3.4 %, 5.9 %, and 13.4 %,

respectively; p \ 0.001 for the linear trend); cardiogenic

shock (0.5 %, 1.4 %, 2.0 %, 4.4 %, and 12.7 %, respec-

tively; p \ 0.001); new heart failure (2.5 %, 5.1 %, 7.4 %,

11.6 %, and 15.8 %, respectively; p \ 0.001); and mortality

(0.8 %, 2.2 %, 3.0 %, 5.3 %, and 14.0 %, respectively;

p \ 0.001). The extent of the of troponin elevation was pre-

dictive of early mortality (HR 1.61; 95 % CI 1.44–1.81;

p \ 0.001 for days 0–14) and longer-term mortality (HR

1.18; 95 % CI 1.07–1.30; p = 0.001 for days 15–180) [79].

The prognosis of suspected unstable angina or NSTEMI

patients who are hospitalized for chest pain but do not

immediately develop transmural necrosis is signified by

serum cTnT levels at hospital admission. cTnT levels

C0.1 ng/mL signify an almost threefold risk of major

events within 3 months after the acute episode [80]. In a

statistical model proposed for cTnI as a quantitative pre-

dictor of in-hospital mortality, it was suggested that the

presence of any detectible cTnI is associated with an

increased mortality risk and provide further evidence of the

absence of a non-zero risk threshold. The model predicts

unadjusted mortality rates of 2.1 % for a cTnI level of

0 lg/L, 5.3 % for a level of 0.08 lg/L (the upper limit of

the 99th percentile), and 7.0 % for a level of 0.21 lg/L (the

lower limit of positive by the strict 10% coefficient of

variation [CV] criterion) [81].

In AMI, the extent of myocardial damage is closely

linked to the prognosis. Serum levels of cardiac troponins

can be used to estimate myocardial infarct size. The ability

of cTnT to predict infarct size and left ventricular function

in patients with AMI has been studied, and it was found

that cTnT levels closely correlated with single-photon

emission computed tomography estimates of infarct size

and peak serum levels of CK-MB [82]. That study also

showed that for estimation of myocardial infarct size, a

single measurement of the cTnT level 72 h after the onset

of chest pain is superior to measurement of peak CK, CK-

MB, or LDH levels, which require serial determinations.

The correlation between cardiac troponin levels and infarct

size is strong enough to be of clinical utility, and cardiac

troponin levels may be employed systematically for crude

infarct size estimation in STEMI patients at an early

timepoint following the acute event [83]. However, corre-

lations between cardiac troponin levels and infarct size are

significantly weaker in NSTEMI patients [84]. The peak

cTnT level after primary percutaneous coronary interven-

tion for STEMI offers a good estimation of the infarct size

and is a prognostic indicator in patients with their first AMI

[85].

To increase the accuracy of MI diagnosis, addition of a

combination of biomarkers from numerous pathophysio-

logic pathways—a multimarker approach—has been

studied.

Many studies showed that although multiple biomarkers

are associated with a high relative risk of adverse events,

even in combination they add only moderately to the pre-

diction of risk in an individual person. The most clinically

accurate biomarker for early diagnosis of MI is cTnI alone,

rather than a combination of multiple biomarkers, when an

analytically robust cardiac troponin assay based on the 99th

percentile is used [86–88]. However, in a study of elderly

men [89], a multiple biomarker approach with incorpora-

tion of cTnI, NT-proBNP, cystatin C, and high-sensitivity

CRP into a model with established risk factors improved

risk stratification for death from cardiovascular causes. The

reason for this discrepancy could be that the relative risk

associated with established risk factors (viz. age, systolic

blood pressure, use or nonuse of antihypertensive treat-

ment, total cholesterol levels, high-density lipoprotein

cholesterol levels, use or nonuse of lipid-lowering treat-

ment, the presence or absence of diabetes, smoking status,
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and body mass index) has been shown to diminish with

advancing age, and the established risk factors would have

performed better as prognostic indicators in a sample of

younger people who had a lower absolute risk and a lower

prevalence of subclinical cardiovascular damage.

In a study of STEMI patients undergoing primary per-

cutaneous coronary intervention, the combination of NT-

proBNP levels, glucose levels, CRP levels, the estimated

glomerular filtration rate, and cTnT levels identified a high-

risk STEMI subgroup with a significantly higher mortality

rate than that of an intermediate- or low-risk subgroup

(p \ 0.001) [90]. In addition to these markers, use of BNP

levels adds significant prognostic information to the Killip

class and TIMI (Thrombolysis in Myocardial Infarction)

risk score in patients with STEMI treated with percutane-

ous coronary intervention [91].

13 Conclusion

ACS represent a continuum of myocardial ischemia,

encompassing angina, reversible tissue injury, unstable

angina, myocardial damage, MI, and extensive tissue

necrosis. Assessment of coronary artery disease is based on

use of World Health Organization diagnostic criteria,

electrocardiographic features, and biochemical markers.

However, as the diagnostic sensitivity of electrocardiog-

raphy is as low as 50 %, it is not a perfect instrument for

diagnosis. Therefore, cardiac-specific proteins are of par-

amount importance as markers of myocardial injury asso-

ciated with cell death, which leads to release of

intracellular proteins into the circulation. Sensitive and

specific cardiac markers improve AMI diagnosis, thera-

peutic decision making, and risk stratification. In this

regard, CK-MB has been a benchmark for markers, but it is

not specific for myocardium. Cardiac-specific isoforms of

troponin I and troponin T, together with high-sensitivity

assays, have emerged as the most specific and sensitive

AMI indicators and, more importantly, as tools for risk

stratification of ACS patients. By improving the ability to

accurately triage patients presenting with chest pain, use of

troponins could reduce mortality rates.
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