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The clinical course of an acute coronary syndrome can vary from relatively benign
to potentially fatal. The biomarkers of myocardial necrosis relate to the amount of
myocardial damage and are closely linked to a patient’s prognosis. They are measured
to help guide management decisions. Recent interest in myocardial neurohumoral
mechanisms has identified the natriuretic peptides as strong prognostic biomarkers
following an ischemic event. During an acute event they provide information regarding the area of myocardium at risk. The biomarkers of inflammation, such as C-reactive
protein, are related to both the development of atherosclerosis and the risk of acute
ischemic events. The mechanism characterizing the pathophysiology of the syndrome is
represented by these cardiac biomarkers. Assessing combinations of pathobiologically
diverse biomarkers may provide a better risk evaluation method and further dictate
subsequent therapy.
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Biochemical Aspects of Non–ST-Segment Elevation ACS
amplification of a thrombus are
all accompanied by the release of
specific proteins.7 The next step in
the development of an ACS is coronary stenosis and occlusion. This is
sometimes accompanied by a distal
embolization.8 Depending on the
severity of the oxygen demand and
supply imbalance, ischemia may
occur. The release of the natriuretic
peptides is triggered by an increase
in wall tension.9 Severe and prolonged ischemia may lead to tissue
necrosis, followed by the release of
proteolytic enzymes.10,11
This article highlights the biomarkers currently applied in clinical practice with regard to an ACS.
It focuses on their differences in
pathophysiology. The biomarkers
of necrosis, such as cardiac troponin (cTn), are discussed, followed
by the biomarkers of a mechanical
strain, known as the cardiac natriuretic peptides. In addition, we
discuss the biomarkers of inflammation, such as C-reactive protein
(CRP). We conclude with a prospect on the multimarker approach.

Biomarkers of Necrosis

The biomarkers of myocardial
necrosis play an essential role in
both diagnosis and treatment strategies of patients with chest pain.
The ECG and the assessment of
biomarkers provide essential information in the diagnostic work-up.
Diagnostic Properties
The diagnosis of an MI depends on
the presence of necrosis biomarkers in the circulation within the
clinical setting of acute myocardial
ischemia.12,13 This is especially the
case with an NSTEMI.
Upon myocyte cell death, several cardiac proteins are released
into the bloodstream: myoglobin,
cTn T and I, creatine kinase (CK),
and lactate dehydrogenase are the
most common.10 The relative timing and the dynamics of each protein release provides information
regarding the onset of ischemia, the
presence and size of an infarction,
and the risk of complications, and
helps predict a long-term prognosis
(Figure 1).11 Remarkably, there are

Figure 1. Dynamics in cardiac biomarkers after a MI. CK-MB, creatine kinase MB; cTnI, cardiac troponin I;
cTnT, cardiac troponin T; LDH, lactate dehydrogenate; MI, myocardial infarction. Adapted with permission
from Boyce N.11
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he assessment of biomarkers is considered as increasingly important with regard
to all patients with chest pain.
Historically, biomarkers were used
for the retrospective verification
of an acute myocardial infarction
(MI). However, with the availability of more specific and sensitive
biomarkers, the focus has shifted
toward an earlier diagnosis of myocardial damage, assessment of risk,
and treatment strategy.
Myocardial underperfusion is
the principal pathophysiologic
mechanism responsible for the
symptoms of an acute coronary
syndrome (ACS). This is caused by
an atherosclerotic plaque rupture
or erosion, with different degrees of
superimposed thrombus.1,2 When
evaluating cardiac chest pain, the
initial classification is provided
by the electrocardiogram (ECG).
Patients are then subdivided into
those with a persistent ST-segment
elevation MI (STEMI) and those
without persistent ST-segment
elevation. The latter is referred to
as non–ST-elevation ACS (NSTEACS). The concentration of the biomarkers of necrosis above a certain
cutoff level will differentiate the
NSTE-ACS patients into those with
a non–ST-elevation MI (NSTEMI)
and those with unstable angina. In
the case of a severe coronary event,
dynamic changes in numerous biomarkers are observed.1,2
Every step in the development
of atherosclerosis and its complications has its own respective biomarker.3 Numerous biomarkers
are being linked to the development of atherosclerosis. There are
low-density lipoproteins, inflammatory proteins (eg, interleukins),
and several growth factors related
to plaque formation.4-6 In addition,
with the progression to an ACS,
several pathophysiologic sequences
such as plaque destabilization,
rupture, platelet activation, and
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Biochemical Aspects of Non–ST-Segment Elevation ACS continued
over 200 recognized biomarkers of
myocyte injury. They correspond to
myocyte structural and contractile
proteins, components of the sarcolemma and cytosolic proteins.3
During an MI, the levels of sensitive and specific biomarkers such as
cTn and the MB fraction of CK are
raised to a certain threshold.1,2,12-14
However, these biomarkers reflect
myocardial damage but do not relay
its mechanisms. Therefore, in the
case of a suspected NSTE-ACS, the
enzyme rise should be related to
the clinical setting of acute ischemia.
In an attempt to further clarify the
diagnostic challenges regarding the
presence of an MI, recent guidelines
propose dividing MI into five subgroups based on diagnostic tests
and pathophysiologic substrates.13
Cardiac Troponins
The characteristic rise and fall
of cTn I or T is now the preferred

deviation measured by the coefficient of variation (CV) at the 99th
percentile is currently defined as
10% or less.14 However, most cur-

Patients with cTn elevation are thought to benefit more from both
extensive pharmacologic treatment and early revascularization.

rent cTn assays do not have the
advised level of precision at the
ULN. Contemporary diagnostic
thresholds for MI are commonly
placed at the lowest concentration
with an inaccuracy of 10%.14
Recently, new high-sensitivity
troponin assays have been developed. These tests can reliably
detect changes in the concentration at or below the 99th percentile for a normal population.14,16,17
Although these high-sensitivity
assays achieve the commonly recommended guideline precision of
< 10% CV at the lower reference

The characteristic rise and fall of cTn I or T is now the preferred
indicator of MI.

indicator of MI.13-15 Troponin is a
regulatory protein complex that is
located on the thin filament of the
contractile apparatus. It consists of
three protein subunits—cTn T, cTn
I, and cTn C—which regulate the
muscle contraction.15 Cardiac tissue
contains relatively large amounts
of cTn compared with the other
proteins measured. Unlike other
cardiac biomarkers used to detect
cardiac damage, cardiac troponins
have different isoenzymes from
those found in skeletal muscle.
They are thereby entirely specific
to myocardial injury.3
The diagnosis of a type 1 MI
is defined as a cTn concentration
exceeding 1 times the upper limit
of normal (ULN) in the clinical
context of an ACS.13 The ULN is
defined as a concentration exceeding the 99th percentile of a reference control group. An acceptable

elevation often implies a medium to
high risk on the given scoring systems. Patients with cTn elevation are
thought to benefit more from both

limit, the current clinical experience is still limited. Recent studies
seem promising, as they suggest a
marked increase in sensitivity and
thereby improve the clinical outcomes of patients with suspected
NSTE-ACS.16,17
Risk Assessment and
Treatment Strategies
In addition to diagnostic properties, elevation in either cTn T or
cTn I has an important prognostic
value.17-19 Marginally elevated concentrations of these proteins are
associated with future adverse cardiac events.19 This implies an essential role within the risk assessment.
Both Thrombolysis in Myocardial
Infarction (TIMI) and Global
Registry of Acute Coronary Events
(GRACE) risk scores incorporate
biomarker elevation in a prominent manner.20,21 Therefore, cTn

extensive pharmacologic treatment
and early revascularization.22

Biomarkers of Mechanical
Strain

The suspicion that the heart could
have an endocrinal function was
raised more than 50 years ago. At
the time, it had been shown that
dilatation of cardiac atria produced
natriuresis.23 Two cardiac hormones
have now been identified. The first
is atrial natriuretic peptide (ANP),
formerly called atrial natriuretic
factor. The second is brain natriuretic peptide (BNP), named after
its falsely presumed cerebral origin.24 In the late 1980s, a Japanese
group demonstrated an ANP-like
natriuretic peptide from a porcine
brain and called this peptide BNP.
However, later experiments showed
that BNP was produced in cardiac
myocytes.25,26
Physiology of BNP
Cardiac myocytes produce the BNP
prohormone (proBNP) in response
to an increase in wall stress. This
protein is then split by the enzyme
furin into the hormone BNP
and a splitting byproduct called
N-terminal (NT)-proBNP.27 The
physiologic effects of BNP include
diuresis, vasodilatation, inhibition
of renin production, and cardiac
myocyte growth.27 Whether the
splitting peptide NT-proBNP has
biological effects on its own is currently unknown. Although renal
excretion is currently regarded as
the main clearance mechanism for
both proteins, clearance patterns
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differ. NT-proBNP has a remarkable longer half-life (120 min)
than BNP (20 min).28 This results
in higher serum concentrations of
NT-proBNP as compared with BNP.
Cardiac Neurohormones in
Pathologic States
Over the past decade, evidence has
accumulated regarding natriuretic
peptide testing for the diagnosis,
risk assessment, and therapeutic
monitoring of patients with heart
failure (HF). Recently, research has
focused on these biomarkers in the
setting of an ACS.
It is well known that cardiac
ischemia increases wall tension and
triggers gene activation, production of messenger ribonucleic acid,
and assembly of the precursor to
natriuretic peptides (Figure 2).29 In
patients with an ACS, BNP levels rise
gradually, peaking at approximately
24 hours after the acute event.30,31

not clear which variables contribute most to the release of natriuretic
peptides. Nevertheless, there appears
to be a correlation between the
degree of elevation of NT-proBNP
serum concentration and the extent
of ischemia.32-34
Although both BNP and
NT-proBNP are released in response
to cardiac ischemia, neither peptide
offers sufficient sensitivity to rule out
the diagnosis of an ACS.35 It is important to add that many other pathologic conditions also cause elevations
in BNP and NT-proBNP.36 However,
NT-proBNP has certain specific
diagnostic properties. It was recently
shown that NT-proBNP can be
implemented in identifying an evolving MI in high-risk individuals.35,37
Risk Assessment and
Treatment Strategies
There is accumulating evidence
that natriuretic peptides can be

In patients with an ACS, BNP levels rise gradually, peaking at
approximately 24 hours after the acute event.

As the left ventricle has the greatest
mass of all the cardiac chambers, the
dynamics of BNP and NT-proBNP
largely reflect the increase in wall
tension of the left ventricle.3 This
increase in wall tension depends on
multiple variables such as preload,
afterload, ventricular volumes, and
myocardial properties. It is currently

used in the risk assessment of
patients across the entire ACS spectrum. NT-proBNP has an additional benefit in the risk assessment
of low- and high-risk NSTE-ACS
and in STEMI.35,38,39 In particular,
when used in patients with a suspected NSTE-ACS and negative cTn
concentrations, NT-proBNP is able

Figure 2. The mechanism of BNP production during an acute coronary syndrome. BNP, brain natriuretic
peptide.
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to identify the population at higher
risk.35,38 Commonly used risk
scores can be enhanced by incorporating the BNP or NT-proBNP
values.39,40 Although it is sometimes
difficult to determine the etiology
of natriuretic peptide elevation,
NT-proBNP and BNP are powerful
predictors of adverse outcomes.41
It appears that they integrate multiple pathophysiologic insults into a
single prognostic variable.
Several substudies regarding
interventional and pharmacologic
strategies have been evaluated
regarding the interaction of BNP
or NT-proBNP levels in patients
with ACS. However, they failed to
identify a clear beneficial treatment
strategy for patients with BNP or
NT-proBNP elevation.41,42 For this
reason, BNP or NT-proBNP risk
assessment measurements have
only been given a “qualified” recommendation (Class IIb, level of
evidence: B) in the latest American
College of Cardiology/American
Heart Association (ACC/AHA)
guidelines for unstable angina/
NSTEMI.2 The focused update,
released by the ACC/AHA in
2011, did not cover this subject.43
Accordingly, additional research is
needed to clarify the potential role
of natriuretic peptides in the selection of patients for specific therapeutic interventions.

Biomarkers of
Inflammation

Elevated levels of inflammatory
biomarkers indicate an increased
risk of coronary heart disease.
Atherosclerosis, formerly considered a bland lipid storage disease,
involves an ongoing inflammatory
response.44 Inflammation appears
to play a fundamental role in mediating all stages of this disease from
initiation through to progression
and ultimately to its thrombotic
complications.45 In recent years,
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many different inflammation biomarkers have been investigated.
These include CRP, ﬁbrinogen,
metallic metalloproteinase-9, monocyte chemotactic protein 1, resistin,
lipoprotein-associated phospholipase A2, interleukin-6, tumor
necrosis factor-α, and β-ﬁbroblast
growth factor.5,6,46,47 It is beyond the
scope of this manuscript to describe
all of these biomarkers.
CRP and High-Sensitivity CRP
CRP is an acute-phase protein synthesized in the liver. Its physiologic
role is to bond to phosphocholine,
which is expressed on the surface of
dead or dying cells in order to activate the complement system.48 CRP
was identified in 1930 as a substance in the serum of patients with
an acute inflammation that reacted
with the C polysaccharide of pneumococcus.49 Initially, CRP was
thought to be a pathogenic secretion. However, the detection of its
hepatic synthesis demonstrated its
origin. To detect the relatively low
levels that are associated with a cardiovascular (CV) event, high-sensitivity assays have been developed.
Diagnostic Properties of CRP
Because of their nature as acutephase proteins, the diagnostic
properties of inflammation biomarkers for ACS lack both specificity and sensitivity. Therefore, the
diagnostic value of high-sensitivity
CRP (hs-CRP) in patients with a
suspected ACS seems limited. A
recent retrospective evaluation in
patients presented to the emergency department with a suspected
ACS showed that hs-CRP did not
enhance the diagnostic accuracy
for an ACS.50 The presence of an
increase in hs-CRP levels observed
during an ACS may partly result
from a heightened baseline inflammatory status that may be caused
by the metabolic syndrome.51 In
addition, CRP elevation occurs

secondary to myocardial damage.
This is believed to be caused by an
inflammatory reaction initiated by
myocardial necrosis.52,53
Risk Assessment and
Treatment Strategies
The level of elevation in inflammatory biomarkers predicts outcomes
in patients with ACS, irrespective of the amount of myocardial
damage.46 Across the entire spectrum of ACS, high circulating
CRP levels and leukocyte counts

risk of recurrent events. Although
much progress has already been
made, further evaluation of the
basic evidence on the mechanisms
supporting the role of the hepatic
inflammatory proteins in atherosclerosis is needed.

The Multimarker Approach

Currently, several pathophysiologically diverse cardiac biomarkers
have emerged as strong predictors of risk among patients with

Across the entire spectrum of ACS, high circulating CRP levels and
leukocyte counts are independently associated with CV mortality.

are independently associated with
CV mortality.46 It is, therefore,
not surprising that certain treatments that limit inflammation also
reduce coronary risk. In a recent
study, statin treatment reduced the

an ACS. Elevated levels of cTn,
(NTpro)-BNP, and hs-CRP are
each associated with higher rates
of death and recurrent ischemic
events. Not surprisingly, the simultaneous assessment of the biomark-

Elevated levels of cTn, (NTpro)-BNP, and hs-CRP are each associated
with higher rates of death and recurrent ischemic events.

incidence of major CV events in
seemingly healthy persons without hyperlipidemia but with an
elevated hs-CRP.54 The beneficial
anti-inflammatory effects of statin
therapy for ACS patients are well
documented. The intensity of statin
therapy correlates with the reduction in CRP and the risk of recurrent events.55 Patients with low CRP
levels after initiation of statin therapy showed better clinical outcomes
than those with higher CRP levels,
regardless of their level of low-density lipoprotein cholesterol.56
In conclusion, inflammation biomarkers are related to the development of atherosclerosis and play an
important role in the progression
toward an acute coronary event.
However, their diagnostic value
seems limited. During and after
a coronary event, the degree of
inflammation is correlated to the

ers of necrosis, inflammation, and
mechanical strain provide complementary information.57 Recent data
confirm that cTn is the most useful biomarker in identifying those
patients at a high risk for recurrent
MI and that natriuretic peptides
are the most useful for identifying
those at risk for HF and death.58,59
Combining the results of diverse
biomarkers may provide a more
powerful prognostic prediction
than a single biomarker approach.
However, current guidelines do
not, support the routine use of such
a strategy due to a lack of validation
within
large
studies.1,2,8
Nonetheless, the specific ratio of
biomarker elevations could provide a unique opportunity to
understand the mechanisms at
work in a particular case of ACS.
This understanding may enable
clinicians to combat risk more
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effectively and provide a more tailored therapy for an individual with
ACS by depending on the most
profoundly affected mechanisms.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.
11.
12.

13.

14.

Bassand JP, Hamm CW, Ardissino D, et al; Task Force
for Diagnosis and Treatment of Non-ST-Segment
Elevation Acute Coronary Syndromes of European
Society of Cardiology. Guidelines for the diagnosis
and treatment of non-ST-segment elevation acute
coronary syndromes. Eur Heart J. 2007;28:1598-1660.
Anderson JL, Adams CD, Antman EM, et al. 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. Circulation.
2007;116:e148-e304.
McCullough PA, Peacock WF, O’Neil B, de Lemos JA.
Capturing the pathophysiology of acute coronary syndromes with circulating biomarkers. Rev Cardiovasc
Med. 2010;11(suppl 2):S3-S12.
Vanhecke TE, Franklin BA, Maciejko J, et al. Lipoproteins, inflammatory biomarkers, and cardiovascular
imaging in the assessment of atherosclerotic disease
activity. Rev Cardiovasc Med. 2009;10:51-58.
Martins TB, Anderson JL, Muhlestein JB, et al. Risk
factor analysis of plasma cytokines in patients with
coronary artery disease by a multiplexed fluorescent
immunoassay. Am J Clin Pathol. 2006;125:906-913.
Furtado MV, Rossini AP, Campani RB, et al. Interleukin-18: an independent predictor of cardiovascular
events in patients with acute coronary syndrome after
6 months of follow up. Coron Artery Dis. 2009;20:
327-331.
Newby AC, George SJ, Ismail Y, et al. Vulnerable atherosclerotic plaque metalloproteinases and foam cell
phenotypes. Thromb Haemost. 2009;101:1006-1011.
McCullough PA, O’Neill WW, Graham M, et al. Impaired culprit vessel flow in acute coronary syndromes
ineligible for thrombolysis. J Thromb Thrombolysis.
2000;10:247-253.
Omland T. Clinical and laboratory diagnostics of
cardiovascular disease: focus on natriuretic peptides
and cardiac ischemia. Scand J Clin Lab Invest Suppl.
2005;240:18-24.
Jaffe AS, Babuin L, Apple FS. Biomarkers in acute
cardiac disease. J Am Coll Cardiol. 2006; 48:1-11.
Boyce N. Cardiac markers: which ones are labs using?
Clin Lab News. 1996;1:1-14.
Myocardial infarction redefined—a consensus document of The Joint European Society of Cardiology/
American College of Cardiology Committee for the
redefinition of myocardial infarction. Eur Heart J.
2000;21:1502-1513.
Thygesen K, Alpert JS, White HD; Joint ESC/ACCF/
AHA/WHF Task Force for the Redefinition of Myocardial Infarction. Universal definition of myocardial
infarction. Eur Heart J. 2007;20:2525-2538.
Apple FS, Jesse RL, Newby LK, et al; National Academy of Clinical Biochemistry; IFCC Committee for
Standardization of Markers of Cardiac Damage.
National Academy of Clinical Biochemistry and IFCC
Committee for Standardization of Markers of Cardiac
Damage Laboratory Medicine Practice Guidelines:

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.
28.

29.

30.

31.

32.

33.

34.

analytical issues for biochemical markers of acute
coronary syndromes. Circulation. 2007;115:e352e355.
Jaffe AS, Ravkilde J, Roberts R, et al. It’s time
for a change to a troponin standard. Circulation.
2000;102:1216-1220.
Januzzi JL Jr, Bamberg F, Lee H, et al. High-sensitivity
troponin T concentrations in acute chest pain patients
evaluated with cardiac computed tomography. Circulation. 2010;121:1227-1234.
Mills NL, Churchhouse AM, Lee KK, et al. Implementation of a sensitive troponin I assay and risk of
recurrent myocardial infarction and death in patients
with suspected acute coronary syndrome. JAMA.
2011;305:1210-1216.
Dokainish H, Pillai M, Murphy SA, et al. TACTICSTIMI-18 Investigators. Prognostic implications of
elevated troponin in patients with suspected acute
coronary syndrome but no critical epicardial coronary
disease: a TACTICS-TIMI-18 substudy. J Am Coll
Cardiol. 2005;45:19-24.
Jolly SS, Shenkman H, Brieger D, et al; GRACE
Investigators. 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.
2011;97:197-202.
Antman EM, Cohen M, Bernink PJ, et al. The TIMI
risk score for unstable angina/non-ST elevation MI: a
method for prognostication and therapeutic decision
making. JAMA. 2000;284:835-842.
Granger CB, Goldberg RJ, Dabbous O, et al; Global
Registry of Acute Coronary Events Investigators.
Predictors of hospital mortality in the global registry of acute coronary events. Arch Intern Med.
2003;163:2345-2353.
Riezebos RK, Tijssen JG, Verheugt FW, Laarman
GJ. Percutaneous coronary intervention for non STelevation acute coronary syndromes: which, when and
how? Am J Cardiol. 2011;107:509-515.
Henry JP, Gauer OH, Reeves JL. Evidence of the atrial
location of receptors influencing urine flow. Circ Res.
1956;4:85-90.
Sudoh T, Kangawa K, Minamino N, Matsuo H. A
new natriuretic peptide in porcine brain. Nature.
1988;332:78-81.
Suga S, Nakao K, Hosoda K, et al. Receptor selectivity
of natriuretic peptide family, atrial natriuretic peptide,
brain natriuretic peptide, and C-type natriuretic peptide. Endocrinology. 1992;130:229-239.
Levin ER, Gardner DG, Samson WK. Natriuretic
peptides. N Engl J Med. 1998;339:321-328.
Hall C. Essential biochemistry and physiology of
(NT-pro)BNP. Eur J Heart Fail. 2004;6:257-260.
Pemberton CJ, Johnson ML, Yandle TG, Espiner
EA. Deconvolution analysis of cardiac natriuretic
peptides during acute volume overload. Hypertension.
2000;36:355-359.
Goetze JP, Christoffersen C, Perko M, et al. Increased
cardiac BNP expression associated with myocardial
ischemia. FASEB J. 2003;17:1105-1107.
Riezebos RK, Ronner E, de Boer BA, et al. Dynamics
in NT-proBNP concentration in patients with NSTEACS. Am Heart J. 2005;150:1255-1259.
Sabatine MS, Morrow DA, de Lemos JA, et al. Acute
changes in circulating natriuretic peptide levels in
relation to myocardial ischemia. J Am Coll Cardiol.
2004;44:1988-1995.
Riezebos RK, Ronner E, Tijssen JG, Laarman GJ.
NT-ProBNP serum levels reflect severity and extent of ischemia in patients admitted with non-STelevation acute coronary syndrome. Acute Card Care.
2006;8:51-57.
Navarro Estrada JL, Rubinstein F, Bahit MC, et al;
PACS Investigators. NT-probrain natriuretic peptide
predicts complexity and severity of the coronary
lesions in patients with non-ST-elevation acute coronary syndromes. Am Heart J. 2006;151:1093.e1-e7.
Sadanandan S, Cannon CP, Chekuri K, et al. Association of elevated B-type natriuretic peptide levels with

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

angiographic findings among patients with unstable
angina and non-ST-segment elevation myocardial
infarction. J Am Coll Cardiol. 2004:44:564-568.
Riezebos RK, Laarman GJ, Tijssen JG, Verheugt FW.
The value of N-terminal proB-type natriuretic peptide
for early identification of myocardial infarction in patients with high-risk non-ST-elevation acute coronary
syndromes. Clin Chem Lab Med. 2011;49:1359-1365.
Baggish AL, van Kimmenade RR, Januzzi JL Jr. The
differential diagnosis of an elevated amino-terminal
pro-B-type natriuretic peptide level. Am J Cardiol.
2008;101:43-48.
Bassan R, Potsch A, Maisel A, et al. B-type natriuretic
peptide: a novel early blood marker of acute myocardial infarction in patients with chest pain and no
ST-segment elevation. Eur Heart J. 2005;26:234-240.
Weber M, Bazzino O, Navarro Estrada JL, et al.
N-terminal B-type natriuretic peptide assessment
provides incremental prognostic information in patients with acute coronary syndromes and normal
Troponin T values upon admission. J Am Coll Cardiol.
2008;51:1188-1195.
Khan SQ, Quinn P, Davies JE, Ng LL. N-terminal
pro-B-type natriuretic peptide is better than TIMI
risk score at predicting death after acute myocardial
infarction. Heart. 2008;94:40-43.
Ang DS, Wei L, Kao MP, et al. A comparison between
B-type natriuretic peptide, Global Registry of Acute
Coronary Events (GRACE) score and their combination
in ACS risk stratification. Heart. 2009;95:1836-1842.
McCullough PA, Peacock WF, O’Neil B, et al. An
evidence-based algorithm for the use of B-type natriuretic testing in acute coronary syndromes. Rev
Cardiovasc Med. 2010;11(suppl 2):S51-S65.
de Lemos JA, Peacock WF, McCullough PA. Natriuretic peptides in the prognosis and management
of acute coronary syndromes. Rev Cardiovasc Med.
2010;11(suppl 2):S24-S34.
Wright RS, Anderson JL, Adams CD, et al. 2011
ACCF/AHA Focused Update of the Guidelines for
the Management of Patients With Unstable Angina/
Non-ST-Elevation Myocardial Infarction (Updating
the 2007 Guideline): a report of the American College
of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation.
2011;123:2022-2060.
Buffon A, Biasucci LM, Liuzzo G, et al. Widespread
coronary inflammation in unstable angina. N Engl J
Med. 2002;347:5-12.
Libby P, Ridker PM, Maseri A. Inflammation and
atherosclerosis. Circulation. 2002;105:1135-1143.
Zairis MN, Adamopoulou EN, Manousakis SJ, et al;
Biomarkers of Inflammation and Outcome in Acute
Coronary Syndromes (BIAS) Investigators. The impact of hs C-reactive protein and other inflammatory
biomarkers on long-term cardiovascular mortality in
patients with acute coronary syndromes. Atherosclerosis. 2007;194:397-402.
Hamirani YS, Pandey S, Rivera JJ, et al. Markers of
inflammation and coronary artery calcification: a
systematic review. Atherosclerosis. 2008;201:1-7.
Thompson D, Pepys MB, Wood, SP. The physiological
structure of human C-reactive protein and its complex
with phosphocholine. Structure. 1999;7:169-177.
Tillett WS, Francis T. Serological reactions in pneumonia with a non-protein somatic fraction of pneumococcus. J Exp Med. 1930;52:561-571.
Diercks DB, Kirk JD, Naser S, et al. Value of highsensitivity C-reactive protein in low risk chest pain
observation unit patients. Int J Emerg Med. 2011;4:37.
Kilic T, Jneid H, Ural E, et al. Impact of the metabolic
syndrome on high-sensitivity C reactive protein levels
in patients with acute coronary syndrome. Atherosclerosis. 2009;207:591-596.
de Winter RJ, Fischer JC, de Jongh T, et al. Different
time frames for the occurrence of elevated levels of
cardiac troponin T and C-reactive protein in patients
with acute myocardial infarction. Clin Chem Lab Med.
2000;38:1151-1153.
de Winter RJ, Fischer J, Bholasingh R, et al. C-reactive
protein and cardiac troponin T in risk stratification:

Vol. 13 No. 2/3 • 2012 • Reviews in Cardiovascular Medicine • e75

40041700001_RICM0607.INDD 75

17/10/12 9:42 AM

Biochemical Aspects of Non–ST-Segment Elevation ACS continued

54.

55.

differences in optimal timing of tests early after the
onset of chest pain. Clin Chem. 2000;46:1597-1603.
Ridker PM, Danielson E, Fonseca FA, et al; JUPITER
Study Group. Rosuvastatin to prevent vascular events
in men and women with elevated C-reactive protein.
N Engl J Med. 2008;359:2195-2207.
Ridker PM, Cannon CP, Morrow D, et al; Pravastatin or Atorvastatin Evaluation and Infection
Therapy-Thrombolysis in Myocardial Infarction 22
(PROVE IT-TIMI 22) Investigators. C-reactive protein levels and outcomes after statin therapy. N Engl J
Med. 2005;352:20-28.

56.

57.

Ridker PM, Morrow DA, Rose LM, et al. Relative
efficacy of atorvastatin 80 mg and pravastatin 40 mg
in achieving the dual goals of low-density lipoprotein
cholesterol < 70 mg/dl and C-reactive protein < 2 mg/l:
an analysis of the PROVE-IT TIMI-22 trial. J Am Coll
Cardiol. 2005;45:1644-1648.
Sabatine MS, Morrow DA, de Lemos JA, et al. Multimarker approach to risk stratification in non-ST
elevation acute coronary syndromes: simultaneous
assessment of troponin I, C-reactive protein, and
B-type natriuretic peptide. Circulation. 2002;105:
1760-1763.

58.

59.

Scirica BM, Sabatine MS, Jarolim P, et al. Assessment
of multiple cardiac biomarkers in non-ST-segment
elevation acute coronary syndromes: observations
from the MERLIN-TIMI 36 Trial. Eur Heart J.
2011;32:697-705.
Harutyunyan MJ, Mathiasen AB, Winkel P, et
al; CLARICOR Trial Group. High-sensitivity
C-reactive protein and N-terminal pro-B-type
natriuretic peptide in patients with stable coronary artery disease: a prognostic study within
the CLARICOR trial. Scand J Clin Lab Invest.
2011;71:52-62.

Main Points
• The assessment of biomarkers is considered as increasingly important with regard to outcomes and
management strategies of patients with an acute coronary syndrome (ACS).
• The characteristic rise and fall of cardiac troponin (cTn) I or T is now the preferred indicator of myocardial
infarction (MI). Unlike other cardiac biomarkers used to detect cardiac damage, cardiac troponins are entirely
specific to myocardial injury.
• The level of elevation in inflammatory biomarkers predicts outcomes in patients with ACS, irrespective of the
amount of myocardial damage.
• Recent data confirm that cTn is the most useful biomarker in identifying those patients at a high risk for recurrent
MI and that natriuretic peptides are the most useful for identifying those at risk for heart failure and death.
• Combining the results of diverse biomarkers may provide a more powerful prognostic prediction than a single
biomarker approach.
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