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1. ABSTRACT

Outcomes of victims of cardiac arrest or acute
myocardial ischemic events have improved with advances
in medical therapy. Heart failure, however, remains a
leading cause of morbidity and mortality after these
conditions have occurred. Clinical features may be useful
for predicting patients who are at risk of developing such
complications, but they lack of sensitivity and specificity.
Biomarkers have been therefore suggested as means to
provide relevant prognostic information. The more
commonly used biomarkers after cardiovascular ischemic
events, including cardiac arrest, are creatin kinases and
troponins. In addition, natriuretic peptides and C-reactive
protein have gained great interest and now sufficient data
has been collected such to justify their clinical
applicability. Finally, several other novel biomarkers, to be
used after resuscitation from cardiac arrest or more
generally after a myocardial ischemic event, have been
anticipated. Nevertheless, the “perfect” biomarker, able to
provide diagnosis and prognosis with high sensitivity and
specificity does not exit. A multimarker strategy that
categorizes patients based on the number of elevated
biomarkers at presentation is therefore suggested.
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2. INTRODUCTION

Cardiovascular disease is a leading cause of death
in the Western world. In the United States, approximately
one half of the 2 million deaths each year are due to
cardiovascular disecase. More specifically, as many as
400,000 Americans and 700,000 Europeans sustain cardiac
arrest each year (1). Though the initial success of
cardiopulmonary resuscitation is approximately 39%, a
majority of victims die within 72 hours (2, 3). Severe heart
contractile failure due to post-resuscitation myocardial
dysfunction has been implicated as the most important
mechanism accounting for these fatal outcomes (4, 5).

The prognosis of patients resuscitated from cardiac
arrest can be estimated by information obtained from the
clinical history, electrocardiogram (ECG) abnormalities,
and, more recently, from biochemical indicators of
myocardial injury and dysfunction, as well as markers of
renal failure and inflammatory activity (6).

During the last two decades, biomarkers and laboratory
parameters, commonly used in clinical cardiology, have
gained increasing significance and play important roles as
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Table 1. Biomarkers of cardiac ischemic events
After an ischemic
resuscitation

from cardiac arrest
Creatine Kinases'
Troponins'

B-type natriuretic peptide’

During cardiopulmonary event or

resuscitation

Coronary perfusion pressure’'
End tidal CO2'
VF Amplitude and Frequency'

Amplitude Spectrum Area® N-terminal pro-B-type natriuretic
peptide?
Mid-regional pro-atrial natriuretic
peptide’

C-reactive protein’
Pentraxin 3*

Arginine vasopressin
C-terminal provasopressin’
Adrenomedullin’
Endothelin-1°

Traditional biomarker, “Novel biomarker

indicators of risk for coronary events, in primary and
secondary prevention, in the diagnosis and management of
acute myocardial necrosis and heart failure patients. The
development of novel biochemical markers has also led to
new insights in the pathophysiology of coronary artery
disease, acute coronary syndromes, including cardiac
arrest, and heart failure conditions (7).

The term “biomarker”, however, might be referred not
only to a dosable humoral biochemical feature or facet but
to every different “message” that can be assessed from the
patient during treatment or the subsequent follow-up.
Indeed, this anticipation is more evident under the specific
setting of cardiac arrest. For this particular condition, we
therefore need to discriminate among messages that
provide feedback regarding the effects of treatment,
cardiopulmonary resuscitation in this specific case, and
messages that bring information on the progress of disease,
and in particular on the post- resuscitation cardiac
dysfunction and ultimately survival.

In this review, after an initial introduction to the
pathophysiologic events associated with cardiac ischemic
events, we will briefly describe the “bio-information”
commonly used during cardiopulmonary resuscitation to
guide the resuscitation maneuvers and predict outcome, to
finally focus more attention on the cardiac “biomarkers”
routinely and experimentally used to assess prognosis
following resuscitation from cardiac arrest or reperfusion
after episodes of local myocardial ischemic insults. All the
biomarkers discussed are summarized in Table 1.

3. PATHOPHYSIOLOGY OF MYOCARDIAL
INJURY FOLLOWING CARDIAC ARREST OR A
MYOCARDIAL ISCHEMIC EVENT

3.1. Mechanisms accounting for
resuscitation/reperfusion myocardial dysfunction
Occlusion of the coronary arteries for as little as
5 minutes followed by reperfusion produces functional
abnormalities for up to 48 hours (8). Those phenomena
have been related to a condition called “myocardial
stunning” due to release of reactive oxygen species,
without evidence of inflammatory reaction. This condition
is comparable to a situation of global ischemia and
reperfusion following an episode of short duration of

post
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cardiac arrest. Nevertheless, when the duration of ischemia
is long enough to produce myocardial injuries and
infarction, inflammatory responses might occur and might
be also accelerated by reperfusion itself.

In the setting of cardiac arrest, the myocardium is
a prime target for injury caused by the condition of
ischemia (including the period of total “no flow”, during
untreated cardiac arrest, and the period of “low-flow”,
during chest compressions) and reperfusion. This leads to
functional abnormalities, including ischemic contracture
during cardiac arrest and cardiopulmonary resuscitation,
arrhythmia during the reperfusion period, and ultimately
post-resuscitation myocardial dysfunction and death. Post-
resuscitation myocardial dysfunction, which encompasses
both systolic and diastolic function, is the consequence of
the global myocardial ischemia and reperfusion injury, plus
additional adverse effects related to treatment, drugs and
repetitive electrical defibrillations (9-13).

The mechanisms responsible for  post-
resuscitation myocardial dysfunction are therefore not well
understood (14). However, several mechanisms have been
anticipated, including apoptosis of myocytes following
reperfusion. Global ischemia as a consequence of cardiac
arrest, in fact, might lead to either primary necrosis or
apoptosis  (15-19).  Oxygen deprivation provokes
mitochondrial dysfunction with subsequent loss of
membrane potential, cytochrome c release, and cell death
of ventricular myocytes (20). In addition, the profound
imbalance between ATP synthesis and utilization, a
consequence of mitochondrial dysfunction, the impairment
of ionic homeostasis and the formation of reactive oxygen
species, represent other determinant processes through
which mitochondria accelerate, or even determine, the
evolution of cell injury toward necrosis or apoptosis (21).
The cell death program is activated in cardiac myocytes by
various stressors, including cytokines, increased oxidative
stress and DNA damage (22). However, whether apoptosis
is a mechanism accounting for post-resuscitation
myocardial dysfunction remains controversial.
Nevertheless, it has become increasingly recognized as one
of the mechanisms of cell death during
ischemia/reperfusion injuries (23). What the real
mechanisms beyond myocyte death are, the cellular basis
underlying the development of cardiac ischemic disease
and dysfunction ultimately is the loss of functional
cardiomyocytes and the inability of the remaining cells to
adequately compensate (24). The endogenous regenerative
capacity of cardiac progenitor cells, which may exist in
adult myocardium, is inadequate to counterweigh the loss
of cardiomyocytes that occurs after a cardiac ischemic
event (25).

3.2. Markers of inflammatory cascade and innate
immunity pathway activations following myocardial
ischemia

Myocardial ischemia and reperfusion, whether as
a consequence of a local event or cardiac arrest, is an insult
that is also associated with inflammatory and innate
immunity responses, which ultimately lead to myocardial
healing and scar formation (26, 27). Several processes are
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involved in a sequence of events that include interactions
between pleiotropic mediators, starting with initial
activation of complement pathways, production of reactive
oxygen species, and activation of the cytokine cascade and
chemokine upreglation (8, 28-32). Chemokines stimulate
recruitment of inflammatory leukocytes into the infarct
area, while cytokines promote adhesive interactions
between leukocytes and endothelial cells, enhanced by the
concurrent loss of endothelial-derived nitric oxide, another
of the earliest manifestations of ischemia-reperfusion injury
(33, 34). The cell-mediated inflammatory response is
thereby initiated by the neutrophil migration and interaction
with the damaged endothelium and subsequent infiltration
in the reperfused myocardium, where proteolytic enzymes
are released and local cytotoxic effects produced (35-38).
Despite these potentially injurious effects, the post-
reperfusion inflammatory response also enhances healing.
Monocyte Chemoattractant Protein induced in the infarcted
area, in fact, regulates mononuclear cell recruitment.
Monocyte subsets play distinct roles in phagocytosis of
dead cardiomyocytes and in granulation tissue formation
through the release of growth factors and subsequent
induction of angiogenesis and fibroblast accumulation.
Clearance of dead cells and matrix debris may be essential
for resolution of inflammation and transition into the
reparative phase. In addition, expression of cytokines
inhibiting the inflammatory response, such as IL-10 may
suppress injury. Matrix metalloproteinases and their
inhibitors regulate the extracellular matrix deposition and
mediate ventricular remodeling. In this sense, changes in
biomarkers of collagen synthesis and degradation suggest
that extracellular matrix remodeling is an active process in
patients with congestive heart failure and left ventricular
systolic dysfunction after acute myocardial infarction. High
type 1 collagen telopeptide serum level, for example, has
been proposed as a new biomarker of myocardial injury
associated with a high cardiovascular accident rate (39).

Several studies have focused on the role played
by the acute myocardial inflammatory reaction as a
mediator of the ischemia-reperfusion syndrome. Although
it has been clearly demonstrated that neutrophils are the
predominant leukocytes accumulating in the injured
myocardium and the major source of the reactive oxygen
metabolites produced at reperfusion, the role of other
leukocyte subtypes, i.e. macrophages, remains to be
clarified especially on the early phase of reperfusion.
Macrophages, in fact, have been demonstrated to become
the prevalent cells of the inflammatory infiltrate in the late
reperfusion, thus contributing to the healing and
remodeling mechanisms after acute myocardial infarction
(40). Mononuclear cells, however, infiltrate the infarcted
myocardium in the first few hours of reperfusion. The
mechanisms responsible for monocyte recruitment have
recently been elucidated and they have been wholly
attributed to the dosable complement factor C5a, during the
initial hour of reperfusion (41). Transforming growth
factor-beta 1 also contributes significantly to the
chemotactic activity during the second and third hours of
reperfusion, while, after the third hour, monocyte
chemotactic activity is largely dependent on monocyte
chemoattractant protein-1 (42). Increased monocyte
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recruitment may lead to more effective healing. After
recruitment in the infarcted area, monocytes differentiate
into macrophages and local upregulation of Macrophage
Colony-Stimulating Factor may have an important role in
this process (27). The exact role of the macrophages in the
healing scar has not been fully investigated, however they
may serve as an important source of cytokines and growth
factors (43, 44). Recent evidence, however, suggests that
activated macrophages may also be responsible, at least in
part, for the pathogenetic changes that follow ischemia-
reperfusion. In fact, plasma levels of macrophage activating
factor-1 are elevated in patients with acute myocardial
infarction, and neutralization of this cytokine is beneficial
in preventing reperfusion injury (45, 46).

The innate immune system is clearly involved in
the pathogenesis of cardiovascular disease and therefore
represents a possible new target to be studied for diagnosis
and treatment after myocardial ischemia (28). Specifically,
Toll-like receptors (TLRs) have emerged as important
mediators at a proximal step of innate immunity pathways
(47). TLRs have been, in fact, recognized as main
contributors to pathogen-induced inflammation and, more
recently, injury-induced inflammation. Upon stimulation by
exogenous and endogenous ligands, TLRs tend to cluster,
recruit other extracellular and intracellular accessory
proteins to the complex, and trigger signaling cascades that
ultimately impact transcription of proinflammatory genes
(48, 49). In the signaling pathways downstream of the
Toll/interleukin (IL)-1 receptor (TIR) domain, a TIR
domain-containing adaptor, myeloid differentiation factor
88, has been demonstrated to be essential for induction of
inflammatory cytokines, such as tumor necrosis factor-
alpha, IL-4, IL-12, and interferon (IFN)-gamma (50, 51).
Expression of TLRs has been found in cardiomyocytes,
adventitial fibroblasts, and dendritic cells (52-55). TRLs
are therefore highly expressed in endothelium and heart,
suggesting a functional importance of these receptors in the
cardiovascular system (56). For instance, consistent with its
role as a receptor for lypopolysaccharides (LPS), cardiac
expression of TLR4 is essential for LPS-induced left
ventricle (LV) dysfunction and myocardial expression of
tumor necrosis factor-alpha, IL-1 beta, and inducible nitric
oxide synthase (57, 58). When a condition of myocardial
ischemia/reperfusion has been reproduced on 2 strains of
TLR4-deficient mice and controls, TLR4-deficient mice
sustained significantly smaller infarctions with fewer
neutrophil infiltrations, lipid peroxides, and complement
deposition, compared to control mice. Similarly, serum
levels of IL-12, IFN-gamma, and endotoxin were not
increased after ischemia-reperfusion in those mice (59).

The functional role of TLR2 in response to
ischemia and ischemia/reperfusion-induced myocardial
injury separate from microbial pathogens has also been
demonstrated in experimental studies using TLR2 knockout
mice (60). Significantly lesser myocardial fibrosis was
observed in TLR2- knockout mice in contrast to wild-type
control mice. Left ventricular dimensions at end-diastole
and end-systole were smaller and a fractional shortening
percentage higher in the TLR2-knockout mice, which
ultimately survived longer in comparison to control mice
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(61). As a consequence of the role of inflammation
following myocardial ischemia, dosage of inflammation
response markers are now emerging as future tools for
diagnosis and prognosis following myocardial ischemic
events.

Specifically, cardiac arrest involves a whole-body
ischemia and reperfusion syndrome that triggers a systemic
inflammatory response. The post-resuscitation period seems to
be characterized by high levels of circulating cytokines and
adhesion molecules, the presence of plasma endotoxin, and
dysregulated leukocyte production of cytokines. This is a
profile considered similar to that seen in severe sepsis (62).
Coagulation abnormalities occur consistently after successful
resuscitation, and their severity is associated with mortality.
During and after cardiopulmonary resuscitation, activation of
blood coagulation, platelet activation with formation of
thromboxane A, and alteration of soluble E-selectin and P-
selectin have been described (63-69). In addition, plasma
protein C and S activities after successful resuscitation are
lower in non-survivors than in survivors. Low baseline cortisol
levels may be associated with an increased risk of fatal early
refractory shock after cardiac arrest, suggesting adrenal
dysfunction in these patients. These post-resuscitation
abnormalities after cardiac arrest again mimic the
immunologic and coagulation disorders observed in severe
sepsis (70). When plasma cytokine, endotoxin, and ex vivo
cytokine production in whole-blood assays were assessed in
patients resuscitated from cardiac arrest, high levels of IL-6,
IL-8, IL-10, and soluble TNF-alpha receptor type II were able
to discriminate among survivors and nonsurvivors. Moreover,
among nonsurvivors, the initial need for vasopressor agents
was associated with higher levels of IL-1 receptor antagonist,
IL-10, and IL-6 (71). TNF-alpha, in particular, was detectable
in 54% of patients and related to mortality. In a recent
investigation, pro-inflammatory markers, anti-inflammatory
cytokines, such as IL-10, have also proved capability to predict
risk of recurrence of acute coronary events (72).

A short-term and self-limited expression of this
pro-inflammatory cascade usually provides the heart with a
rapid adaptive response to the ischemic insult injury as part
of an early warning system (73). However, under the
condition of sustained and excessive activation of the above
described processes, i.e. during chronic heart failure,
detrimental effects may contravene the beneficial ones (74,
75). Timely resolution and spatial containment of the
inflammatory response are therefore essential for optimal
infarct healing (76). Therefore inflammatory cytokines are
important biomarkers that may be assessed in patients
resuscitated from cardiac arrest. Although they do not
represent specific cardiac markers, their seriate dosage
provides important information on the status of the patient
and ultimately on outcome.

4. MARKERS AND INDICATORS FOR
SUCCESSFUL RESUSCITATION MANEUVERS
DURING CARDIAC ARREST

The highest priority after “sudden death” is to
start external cardiac compression to maintain at least
minimal coronary and cerebral perfusion. The rationale for
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instituting chest compression prior to attempted
defibrillation is best explained by the high energy cost of
ventricular fibrillation (VF). During cardiac arrest,
coronary blood flow ceases, accounting for a progressive
and severe energy imbalance. Intramyocardial hypercarbic
acidosis is associated with depletion of high energy
phosphates and correspondingly severe global myocardial
ischemia resulting in myocardial contractile dysfunction
(77, 78). After prolonged, untreated VF, the right ventricle
becomes distended and fails to expel its stroke volumes.
The ischemic left ventricle becomes contracted (79).
Progressive reductions in left ventricular diastolic and
stroke volumes have been well documented together with
increases in left ventricular free-wall thickness ushering in
the stone heart (80, 81). After onset of contracture, the
probability of successful defibrillation is remote. Early
cardiopulmonary resuscitation, which contributes to the
restoration of coronary perfusion pressure and myocardial
blood flow, delays onset of ischemic myocardial injury and
facilitates defibrillation (82).

Chen et al described three time-sensitive
electrophysiological phases, including 1) the electrical
phase of 0-4 minutes, 2) the circulatory phase of 4-10
minutes and 3) the metabolic phase of > 10 minutes (83).
During the electrical phase, immediate defibrillation is
likely to be successful. As ischemia progresses, the success
of attempted  defibrillation  diminishes  without
cardiopulmonary resuscitation. This phase is characterized
by transition to slow VF wavelets during accumulation of
ischemic metabolites in the myocardium. Type II VF often
fails defibrillation attempts because of re-entry and
recurrence of VF. In the metabolic phase, there is no
likelihood of successful restoration of a perfusing rhythm.

Existing and established predictors of good quality
cardiopulmonary resuscitation and thereby successful
resuscitation include coronary perfusion pressure (CPP),
and end-tidal CO2 (EtCO2) (82, 84-87).

Blood flows generated by chest compressions are
dependent on the pressure gradient between the aortic and
the venous pressures. CPP, defined as the difference
between simultaneously measured minimal aortic pressure
and right atrial pressure during compression diastole, is
highly correlated with coronary blood flow during cardiac
resuscitation and is currently recognized as the best single
indicator of the likelihood of successful defibrillation (88).
Based on both experimental and clinical observations,
return of spontaneous circulation (ROSC) can be predicted
when CPP is maintained above 15 mmHg during chest
compressions (85).

Under conditions of cardiac arrest and
cardiopulmonary resuscitation, cardiac output is usually
less than one-third of normal and therefore pulmonary flow
and EtCO2 is dramatically reduced. EtCO?2 is therefore an
indirect measurement of pulmonary blood flow and cardiac
output produced by chest compressions (86, 87). EtCO2 is
highly correlated with CPP during cardiopulmonary
resuscitation, and may thereby serve as a non-invasive
surrogate for CPP and therefore has emerged has another
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valuable tool for monitoring the effectiveness of chest
compressions during cardiopulmonary resuscitation (89).
When EtCO2 exceeds the threshold level of approximately
10 to 15 mmHg during cardiopulmonary resuscitation,
greater likelihood of successful ROSC has been reported
(90, 91).

With the intent to identify a better predictor of
ROSC, there has been focus on the analyses of the
electrocardiographic features of ventricular fibrillation
(VF) waveform. To this date, the electrocardiogram
represents the best “cardiac biomarker” for use during
cardiopulmonary resuscitation. The initial approaches to
ECG analysis included measurements of VF amplitude, and
then frequency (92, 93). Weaver et al. observed that
patients in which the VF amplitude was greater than 0.2
mV had a significantly greater likelihood of resuscitation
(92). Median frequency of VF also served as another
predictor of the success of electrical defibrillation (93). In a
porcine model of VF and cardiopulmonary resuscitation, a
median frequency of more than 9.14 Hz had 100%
sensitivity and 92 % specificity in predicting the success of
defibrillation. “Amplitude spectrum area” (AMSA) now
represents a more accurate predictor for successful
defibrillation. It is calculated from the resulting amplitude
frequency spectrum according to the following equation:
AMSA = X Ai x Fi, where Ai is the amplitude at the ith
frequency Fi. This method has the potential advantage that
it is not invalidated by artifacts produced by chest
compression and ventilation and thereby can be utilized
during cardiopulmonary resuscitation without the
detrimental effects of interruptions. Experimentally,
consistent evidence of the validity of AMSA has been
proved in both animal and human victims of cardiac arrest
(94-98). Specifically, AMSA values of more than 12-13
mV-Hz predict successful defibrillation in human victims
of cardiac arrest (97, 98). Accordingly, AMSA has now
emerged as a clinically applicable method, derived from the
electrocardiographic tracing, which may provide a real-
time indicator for effectiveness of chest compressions and
prediction of the success of defibrillation.

5. BIOMARKERS OF CARDIAC INJURY
FOLLOWING RESUSCITATION FROM CARDIAC
ARREST OR REPERFUSION AFTER AN ISCHEMIC
EVENT

The more commonly used biomarkers after
cardiovascular ischemic events, including cardiac arrest,
are creatine kinases (CK) and troponins. In addition,
natriuretic peptides (NPs) and C-reactive protein (CRP)
have gained great interest and now sufficient data have
been collected to justify its clinical applicability. Finally,
several other novel biomarkers, to be wused after
resuscitation from cardiac arrest or more generally after a
myocardial ischemic event, have been anticipated.
Experimental as well as initial clinical results on the use of
novel biomarkers are promising and will be discussed in
section 5.2. Nevertheless, further investigations are
necessary prior to the routine assessment of these novel
biomarkers following cardiac arrest or myocardial
ischemia.
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5.1. Traditional biomarkers

As little as 10 years ago, a discussion on cardiac
biomarkers was limited to CKs, aspartate aminotransferase,
and lactate dehydrogenase. These enzymes are released in
the setting of myocardial necrosis and thus were used as
tools for the diagnosis of myocardial infarction. In the
intervening years, however, several new cardiac
biomarkers, namely CK-MB and troponins I and T, were
discovered and became routine for understanding the
pathophysiology and to estimate the prognosis following
myocardial ischemic insults.

5.1.1. Troponins

Troponin I, C, and T form a complex that
regulates the calcium-modulated interaction of actin and
myosin in striated muscle. Among the cardiac markers,
troponins I and T are sensitive and specific markers of
myocardial injury and are used routinely for the diagnosis
of acute coronary syndromes. They provide prognostic
information and are of great value for risk stratification of
patients (99-103). Elevated troponin blood levels have been
reported in several cohorts of patients with heart failure,
and the magnitude of elevation has been correlated with the
severity of the disease and with adverse outcomes (104-
106). Because of their high cardiac specificity, elevated
blood troponins may suggest ongoing myocardial damage
and may serve as a marker for the progression of disease
during the post reperfusion recovery. Currently, for every
patient who has suffered a myocardial ischemic event or
who has been resuscitated from cardiac arrest, cardiac
troponin T or I are considered the first-line test and two
samples are recommended for collection, one at admission
and the other 12-24 hours later (107).

Cardiac troponin T has been investigated
extensively and has been found to be a sensitive marker of
myocardial necrosis (108-110). The presence of elevated
levels of troponin T in the general population has a
prevalence of less than 1% and this condition is commonly
associated with an underlying cardiovascular disease or
high-risk phenotypes for cardiac accidents, especially in
persons with chronic heart failure. Currently, new highly
sensitive assays for determination of troponins are available
and have shown that troponin T retains a prognostic value
at previously undetectable concentrations. When troponin T
levels were investigated in more than 4000 patients with a
left ventricular ejection fraction of <40% using both the
standard assay, with a detection limit of less than 0.01
ng/mL, and the high sensitivity assay, with a detection limit
of less than 0.01 ng/mL, troponin T detection increased
from approximately 10% of the population to more than
90%. The circulating concentration of this highly sensitive
troponin T showed even greater prognostic accuracy in
association with increases in another biomarker, namely
type-B natriuretic peptide (BNP). In 658 patients who
presented with BNP above the median and troponin T
below, mortality was 14%. However, in an additional 632
patients with BNP below the median and troponin T above,
mortality was 20%. Finally, in the 1331 patients with both
markers above their respective median concentrations,
mortality increased to 32% (111). A continuous, slow
release of troponins from the myocardium might reflect an
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ongoing cardiac myocyte cell death. This condition has
been associated with the condition of ventricular
dysfunction following myocardial ischemia in both animal
models and humans patients suffering with chronic heart
failure (112, 113). If ongoing cardiac damage at a very low
rate is the determinant of these circulating troponins, other
mechanisms may, however, account for this phenomenon,
such as stretching of cardiac myocytes with transient loss
of cell membrane integrity. Apoptosis contribution to
troponin T elevation might also be another cause (114,
115).

The issue of specificity of cardiac troponins is
critical to the proper use and interpretation of the data.
Troponin specificity has not been fully defined. If
specificity for the myocardium is high, events can be
attributed with a high degree of certainty to cardiac injury.
However, if specificity is less robust, increases may occur
because of release from skeletal muscle rather than the
myocardium and thus may be a marker of acute illness
rather than cardiac injury (116). This would be of particular
concern for patients with more diverse underlying clinical
problems. Cardiac troponins are expressed in fetal and
neonatal skeletal muscle in humans and experimental
animals, but are suppressed in healthy adult skeletal muscle
(117). Nevertheless, they are re-expressed in response to
skeletal muscle injury in rats (118).

Elevation of troponin I is highly specific for
myocardial injury and may facilitate distinguishing among
other clinical conditions associated with elevation of other
markers. Troponin I from cardiac muscle and slow- and
fast-twitch skeletal muscle, in fact, are products of different
genes. Thus, developed monoclonal antibodies to cardiac
troponin I have no cross-reactivity with the skeletal muscle
forms (119). Specificity of troponin I has been therefore
investigated in patients suffering from various clinical
conditions associated with elevation of cardiac biomarkers
(120). Elevations of total creatine kinases are common, and
more specifically CK-MB is high in 59% of patients with
acute muscle injury, in 78% of patients with chronic muscle
disease and marathon runners, and in 3.8% of patients with
chronic renal failure. However, troponin I is elevated only
in patients who have been diagnosed with myocardial
infarction and myocardial contusion. There is also an
important association between these elevations of troponin
I and the presence of echocardiographic wall motion
abnormalities. This further suggests that measurement of
troponin I provides information comparable to
echocardiography in clarifying the presence or absence of
cardiac injury when elevations of CK-MB occur.

5.1.2. Creatin kinases

Measurement of CKs in the serum was
extensively used in the 1970s as a useful tool in the
diagnosis of acute myocardial infarction. In a large number
of patients, however, an elevated CK value added little
information because of the presence of concomitant
skeletal muscle damage. This problem has recently been
advanced by the development of techniques able to separate
CK into its three isoenzymes, i.e. MM, MB, and BB.
Separation and quantification of CK-MB isoenzyme, in
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particular, provided a more specific indicator of acute
myocardial ischemic injury compared to levels of total CK
121).

More recently, CK-MB has been considered as
the most sensitive and specific indicator available for the
diagnosis of an acute myocardial infarction. The advantage
of this biomarker is the degree and duration of its elevation
in serum that approximates the extent of the acute
myocardial infarction. However, a variety of factors may
affect the reliability of this measurement, i.e. differences in
the fractionation and assay methods, as well as the presence
of CK-MB in tissues other than the myocardium and the
release of CK-MB under conditions other than during an
acute myocardial infarction (122). At present, measurement
of CK-MB is an alternative to troponin measurement, but is
only recommended, if troponin measurement is not
available. When CK-MB is assessed during the evaluation
and treatment of victims of myocardial ischemic events or
cardiac arrest, it is critical to be sure that blood samples are
obtained at least 6 to 9 hours after the onset of symptoms.
The sampling frequency should consider an initial test at
admission, a second 2 to 4 hours later, followed by a third
one at 6 to 9 hours, with an extra optional 12 to 24 hour
sample (123).

The sensitivity of CK-MB determination has
been reported to vary from 50-60%, at the time of
admission, to 92%-97% three hours later. The
immunochemical tests demonstrate specificities ranging
from 83.0% to 96.4% after three hours from the acute
insult. This is important in the rapid management and
treatment of patients during the initial period following
resuscitation from cardiac arrest or the occurrence of an
ischemic event. Nearly 50% of patients with acute
myocardial infarction, in fact, initially have non-diagnostic
ECGs. In fact, when serial serum samples, at the admission
and three hours after presentation, for analyses of CK-MB,
were obtained in more than 180 patients presenting with
chest pain into the emergency room, but in the absence of
diagnostic ECG, acute myocardial infarction was
confirmed in 17% of patients (124).

In different settings, sensitivity and specificity of
CK-MB values assessed at admission and 2 hours later,
were investigated for detection of acute myocardial
infarction. In that investigation cardiac troponin I was used
as the sole marker to confirm myocardial necrosis in 975
chest pain patients with a baseline troponin level of 1.0
ng/mL and an initial ECG non-diagnostic for injury. Acute
myocardial infarction was diagnosed in less than 5% of the
patients. More specifically, the ROC curve area of the delta
CK-MB level allowed for an early identification of acute
myocardial infarction. A cutoff value for the 2-hour delta
CK-MB level of 0.7 ng/mL had a sensitivity of 93% and a
specificity of 94% in the early identification and exclusion
of acute myocardial infarction in those specific patients
presenting with non-ST-segment elevation chest pain (125).
Those results were confirmed in a subsequent study, which
included more than 400 patients with chest pain and non-
diagnostic ECG. However, the best diagnostic value of CK-
MB for diagnosis of myocardial ischemia was the one
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obtained after six hours following the hospital admission
(126).

In a recent study, the best cardiac biomarker was
assessed to predict infarct size, left ventricular ejection
fraction, and clinical outcome in patients undergoing primary
percutaneous coronary intervention (PCI) for ST-segment
elevation myocardial infarction, which is a frequent condition
associated with cardiac arrest. Specifically, CK, CK-MB, and
troponins T and I were determined in 378 patients before PCI
and serially up to 72 hours. All CK, CK-MB, and troponins T
and I after PCI significantly correlated with infarct size and
ejection fraction. However, 72-hour troponin I, in particular,
emerged as the only effective method to estimate infarct size,
myocardial function, and risk stratification. It, in fact,
correlated strongly with 5-day and 30-day infarct size. When a
value of more than 55 ng/mL was measured, it was associated
with a sensitivity of 90% and specificity of 70% with the
presence of a large myocardial infarct and a left ventricle
ejection fraction of less than 40% (127).

In a recent study of 26 victims of sudden cardiac
arrest, Dr. Wang and colleagues investigated changes in CK-
MB and troponin I, elevations of ST in electrocardiograms,
and the result of coronary arteriography, in order to identify
myocardial damage and acute myocardial infarction during
cardiopulmonary resuscitation (128). All patients manifested
myocardial damage after resuscitation. CK-MB and troponin [
concentrations increased gradually, but without specificity for
earlier identification of myocardial damage and ST elevation
myocardial infarction. Elevation of the ST segment in the
electrocardiogram, instead, showed a more predictive value.
Decrease of the ST segment elevation in the electrocardiogram
2 hours after ROSC, or the peak of contents of CK-MB and
troponin I, 12 or 16 hours after CPR, indicated myocardial
damage. However, when elevation of ST segment did not
descend within 2 hours following ROSC, or the levels of CK-
MB and troponin I remained elevated 20 hours after
resuscitation, ST elevation myocardial infarction had to be
suspected, and interventional therapy or thrombolysis
considered. In patients without coronary artery block, CK-MB
level began to elevate 4 hours after ROSC, and peaked at the
12th hour. Troponin I also began to rise 4 hours after ROSC,
peaked after 16 hours, and then decreased gradually. ST
elevation was seen at the beginning of ROSC, then lowered
quickly within 2 hours. In patients with coronary artery block,
CK-MB and troponin I also began to increase 4 hours after
CPR. However, they remained elevated after 20 hours. In these
patients, the ST segment was elevated at the beginning of
ROSC, and remained elevated after 2 hours following
resuscitation (128).

5.2. New biomarkers for cardiac arrest and myocardial
ischemia patients

5.2.1. Natriuretic peptides: BNP, N-terminal pro-B-type
natriuretic peptide (NTproBNP) and Midregional pro-
atrial natriuretic peptide (MR-proANP)

B-type natriuretic peptide (NP) and its more
stable counterpart, N-terminal pro-B-type natriuretic
peptide (NTproBNP), have shown great promise, covering
a wide range of acute coronary syndromes (129).
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Natriuretic peptide levels are now widely used in clinical
practice and cardiovascular research and have been
incorporated into most national and international
cardiovascular guidelines for heart failure. NPs have
numerous advantages compared to other biomarkers. NP
levels allow for accurate diagnosis of heart failure and may
be helpful to screen for asymptomatic left ventricular
dysfunction in high-risk patients. NP levels are also
important tools for risk stratification of patients with regard
to the need for hospital admission or discharge. More
specifically, NP levels at the time of admission are
powerful predictors of re-hospitalization and death, and in
combination with symptoms and signs, in the assessment of
clinical decompensation (130).

In 450 patients suffering from an acute
myocardial ischemic event, measurements of troponin I and
BNP and CRP were performed. Elevations in troponins and
BNP were independent predictors of death, myocardial
infarction or congestive heart failure. When patients were
categorized on the basis of the number of elevated
biomarkers at presentation, there was a near doubling of the
mortality risk for each additional biomarker that was
elevated. Similar relationships persisted at both 30 days and
through 10 months of observation. A subsequent validation
cohort of more than 1600 patients confirmed the number of
elevated biomarkers as significant predictors. Patients with
one, two, and three elevated biomarkers had a 2.1, 3.1, and
3.7 fold increase in the risk of death, myocardial infarction
or chronic heart failure within 6 months from the initial
observation (131).

It has been previously shown that BNP and
NTproBNP were related to long-term prognosis in patients
with predominantly ST-segment elevation acute myocardial
infarction (132, 133). When, in fact, NTproBNP have been
assessed during the subacute phase in 204 patients with ST-
elevation myocardial infarction, in 220 with non-ST
segment elevation MI and in 185 with unstable angina,
median NRproBNP levels were significantly lower in long-
term survivor than in non-survivor patients, namely 442 vs
1306 pmol/L (132). The prognostic information introduced
by this novel marker has been shown to be superior to
echocardiographically assessed left ventricular ejection
fraction. Plasma BNP and NTproBNP measured 2 to 4 days
after myocardial infarction, independently predicted left
ventricular function and 2-year survival. Specifically, the
early post-myocardial infarction level of NTproBNP was a
powerful independent predictor of death or heart failure
over the 2 years after myocardial infarction. In a recent
study, NTproBNP levels were shown to be also predictive
of short-term survival, after adjustment for conventional
contemporary risk markers, such as troponin I (134).
Therefore, natriuretic peptides have now emerged as
powerful indicators for short-term, medium-term and long-
term prognosis across the spectrum of acute coronary
syndromes.

In patients who suffered from an acute coronary
syndrome and had no evidence of clinical heart failure,
NTproBNP provided prognostic information above and
beyond conventional risk markers. It has been therefore
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anticipated that BNP and NTproBNP releases, even in the
absence of myocardial necrosis, are augmented by transient
or permanent ventricular dysfunction induced by
myocardial ischemia and more specifically the magnitude
of the increase in NTproBNP may reflect the extent of the
ischemic territory. These two peptides are considered as
true "ventricular" hormones and their release is mediated
by ventricular wall stress, and their synthesis is increased
with cardiac injury and especially in the peri-infarct zone
(133). However, in addition to the high sensitivity,
NTproBNP and BNP elevations are associated with several
other risk factors for adverse outcomes, including advanced
patient age, renal impairment, cardiac arrhythmias, and
preexisting systolic or diastolic dysfunction. Consequently,
those biomarkers may ultimately reflect the result of
different pathological conditions (132).

Mid-regional pro-atrial natriuretic peptide (MR-
proANP) is a newly introduced stable fragment of N-
terminal pro-atrial natriuretic peptide. Its prognostic value
has been recently compared to that of NT-proBNP in
patients with acute myocardial infarction. MR-proANP has
emerged as another powerful predictor of adverse outcome,
especially when it has been associated with concurrent
elevated NT-proBNP (135). Mid-regional pro-atrial
natriuretic peptide therefore may represent a clinically
useful marker of prognosis after a myocardial ischemic
event as part of a multi-marker strategy targeting the
natriuretic neurohormonal pathways. In a retrospective
analysis of 251 consecutive patients presenting to the
emergency department with dyspnea, MR-proANP plasma
concentrations were measured (135). A discriminative MR-
proANP cutoff level of 169 pmol/L recognized dyspnea
attributable to acute destabilized heart failure. The
diagnostic value of MR-proANP therefore appeared to be
comparable to that of BNP and NT-proBNP in
discriminating heart failure patients.

5.2.2. Pentraxins: C-reactive protein and pentraxin 3
(PTX3)

Pentraxins are a super family of proteins
characterized by a multimeric structure (137-139). The
classic short pentraxin, C-reactive protein, is a prototypic
acute-phase protein produced in the liver in response to
inflammatory signals, which serves as a marker of
inflammation and infection (140).

Recently, better understanding of the role of inflammation
in atherosclerosis and myocardial ischemia has prompted
measurements of inflammatory biomarkers to identify
patients with increased risk for myocardial ischemic events.
Elevated C-reactive protein levels, specifically, have been
observed in patients with acute coronary syndromes and
have been associated with increased coronary risk in
healthy subjects. CRP is now recognized as a sensitive
marker of inflammation that provides an independent
prediction of cardiovascular disease (141-143). CRP has
been found in endothelial atherosclerotic lesions, and
evidence suggests that it may play a role in atherogenesis.
Thus, CRP may not only reflect the degree of underlying
inflammation predisposing to atherosclerosis, but may also
play a direct role in promoting plaque rupture and
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thrombosis (144, 145). Among middle-aged and elderly
subjects with no apparent heart disease except for frequent
ventricular premature complexes, CRP values have proved
the validity for risk stratification. A CRP value of more
than 2.5 pg/mL is, in fact, associated with a significantly
higher risk of death and acute myocardial infarction. Those
subjects deserve primary prevention measures and further
follow up for structural heart disease. In acute myocardial
infarction patients, the admission levels of plasma C-
reactive protein, are elevated and associated with short and
long term outcome (146).

Of all candidate serum markers that might add
information to clinical risk assessment, high-sensitivity C-
reactive protein measurement, therefore, appears to have
the most potential for clinical use for multiple reasons. It is
associated with a two-fold to a three-fold increase in the
prevalence of myocardial infarction, stroke, and peripheral
vascular disease, and it predicts incidence of cardiovascular
events in those patients with and without pre-existing
pathological conditions. In addition, it can predict increased
risk largely independent of other established risk factors
and the assays utilized are standardized. Various risk-
reducing interventions also reduce CRP, and research is
underway to assess whether specifically targeting CRP may
reduce cardiovascular risk (147). Finally, C-reactive protein
has been shown to serve as a powerful predictor of future
cardiovascular events following acute coronary syndromes,
even when troponins were not yet positive (148).

The prototypic long pentraxin, PTX3, shares
similarities with the classic short pentraxins, but it has an
unrelated long N-terminal domain coupled to the C-
terminal pentraxin domain and differs in gene organization,
cellular source, and ligands recognized. PTX3 is rapidly
produced and released by several cell types, including
mononuclear phagocytes, dendritic cells, fibroblasts, and
endothelial cells, in response to primary inflammatory
signals, i.e. Toll-like receptor engagement, tumor necrosis
factor-a, and interleukin IL-1 beta (149). Recently, the
measurement of pentraxin levels has been performed under
conditions of ischemic heart disorders and it has been
shown that PTX3 may exert a dual role and contrasting
effects on complement activation (150-152). It supports
clearance of microbes, facilitating recognition by
phagocytes (), while it may also protect against unwanted
complement activation in the fluid phase (153, 154). In a
model of acute myocardial infarction following coronary
artery ligation and reperfusion, tissue mRNA expression
and circulating levels of PTX3 increased. PTX3-deficient
mice, however, showed significantly greater heart damage
together with higher circulating levels of IL-6 and
increased C3 deposition in lesional tissue in contrast to
PTX3-wild type animals (155).

There is also evidence linking PTX3 to ischemic
heart disorders in human patients. PTX3 is induced in
vascular smooth muscle cells by atherogenic modified low-
density lipoprotein and is present in human atherosclerotic
lesions (156, 157). In addition, PTX3 levels increase
rapidly after acute myocardial infarction, reaching a peak
within 7 hours after the onset of the event (158). Patients
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with unstable angina and those undergoing stenting also
exhibited high concentrations of plasma PTX3 (159, 160).
In a series of more than 700 patients with ST-elevation
myocardial infarction, PTX3 dosage emerged as an
independent predictor of mortality (151). Thus, PTX3
might be a new prognostic marker for use during ischemic
heart disorders. The evidence for a regulatory role in the
pathogenesis therefore prompts further investigation of the
clinical relevance of PTX3 assessment during various
conditions of heart disease (151, 158-160).

5.2.3. Arginine vasopressin (AVP) and C-terminal
provasopressin (copeptin)

Arginine vasopressin (AVP) or antidiuretic
hormone is a nonapeptide produced in the hypothalamus.
AVP is released from the neurohypophysis to promote
renal water conservation, which contributes to
osmoregulation and cardiovascular homeostasis, and plays
an important role in cardiopulmonary resuscitation (161).
The vasopressin system is activated after acute myocardial
infarction. AVP is derived from a larger precursor peptide,
preprovasopressin along with 2 other peptides, neurophysin
II and copeptin (162, 163). There are concerns about the
validity of measurement of AVP in plasma, because it is
known to be unstable and rapidly cleared (164). Thus,
measurement of AVP has not been widely adopted. Copeptin,
however, is stable for days after blood withdrawal and can be
quickly and easily measured, being secreted in equimolar
amounts to vasopressin (165). In a recent prospective study,
including approximately 1000 post-acute myocardial
infarction patients, the plasma copeptin level was high on
admission and reached a plateau between the 5th and the 7th
day after the event. The biomarker was elevated in patients
who died or were readmitted with heart failure compared with
survivors. Copeptin, au pair than NTproBNP, was an
independent predictor of death or heart failure at 60 days.
Copeptin was able to predict adverse outcome, especially in
those patients with an elevated NTproBNP. In this group of
patients, levels of copeptin above 7 pmol/L were predictive of
poor outcome, thus defining a high-risk group. The
complementary information provided by copeptin to
NTproBNP suggested that the stimuli to the secretion of both
markers are different, and plasma levels are likely to reflect
different aspects of cardiovascular homeostasis. Another
advantage of copeptin is that it peaks during the first day from
the ischemic event compared with the NTproBNP that peaks
by the second day. In addition, no gender difference in
copeptin levels have been reported, in contrast to NTproBNP
(166). Prognostic value of this novel biomarker has been
compared with BNP and NT-proBNP, on death or a composite
cardiovascular endpoint in patients who developed heart
failure after an acute myocardial infarction. Although higher
levels of copeptin, BNP, and NT-proBNP were all
significantly related to both mortality and cardiovascular
events, copeptin was a stronger predictor of mortality
compared with both BNP and NT-proBNP. More specifically,
changes of copeptin levels after the first month from the initial
event, added significant prognostic information (167).

The benefit of measuring both prohormones over
their bioactive peptides includes the lack of receptor
binding or protein interactions and longer half-lives, which
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result in higher plasma levels. The prohormones are also
more stable in blood ex vivo, and this makes them generally
more applicable in clinical practice (165).

5.2.4. Adrenomedullin (ADM)

ADM is a newly discovered 52—amino acid
peptide with structural homology with calcitonin gene—
related peptide (168). Originally isolated from human
pheochromocytoma cells, immunoreactive ADM has been
detected in other tissues, including adrenal medulla, heart,
brain, lung, kidney, and gastrointestinal organs (168, 169).
The limited data available concerning the biologic activity
of ADM suggest that it has powerful direct vasodilator
effects and is able to increase cardiac output and induce
diuresis and natriuresis (170-173). Plasma ADM levels are
typically in the lower picomolar range in normal humans
but are reported to be increased in hypertension, congestive
heart failure, and chronic renal failure in proportion to the
severity of disease (174, 175). In heart failure, plasma
ADM has been shown to be inversely related to left
ventricular ejection fraction and positively associated with
left ventricular end diastolic pressure. Current findings
indicate that ADM, especially in association with plasma
catecholamines, is an indicator of both early and late
myocardial functions after infarction. Nevertheless, the power
of prediction of myocardial outcome of ADM remains inferior
compared to the more sensitive and specific NTproBNP.
Plasma ADM levels in heart failure presumably reflect a
systemic or peripheral response to cardiac impairment and may
be mediated by a variety of mechanisms, including induction
of endothelial production of ADM, elevated levels of
endothelin, or other humoral and neural mechanisms (176).

Adrenomedullin is derived from a larger precursor
peptide proADM (185 amino acids), by post translational
processing. In 264 healthy individuals, pro-ADM was
investigated and it has been observed that it followed a
gaussian distribution with a mean of 0.33 nmol/L, and had the
advantage of no gender differences. Moreover, it significantly
increased in patients with cardiovascular disease, to a mean
value of 0.56 nmol/L (177). In a recent study, the prognostic
impact of another part of the ADM precursor, midregional pro-
adrenomedullin ~ (MR-proADM), was investigated in
approximately 1000 patients after acute myocardial infarction.
MR-proADM has the advantage of being more stable in
circulation and ex vivo. Plasma MR-proADM and NTproBNP
were assessed from 3 to 5 days after onset of chest pain. MR-
proADM increased in patients who died or developed heart
failure in contrast to those who survived, i.e. 1.19 nmol/L vs
0.71 nmol/L. In a multivariate binary logistic model, log MR-
proADM was a significant independent predictor of worse
outcome. MR-proADM also provided further risk stratification
in patients who had NTproBNP levels above the median. MR-
proADM therefore emerged as a clinically powerful predictor
of adverse outcome, to be used in the prognosis after acute
myocardial infarction (178).

5.2.5. Endothelin-1 (ET-1)

Raised circulating concentrations of the
endothelium-derived 21-amino-acid vasoconstrictor peptide
endothelin have been reported during the initial hours
following an acute myocardial ischemic event. ET-1 is
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delivered mainly from the vascular endothelial cells and
acts in an autocrine/or paracrine manner, mediating
vasoconstriction predominantly by binding to its Eta
receptors on the underlying smooth muscle cells (179, 180).
In addition, although sustained elevation of circulating
endothelin is observed in patients with complicated
myocardial infarction, plasma levels decline rapidly in
uncomplicated cases. Furthermore, in chronic heart failure
and in myocardial infarction with heart failure, plasma
endothelin concentrations and pulmonary capillary wedge
pressure correlated closely (181-183). The plasma profile
of endothelin in the acute phase of myocardial infarction
has previously been investigated in several small-scale
studies that demonstrated a rapid increase in plasma
endothelin levels after admission, with a peak occurring
approximately 6 hours after onset of symptoms, followed
by a gradual decline toward normal values in
uncomplicated myocardial infarction. In contrast, in
patients with either persistent hypotension, pulmonary
edema, postinfarction ischemia, or early reinfarction,
sustained elevation of plasma endothelin concentrations
were observed 72 hours after onset of the symptoms. The
main stimulus for and site of endothelin production during
and after acute myocardial infarction remains to be
established. However, a high myocardial content of
endothelin has been observed as long as 48 hours after
reperfusion (184). Interestingly, simultaneous sampling of
blood from different vascular beds in patients with chronic
heart failure revealed no significant differences in plasma
endothelin levels, compatible with a generalized systemic
activation of endothelin production in chronic heart failure.
It is therefore possible that acute ischemia may function as
a trigger for cardiac endothelin production in the early
phase of myocardial infarction, whereas peripheral
hypoperfusion secondary to reduced cardiac output may
represent a stimulus for subsequent persistent systemic
endothelin production. Experimental work also indicated
that catecholamines, angiotensin II, and arginine
vasopressin may stimulate endothelin production (185-
187). Since endothelin possesses potentially harmful
pathophysiological properties and in addition may function
as a marker of the degree of left ventricular dysfunction and
subsequent elevation of filling pressure, persistent high
plasma levels might be associated with a poor prognosis
after an acute myocardial ischemic event.

Recently, plasma endothelin concentrations have
been proved to provide prognostic information
independently of clinical and biochemical variables
previously associated with a poor prognosis following
myocardial infarction. Specifically, plasma endothelin
levels during the subacute phase of myocardial infarction
were related to 1 year mortality in 142 patients. Plasma
endothelin concentrations averaged approximately 5.6
pg/mL in patients with myocardial infarction, in
comparison, to levels in patients admitted to hospital with
acute chest pain without evidence of myocardial necrosis,
which averaged 3.7 pg/mL. Patients who developed clinical
heart failure during the hospitalization phase had
significantly higher plasma endothelin levels than those
who did not present with the pathological condition,
namely 7.2 vs 4.9 pg/mL. In addition, plasma endothelin

382

concentrations levels measured on the 3rd day following
acute myocardial infarction appeared significantly related
to mortality. In patients who died, the mean value of ET-1
was, in fact, 9.2 pg/mL, whereas in those who survived,
ET-1 did not increase over 5.1 pg/mL. Finally, patient age,
previous treatment for systemic hypertension, presence of
clinical heart failure, and plasma atrial natriuretic factor
levels were all related to mortality in univariate analysis but
provided no additional prognostic information to that
obtained from endothelin determination in a multivariate
model (188).

Due to its short plasma half life, the intermediate
clearance due to receptor binding during pulmonary
passage, and its cleavage by endopeptidases, ET-1 dosage
might not be accurate (189). ET-1 is derived from a larger
precursor peptide, pre-proET-1, of 212 amino acids.
Peptides derived in vivo from the ET-1 precursors are more
stable than ET-1 and might not be subjected to rapid
turnover. Recently, C-terminal Endothelin-1 precursor
fragment plasma was shown to follow a gaussian
distribution in healthy individuals, without differences in
men and women and to significantly increase during heart
failure. CT-proET-1 may therefore be a rapid and easy
method for indirectly assessing the release of ET-1 in
critically ill patients (190). In a prospective study which
included 30 patients suffering from acute ST elevation
myocardial infarction or non-ST elevation myocardial
infarction, measurements of CT-pro-endothelin-1 (CT-
proET-1) were performed at admission, and 2 or 3 days and
4 months after acute myocardial infarction. CT-proET-1
was able to differentiate patients with subsequent long-term
clinical events from those without. Specifically after 3 days
from the acute event, patients with CT-proET-1 levels of
more than 57 pmol/L were 6 times more likely to suffer
from a recurrent myocardial clinical event. Elevated CT-
proET-1 during the acute phase of myocardial infarction
may therefore be another novel marker to predict an
adverse long-term clinical event after an acute coronary
syndrome (191).

6. CONCLUSIONS

Outcomes of patients after cardiac arrest or an
acute myocardial ischemic event or infarction have
improved with advances in medical therapy, but heart
failure remains a leading cause of morbidity and mortality
after these conditions have occurred. Clinical features may
be useful for predicting patients who are at risk of
developing such complications, but they lack sensitivity
and specificity. Biomarkers are therefore emerging as
useful tools for predicting prognosis in such patients.
Elevated levels of troponin I, high-sensitivity C-reactive
protein, and B-type natriuretic peptide are associated with
higher rates of death and recurrent ischemic events (192-
194).  These 3  biomarkers assess  different
pathophysiological mechanisms in myocardial ischemia:
elevations in troponin indicate myocardial necrosis and
even minor elevations convey prognostic information
beyond that obtained from measuring CK-MB; CRP is a
marker of inflammation, that is now recognized as a central
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determinant for ischemic complications; and BNP is
elevated in response to left ventricular overload (195-197).

A variety of new biomarkers, i.e. NTproBNP,
MTregBNP, AVP, ADM, and ET-1, as well as others, such
as pro- (soluble CD40 ligand, placental growth factor,
interleukin-1 and 6, TNF-alpha, myeloperoxidase,
monocyte  chemoattractant  protein-1) and  anti-
inflammatory markers (interleukin-10, activin A) have been
suggested to provide relevant prognostic information in
patients with acute coronary syndrome. However, the
clinical utility of these novel markers has not been
established to date (198).

Accordingly, it is apparent that each biomarker
yields important information, but the “perfect” biomarker,
able to provide diagnosis and prognosis with high
sensitivity and specificity does not exist. A multi-marker
strategy that categorizes patients based on the number of
clevated biomarkers at presentation, therefore allows risk
stratification over a broad range of short- and long-term
major cardiac events (131).

7. ACKNOWLEDGEMENT

All the authors have directly contributed in
reviewing the scientific literature, collecting and analyzing
data and writing the manuscript.

8. REFERENCES

1. International Liaison Committee on Resuscitation: Part
2: Adult basic life support. Resuscitation 67, 187-201
(2005)

2. Schenenberger RA, von Planta M, von Planta I: Survival
after failed out of hospital resuscitation. Are further
therapeutic efforts in the emergency department futile?
Arch Intern Med 154, 2433-2437 (1994)

3. Brown CG, Martin DR, Pepe PE, Stueven H, Cummins
RO, Gonzalez E, Jastremski M: Comparison of standard-
dose and high-dose epinephrine in cardiac arrest outside the
hospital. The Multicenter High-Dose Epinephrine Study
Group. N Engl J Med 327, 1051-1055 (1992)

4. Stiell IG, Hebert PC, Weitzman BN, Wells GA, Raman
S, Stark RM, Higginson LA, Ahuja J, Dickinson GE: High-
dose epinephrine in adult cardiac arrest. N Engl J Med 327,
1045-1050 (1992)

5. Tang W, Weil MH, Sun S, Gazmuri RJ, Bisera J:
Progressive myocardial  dysfunction after cardiac
resuscitation. Crit Care Med 21, 1046-1050 (1993)

6. James SK, Lindahl B, Siegbahn A, Stridsberg M, Venge
P, Armstrong P, Barnathan ES, Califf R, Topol EJ,
Simoons ML, Wallentin L: N-terminal pro-brain natriuretic
peptide and other risk markers for the separate prediction of
mortality and subsequent myocardial infarction in patients
with unstable coronary artery disease: a Global Utilization

383

of Strategies To Open occluded arteries (GUSTO)-IV
substudy. Circulation 108, 275-281 (2003)

7. Mair J: Biomarkers in cardiology-state of the art 2007.
Wien Med Wochenschr 157, 48-56 (2007)

8. Bolli Roberto: Oxygen-derived free radicals and
postischemic myocardial dysfunction (‘stunned
myocardium’). J Am Coll Cardiol 1,239-249 (1988)

9. Pellis T, Weil MH, Tang W, Sun S, Xie J, Song L,
Checchia P: Evidence favoring the use of an alpha2-
selective  vasopressor agent for cardiopulmonary
resuscitation. Circulation 108, 2716-2721 (2003)

10. Xie J, Weil MH, Sun S, Tang W, Sato Y, Jin X, Bisera
J: High-energy defibrillation increases the severity of
postresuscitation myocardial dysfunction. Circulation 96,
683-688 (1997)

11. Tang W, Weil MH, Sun S, Noc M, Yang L, Gazmuri
RJ: Epinephrine increases the severity of postresuscitation
myocardial dysfunction. Circulation 92, 3089-3093 (1995)

12. Xu T, Tang W, Ristagno G, Wang H, Sun S, Weil MH:
Postresuscitation myocardial diastolic dysfunction following
prolonged ventricular fibrillation and cardiopulmonary
resuscitation. Crit Care Med 36, 188-192 (2008)

13. Xu T, Tang W, Ristagno G, Sun S, Weil MH: Myocardial
performance index following electrically induced or

ischemically induced cardiac arrest. Resuscitation 76, 103-107
(2008)

14. Kern KB, Rhee KH, Raya TE, Berg RA, Hilwig RW,
Sanders AB, Otto CW, Ewy GA: Global myocardial stunning
following successful resuscitation from cardiac arrest.
Circulation 90, 1-5 (1994)

15. Tijima T, Bauer R, Hossmann KA: Brain resuscitation by
extracorporeal circulation after prolonged cardiac arrest in cats.
Intensive Care Med 19, 82-88 (1993)

16. Radovsky A, Safar P, Sterz F, Leonov Y, Reich H,
Kuboyama K: Regional prevalence and distribution of
ischemic neurons in dog brains 96 hours after cardiac arrest of
0 to 20 minutes. Stroke 26, 2127-2133 (1995)

17. Ouyang YB, Tan Y, Comb M, Liu CL, Martone ME,
Siesjo BK, Hu BR: Survival- and death-promoting events after
transient cerebral ischemia: phosphorylation of Akt, release of
cytochrome C and Activation of caspase-like proteases. J
Cereb Blood Flow Metab 19, 1126-1135 (1999)

18. Popp E, Vogel P, Teschendorf P, Bottiger BW: Effects of
the application of erythropoietin on cerebral recovery after
cardiac arrest in rats. Resuscitation 74, 344-351 (2007)

19. Hossmann KA: Ischemia-mediated neuronal injury.
Resuscitation 26, 225-235 (1993)



Biomarkers for myocardial injury

20. Yurkova N, Shaw J, Blackie K, Weidman D, Jayas R,
Flynn B, Kirshenbaum LA: The cell cycle factor E2F-1
activates Bnip3 and the intrinsic death pathway in
ventricular myocytes. Circ Res 102, 472-479 (2008)

21. Di Lisa F, Kaludercic N, Carpi A, Menabo R, Giorgio
M: Mitochondria and vascular pathology. Pharmacol Rep
61, 123-130 (2009)

22. Lee Y, Gustafsson AB: Role of apoptosis in
cardiovascular disease. Apoptosis 14, 536-548 (2009)

23. Townsend PA, Scarabelli TM, Pasini E, Gitti G,
Menegazzi M, Suzuki H, Knight RA, Latchman DS,
Stephanou A: Epigallocatechin-3-gallate inhibits STAT-1
activation and protects cardiac myocytes from
ischemia/reperfusion-induced apoptosis. FASEB J 18,
1621-1623 (2004)

24. Jain M, Pfister O, Hajjar RJ, Liao R: Mesenchymal
stem cells in the infarcted heart. Coronary Art Dis 16, 93-
97 (2005)

25. Beltrami AP, Urbanek K, Kajstura J, Yan SM, Finato
N, Bussani R, Nadal-Ginard B, Silvestri F, Leri A, Beltrami
CA, Anversa P: Evidence that human cardiac myocytes
divided after myocardial infarction. N Engl J Med 344,
1750-1757 (2001)

26. Entman ML, Smith CW: Postreperfusion inflammation:
a model for with the use of specific anti-inflammatory
strategies. Cardiovasc Res 9, 1301-1311 (1994)

27. Frangogiannis NG, Youker KA, Rossen RD,
Gwechenberger M, Lindsey MH, Mendoza LH, Michael
LH, Ballantyne CM, Smith CW, Entman ML. Cytokines
and the microcirculation in ischemia and reperfusion. J Mol
Cell Cardiol 30, 2567-2576 (1998)

28. Frangogiannis NG, Smith CW, Entman ML: The
inflammatory  response in myocardial infarction.
Cardiovasc Research 53, 31-47 (2002)

29. Vakeva AP, Agah A, Rollins SA, Matis LA, Li L, Stahl
GL: Myocardial infarction and apoptosis after myocardial
ischemia and reperfusion: role of the terminal complement
components and inhibition by anti-C5 therapy. Circulation
22,2259-2267 (1998)

30. Yasojima K, Kilgore KS, Washington RA, Lucchesi
BR, McGeer PL: Complement gene expression by rabbit
heart: upregulation by ischemia and reperfusion. Circ Res
11, 1224-1230 (1998)

31. Granger DN: Role of xanthine oxidase and
granulocytes in ischemia—reperfusion injury. Am J Physiol
6, H1269-H1275 (1988)

32. Irwin MW, Mak S, Mann DL, Qu R, Penninger JM,
Yan A, Dawood F, Wen WH, Shou Z, Liu P: Tissue
expression and immunolocalization of tumor necrosis

384

factor-alpha in postinfarction dysfunctional myocardium.
Circulation 11, 1492—1498 (1999)

33. Tsao PS, Aoki N, Lefer DJ, Johnson G, Lefer AM:
Time course of endothelial dysfunction and myocardial
injury during myocardial ischemia and reperfusion in the
cat. Circulation 82, 1402-1412 (1990)

34. Ma XL, Weyrich AS, Lefer DJ, Lefer AM: Diminished
basal nitric oxide release after myocardial ischemia and
reperfusion promotes neutrophil adherence to coronary
endothelium. Circ Res 72, 403-412 (1993)

35. Adams DH, Shaw S: Leukocyte—endothelial
interactions and regulation of leukocyte migration. Lancet
343, 831-836 (1994)

36. Ebnet K,Vestweber D: Molecular mechanisms that
control leukocyte extravasation: the selectins and the
chemokines. Histochem Cell Biol 1, 1-23 (1999)

37. Jaeschke H, Smith CW: Mechanisms of neutrophil-
induced parenchymal cell injury. J Leukoc Biol 6, 647-653
(1997)

38. Granger DN: Cell adhesion and migration. II.
Leukocyte—endothelial cell adhesion in the digestive
system. Am J Physiol 273, G982-G986 (1977)

39. Iraqi W, Rossignol P, Angioi M, Fay R, Nuée J,
Ketelslegers JM, Vincent J, Pitt B, Zannad F: Extracellular
cardiac matrix biomarkers in patients with acute
myocardial infarction complicated by left ventricular
dysfunction and heart failure: insights from the Eplerenone
Post-Acute Myocardial Infarction Heart Failure Efficacy
and Survival Study (EPHESUS) study. Circulation 119,
2471-2479 (2009)

40. Trial J, Baughn RE, Wygant JN, McIntyre BW, Birdsall
HH, Youker KA, Evans A, Entman ML, Rossen RD:
Fibronectin  fragments modulate monocyte VLA-5

expression and monocyte migration. J Clin Invest 104, 419-
430 (1999)

41. Birdsall HH, Green DM, Trial J, Youker KA, Burns
AR, MacKay CR, LaRosa GJ, Hawkins HK, Smith CW,
Michael LH, Entman ML, Rossen RD: Complement C5a,
TGF-beta 1, and MCP-1, in sequence, induce migration of
monocytes into ischemic canine myocardium within the

first one to five hours after reperfusion. Circulation 3, 684—
692 (1997)

42. Kumar AG, Ballantyne CM, Michael LH, Kukielka GL,
Youker KA, Lindsey ML, Hawkins HK, Birdsall HH,
MacKay CR, LaRosa GJ, Rossen RD, Smith CW, Entman
ML: Induction of monocyte chemoattractant protein-1 in
the small veins of the ischemic and reperfused canine
myocardium. Circulation 3, 693-700 (1997)

43. Weihrauch D, Arras M, Zimmermann R, Schaper J:
Importance of monocytes/macrophages and fibroblasts for



Biomarkers for myocardial injury

healing of micronecroses in porcine myocardium. Mol Cell
Biochem 1-2, 13—19 (1995)

44. Frangogiannis NG, Mendoza LH, Lindsey ML,
Ballantyne CM, Michael LH, Smith CW, Entman ML: IL-
10 is induced in the reperfused myocardium and may
modulate the reaction to injury. J Immunol 5, 2798-2808
(2000)

45. Matsumori A, Furukawa Y, Hashimoto T, Yoshida A,
Ono K, Shioi T, Okada M, Iwasaki A, Nishio R,
Matsushima K, Sasayama S: Plasma levels of the monocyte
chemotactic and activating factor/monocyte
chemoattractant protein-1 are elevated in patients with
acute myocardial infarction. J Mol Cell Cardiol 29, 419-
423 (1997)

46. Ono K, Matsumori A, Furukawa Y, Igata H, Shioi T,
Matsushima K, Sasayama S: Prevention of myocardial
reperfusion injury in rats by an antibody against monocyte
chemotactic and activating factor/monocyte
chemoattractant protein-1. Lab Invest 79, 195-203 (1999)

47. Akira S, Takeda K, Kaisho T: Toll-like receptors:
critical proteins linking innate and acquired immunity. Nat
Immunol 2, 675-680 (2001)

48. Foldes G, von Haehling S, Jankowska EA, Anker SD:
Targeting the Toll-system in cardiovascular sciences.
Recent Pat Inflamm Allergy Drug Discov 1, 57-67 (2007)

49. Arumugam TV, Okun E, Tang SC, Thundyil J, Taylor
SM, Woodruff TM: Toll-Like Receptors in Ischemia-
Reperfusion Injury. Shock 32, 4-16 (2009)

50. Schnare M, Holt AC, Takeda K, Akira S, Medzhitov R:
Recognition of CpG DNA is mediated by signaling
pathways dependent on the adaptor protein MyDS88. Curr
Biol 10, 1139-1142 (2000)

51. Hacker H, Vabulas RM, Takeuchi O, Hoshino K, Akira
S, Wagner H: Immune cell activation by bacterial CpG-
DNA through myeloid differentiation marker 88 and tumor
necrosis factor receptor-associated factor (TRAF) 6. J Exp
Med 192, 595-600 (2000)

52. Frantz S, Kobzik L, Kim YD, Fukazawa R, Medzhitov
R, Lee RT, Kelly RA: Toll4 (TLR4) expression in cardiac
myocytes in normal and failing myocardium. J Clin Invest
104, 271-280 (1999)

53. Faure E, Equils O, Sieling PA, Thomas L, Zhang FX,
Kirschning CJ, Polentarutti N, Muzio M, Arditi M:
Bacterial lipopolysaccharide activates NF-kB through toll-
like receptor 4 (TLR-4) in cultured human dermal
endothelial cells. Differential expression of TLR-4 and
TLR-2 in endothelial cells. J Biol Chem 275, 11058-11063
(2000)

54. Vink A, Schoneveld AH, van der Meer JJ, van
Middelaar BJ, Sluijter JPG, Smeets MB, Quax PHA, Lim
SK, Borst C, Pasterkamp G, de Kleijn DPV: In vivo

385

evidence for a role of toll-like receptor 4 in the
development of intimal lesions. Circulation 106, 1985-
1990 (2002)

55. Hoshino K, Kaisho T, Iwabe T, Takeuchi O, Akira S:
Differential involvement of IFN-B in Toll-like receptor-
stimulated endritic cell activation. Int Immunol 14, 1225-
1231 (2002)

56. Zarember KA, Godowski PJ: Tissue expression of
human Toll-like receptors and differential regulation of
Toll-like receptor mRNAs in leukocytes in response to
microbes, their products, and cytokines. J Immunol 168,
554-561 (2002)

57. Baumgarten G, Knuefermann P, Nozaki N,
Sivasubramanian N, Mann DL, Vallejo JG: In vivo
expression of proinflammatory mediators in the adult heart
after endotoxin administration: the role of toll-like
receptor-4. J Infect Dis 183, 1617-1624 (2001)

58. Nemoto S, Vallejo JG, Knuefermann P, Misra A,
Defreitas G, Carabello BA, Mann DL: Escherichia coli
LPS-induced LV dysfunction: role of toll-like receptor-4
in the adult heart. Am J Physiol Heart Circ Physiol 282,
H2316-H2323 (2000)

59. Oyama J, Blais C, Liu X, Pu M, Kobzik L, Kelly
RA, Bourcier T: Reduced Myocardial Ischemia-
Reperfusion Injury in Toll-Like Receptor 4-Deficient
Mice. Circulation 109, 784-789 (2004)

60. Shishido T, Nozaki N, Yamaguchi S, Shibata Y,
Nitobe J, Miyamoto T, Takahashi H, Arimoto T, Maeda
K, Yamakawa M, Takeuchi O, Akira S, Takeishi Y,
Kubota I: Toll-like receptor-2 modulates ventricular
remodeling after myocardial infarction. Circulation 108,
2905-2910 (2003)

61. Nozaki N, Shishido T, Takeishi Y, Kubota I:
Modulation of doxorubicin-induced cardiac dysfunction
in toll-like receptor-2-knockout mice. Circulation 110,
2869-2874 (2004)

62. Adrie C, Laurent I, Monchi M, Cariou A, Dhainaou
JF, Spaulding C: Postresuscitation disease after cardiac
arrest: a sepsis-like syndrome? Curr Opin Crit Care 10,
208-212 (2004)

63. Gaszynski W: Research work on blood clotting
system during cardiopulmonary resuscitation. Anaesth
Resus Inten Therapy 2, 303-316 (1974)

64. Gaszynski W: The use of protease inhibitor
(Trasylol) and heparin in cardiorespiratory resuscitation,
part I: studies of the blood clotting system. Anaesth
Resus Inten Therapy 3, 125-134 (1975)

65. Latour JG, McKay DG, Parrish MH: Activation of
Hageman factor by cardiac arrest. Thromb Diathes
Haemorrh 3, 543-553 (1972)



Biomarkers for myocardial injury

66. Gando S, Kameue T, Nanzaki S, Nakanishi Y: Massive
fibrin formation with consecutive impairment of
fibrinolysis in patients with out-of-hospital cardiac arrest.
Thromb Haemost 77, 278-282 (1997)

67. Bottinger BW, Motsch J, Bohrer H, Boker T, Aulmann
M, Nawroth PP, Martin E: Activation of blood coagulation
after cardiac arrest is not balanced adequately by activation
of endogenous fibrinolysis. Circulation 92, 2572-2578
(1995)

68. Gando S, Kameue T, Nanzaki S, Igarashi M, Nakanishi
Y: Platelet activation with massive formation of
thromboxane A2 during and after cardiopulmonary
resuscitation. Intensive Care Med 23, 71-76 (1997)

69. Geppert A, Zom G, Karth GD, Haumer M,
Gwechenberger M, Koller-Strametz J, Heinz G, Huber K,
Siostrzonek P: Soluble selectins and the systemic
inflammatory  response syndrome after successful
cardiopulmonary resuscitation. Crit Care Med 28, 2360—
2365 (2000)

70. Fries M, Stoppe C, Briicken D, Rossaint R, Kuhlen R:
Influence of mild therapeutic hypothermia on the
inflammatory response after successful resuscitation from
cardiac arrest. J Crit Care Feb 12 [Epub ahead of print]
(2009)

71. Adrie C, Adib-Conquy M, Laurent I, Monchi M,
Vinsonneau C, Fitting C, Fraisse F, Dinh-Xuan AT, Carli
P, Spaulding C, Dhainaut JF, Cavaillon JM. Successful
cardiopulmonary resuscitation after cardiac arrest as a
"sepsis-like" syndrome. Circulation 106, 562-568 (2002)

72. Tziakas DN Chalikias GK, Kaski JC, Kekes A,
Hatzinikolaou EI, Stakos DA, Tentes IK, Kortsaris AX,
Hatseras DI: Inflammatory and anti-inflammatory variable
clusters and risk prediction in acute coronary syndrome
patients: a factor analysis approach. Atherosclerosis 193,
196-203 (2007)

73. Hoffmann JA, Kafatos FC, Janeway CA, Ezekowitz
RA: Phylogenetic prospectives in innate immunity. Science
284, 1313-1318 (1999)

74. Anker SD, von Haeling S: Inflammatory mediators in
chronic heart failure: an overview. Heart 90, 464-470
(2004)

75. Knuefermann P, Vallejo J, Mann DL: The role of innate
immune responses in the heart in health and disease. Trends
Cardiovasc Med 14, 1-7 (2004)

76. Ren G, Dewald O, Frangogiannis NG: Inflammatory
mechanisms in myocardial infarction. Curr Drug Targets
Inflamm Allergy 2, 242-256 (2003)

77. Johnson BA, Weil MH, Tang W, Noc M, McKee D,
McCandless D: Mechanisms of myocardial hypercarbic
acidosis during cardiac arrest. J Appl Physiol 78, 1579-
1584 (1995)

386

78. Kern KB, Garewal HS, Sanders AB, Janas W, Nelson J,
Sloan D, Tacker WA, Ewy GA: Depletion of myocardial
adenosine triphosphate during prolonged untreated
ventricular fibrillation: effect on defibrillation success.
Resuscitation 20, 221-229 (1990)

79. Steen S, Liao Q, Pierre L, Paskevicius A, Sjoberg T:
The critical importance of minimal delay between chest
compressions and  subsequent  defibrillation: a
haemodynamic explanation. Resuscitation 58, 249-258
(2003)

80. Klouche K, Weil MH, Sun S, Tang W, Kamohara T:
Echo-Doppler observations during cardiac arrest and
cardiopulmonary resuscitation. Crit Care Med 28, N212-
N213 (2000)

81. Klouche K, Weil MH, Sun S, Tang W, Povoas HP,
Kamohara T, Bisera J: Evolution of the Stone Heart After
Prolonged Cardiac Arrest. Chest 122, 1006-1011 (2002)

82. Deshmukh HG, Weil MH, Gudipati CV, Trevino RP,
Bisera J, Rackow EC: Mechanism of blood flow generated
by precordial compression during CPR, I: studies on closed
chest precordial compression. Chest 95, 1092-1099 (1989)

83. Chen PS, Wu TJ, Ting CT, Karagueuzian HS, Garfinkel
A, Lin SF, Weiss JN: A Tale of Two Fibrillations.
Circulation 108, 2298-2303 (2003)

84. Sanders AB, Ogle M, Ewy GA: Coronary perfusion
pressure during cardiopulmonary resuscitation. Am J
Emerg Med 2, 11-14 (1985)

85. Paradis NA, Martin GB, Rosenberg J, Goetting MG,
Appleton TJ, Feingold M, Nowak RM: Coronary perfusion
pressure and the return of spontaneous circulation in human
cardiopulmonary resuscitation. JAMA 263, 1106-1113
(1990)

86. Weil MH, Bisera J, Trevino RP, Rackow EC: Cardiac
output and end-tidal carbon dioxide. Crit Care Med 13,
907-909 (1985)

87. Falk JL, Rackow EC, Weil MH: End-tidal carbon
dioxide concentration during cardiopulmonary
resuscitation. N Engl J Med 318, 607-611 (1988)

88. Niemann JT, Criley JM, Rosborough JP, Niskanen RA,
Alferness C: Predictive indices of successful cardiac
resuscitation after prolonged arrest and experimental
cardiopulmonary resuscitation. Ann Emerg Med 14, 521—
528 (1985)

89. Ristagno G, Tang W, Chang YT, Jorgenson DB,
Russell JK, Huang L, Wang T, Sun S, Weil MH. The
quality of chest compressions during cardiopulmonary
resuscitation overrides importance of timing of
defibrillation. Chest 132, 70-75 (2007)

90. Grmec S, Klemen P: Does the end-tidal carbon dioxide
(EtCO2) concentration have prognostic value during out-of



Biomarkers for myocardial injury

hospital cardiac arrest? Eur J Emerg Med 8, 263-269
(2001)

91. Cantineau JP, Lambert Y, Merckx P, Reynaud P, Porte
F, Bertrand C, Duvaldestin P: End-tidal carbon dioxide
during cardiopulmonary resuscitation in humans presenting
mostly with asystole: a predictor of outcome. Crit Care
Med 24, 791-796 (1996)

92. Weaver MD, Cobb LA, Dennis D, Ray R, Hallstrom
AP, Copass MK: Amplitude of ventricular fibrillation
waveform and outcome after cardiac arrest. Ann Intern Med
102, 53-55 (1985)

93. Brown CG, Griffith RF, Van Ligten P, Hoekstra J,
Nejman G, Mitchell L, Dzwonczyk R: Median frequency: a
new parameter for predicting defibrillation success rate.
Ann Emerg Med 20, 787-789 (1991)

94. Povoas HP, Weil MH, Tang W, Bisera J, Klouche K,
Barbatsis A: Predicting the success of defibrillation by

electrocardiographic analysis. Resuscitation 53, 77-82
(2002)

95. Pernat AM, Weil MH, Tang W, Pernat A, Bisera J:
Optimizing timing of ventricular defibrillation. Crit Care
Med 29, 2360-2365 (2001)

96. Li Y, Ristagno G, Bisera J, Tang W, Deng Q,Weil MH:
ECG Waveforms for Monitoring Effectiveness of Chest
Compression during CPR. Crit Care Med 36, 211-215
(2008)

97. Young C, Bisera J, Gehman S, Snyder D, Tang W,
Weil MH: Amplitude spectrum area: measuring the
probability of successful defibrillation as applied to human
data. Crit Care Med 32, S356-S358 (2004)

98. Ristagno G, Gullo A, Berlot G, Lucangelo U, Geheb F,
Bisera J: Electrocardiographic analysis for prediction of
successful defibrillation in human victims of out of hospital
cardiac arrest. Anaesth Intensive Care 36, 46-50 (2008)

99. Donnelly R, Millar-Craig MW: Cardiac troponins: IT
upgrade for the heart. Lancet 351, 537-539 (1998)

100. Antman EM, Tanasijevic MJ, Thompson B,
Schactman M, McCabe CH, Cannon CP, Fischer GA, Fung
AY, Thompson C, Wybenga D, Braunwald E: Cardiac-
specific troponin I levels to predict the risk of mortality in
patients with acute coronary syndromes. N Engl J Med 335,
1342-1349 (1996)

101. Apple FS, Wu AH, Mair J, Ravkilde J, Panteghini M,
Tate J, Pagani F, Christenson RH, Mockel M, Danne O,
Jaffe AS; Committee on Standardization of Markers of
Cardiac Damage of the IFCC: Future biomarkers for
detection of ischemia and risk stratification in acute
coronary syndrome. Clin Chem 51, 810-824 (2005)

102. Aviles RJ, Askari AT, Lindahl B, Wallentin L, Jia G,
Ohman EM, Mahaffey KW, Newby LK, Califf RM,

387

Simoons ML, Topol EJ, Berger P, Lauer MS: Troponin T
levels in patients with acute coronary syndromes, with or
without renal dysfunction. N Engl J Med 346, 2047-2052
(2002)

103. Lindahl B, Toss H, Siegbahn A, Venge P, Wallentin
L; for the FRISC Study Group: Markers of myocardial
damage and inflammation in relation to long-term mortality
in unstable coronary artery disease. N Engl J Med 343,
1139 —1147 (2000)

104. Setsuta K, Seino Y, Takahashi N, Ogawa T, Sasaki K,
Harada A, Takano T, Kishida H, Hayakawa H. Clinical
significance of elevated levels of cardiac troponin T in
patients with chronic heart failure. Am J Cardiol 84, 608—
611 (1999)

105. Ishii J, Nomura M, Nakamura Y, Naruse H, Mori Y,
Ishikawa T, Ando T, Kurokawa H, Kondo T, Nagamura Y,
Ezaki K, Hishida H: Risk stratification using a combination
of cardiac troponin T and brain natriuretic peptide in
patients hospitalized for worsening chronic heart failure.
Am J Cardiol 89, 691— 695 (2002)

106. Sato Y, Yamada T, Taniguchi R, Nagai K, Makiyama
T, Okada H, Kataoka K, Ito H, Matsumori A, Sasayama S,
Takatsu Y: Persistently increased serum concentrations of
cardiac troponin T in patients with idiopathic dilated
cardiomyopathy are predictive of adverse outcomes.
Circulation 103, 369 —374 (2001)

107. Williams EJ, Jones CJ, McDowell IF, Tovey JA,
Thomas MA, Wayte AM, Brown N, Jenkins GH, Oleesky
DA; All Wales Clinical Biochemistry Audit Group:
Recommended standards for biochemical markers of
myocardial damage: All Wales Clinical Biochemistry Audit
Group. Ann Clin Biochem 42, 346-350 (2005)

108. Katus HA, Remppis A, Neumann FJ, Scheffold T,
Diederich KW, Vinar G, Noe A, Matern G, Kuebler W:
Diagnostic efficiency of troponin T measurements in acute
myocardial infarction. Circulation 83, 902-912 (1991)

109. Katus HA, Looser S, Hallermeyer K, Remppis A,
Scheffold T, Borgya A, Essig U, Geuss U: Development
and in vitro characterization of a new immunoassay of
cardiac troponin T. Clin Chem 38, 386-393 (1992)

110. Mair J, Artner-Dworzak A, Lechleitner P, Smidt J,
Wagner I, Dienstl F, Puschendorf B: Cardiac troponin T in
diagnosis of acute myocardial infarction. Clin Chem 37,
845-852 (1991)

111. Latini R, Masson S, Anand S, Missov E, Carlson M,
Vago T, Angelici L, Barlera S, Parrinello G, Maggioni AP,
Tognoni G, Cohn JN; Val-HeFT Investigators: Prognostic
Value of Very Low Plasma Concentrations of Troponin T
in Patients With Stable Chronic Heart Failure. Circulation
116, 1242-1249 (2007)

112. Olivetti G, Abbi R, Quaini F, Kajstura J, Cheng W,
Nitahara JA, Quaini E, Di Loreto C, Beltrami CA,



Biomarkers for myocardial injury

Krajewski S, Reed JC, Anversa P: Apoptosis in the failing
human heart. N Engl J Med 336, 1131-1141 (1997)

113. Narula J, Pandey P, Arbustini E, Haider N, Narula N,
Kolodgie FD, Dal Bello B, Semigran MJ, Bielsa-Masdeu
A, Dec GW, Israels S, Ballester M, Virmani R, Saxena S,
Kharbanda S: Apoptosis in heart failure: release of
cytochrome ¢ from mitochondria and activation of caspase-
3 in human cardiomyopathy. Proc Natl Acad Sci U S A. 96,
8144-8149 (1999)

114. Sobel BE, LeWinter MM: Ingenuous interpretation of
elevated blood levels of macromolecular markers of
myocardial injury: a recipe for confusion. J Am Coll
Cardiol 35, 1355-1358 (2000)

115. Kanderian AS, Francis GS: Cardiac troponins and
chronic kidney disease. Kidney Int 69, 1112—1114 (2006)

116. Hamm CW, Ravkilde J, Gerhardt W, Jorgensen P.
Peheim E, Ljungdahl L, Goldman B, Katus HA: The
prognostic value of serum troponin T in unstable angina. N
Engl J Med 327, 146-150 (1992)

117. Bucher EA, Maisonpierre PC, Konieczny SF,
Emerson CP: Expression of the troponin complex genes:
transcriptional coactivation during myoblast differentiation
and independent control in heart and skeletal muscles. Mol
Cell Biol 8, 4134-4142 (1988)

118. Saggin L, Gorza L, Ausoni S, Schiaffino S: Cardiac
troponin T in developing, regenerating, and denervated rat
skeletal muscle. Development 110, 547-554 (1990)

119. Bodor GS, Porter S, Landt Y, Ladenson JH: The
development of monoclonal antibodies and an assay for
cardiac troponin-I with preliminary results in suspected
myocardial infarction. Clin Chem 11, 2203-2214 (1992)

120. Adams JE, Bodor GS, Davila-Roman VG, Delmez JA,
Apple FS, Ladenson JH, Jaffe AS. Cardiac troponin 1. A
marker with high specificity for cardiac injury. Circulation
88, 101-106 (1993)

121. Varat MA, Mercer DW. Cardiac specific creatine
phosphokinase isoenzyme in the diagnosis of acute
myocardial infarction. Circulation 51, 855-859 (1975)

122. Guzy PM: Creatine phosphokinase-MB (CPK-MB)
and the diagnosis of myocardial infarction. West J Med
127, 455-460 (1977)

123. Jaffe AS, Ravkilde J, Roberts R, Naslund U, Apple
FS, Galvani M, et al. It’s time for a change to a troponin
standard. Circulation 102, 1216-1220 (2000)

124. Gibler WB, Lewis LM, Erb RE, Makens PK, Kaplan
BC, Vaughn RH, Biagini AV, Blanton JD, Campbell WB:
Early detection of acute myocardial infarction in patients
presenting with chest pain and nondiagnostic ECGs: serial
CK-MB sampling in the emergency department. Ann
Emerg Med 19, 1359-1366 (1990)

388

125. Fesmire FM, Christenson RH, Fody EP, Feintuch TA:
Delta creatine kinase-MB outperforms myoglobin at two
hours during the emergency department identification and
exclusion of troponin positive non-ST-segment elevation
acute coronary syndromes. Ann Emerg Med 44, 12-19
(2004)

126. Penttild K, Koukkunen H, Halinen M, Rantanen T,
Pyordld K, Punnonen K, Penttild I: Myoglobin, creatine
kinase MB isoforms and creatine kinase MB mass in early
diagnosis of myocardial infarction in patients with acute
chest pain. Clin Biochem 35, 647-653 (2002)

127. Chia S, Senatore F, Raffel OC, Lee H, Wackers FJ,
Jang IK: Utility of cardiac biomarkers in predicting infarct
size, left ventricular function, and clinical outcome after
primary percutaneous coronary intervention for ST-
segment elevation myocardial infarction. JACC Cardiovasc
Interv 1, 415-423 (2008)

128. Wang JG, Kong DQ, Huang Y, Huang JY, Zhang ZL,
Wu WC, Pan XW: Identification and diagnosis of
myocardial damage and acute myocardial infarction during
cardiopulmonary resuscitation. Zhongguo Wei Zhong Bing
Ji Jiu Yi Xue 21, 333-336 (2009)

129. Omland T, Persson A, Ng L, O’Brien R, Karlsson
T, Herlitz J, Hartford M, Caidahl K: N-terminal pro-B-
type natriuretic peptide and long-term mortality in acute
coronary syndromes. Circulation.106, 2913-2918
(2002)

130. Maisel A, Mueller C, Adams K Jr, Anker SD,
Aspromonte N, Cleland JG, Cohen-Solal A, Dahlstrom
U, DeMaria A, Di Somma S, Filippatos GS, Fonarow
GC, Jourdain P, Komajda M, Liu PP, McDonagh T,
McDonald K, Mebazaa A, Nieminen MS, Peacock WF,
Tubaro M, Valle R, Vanderhyden M, Yancy CW,
Zannad F, Braunwald E: State of the art: using
natriuretic peptide levels in clinical practice. Eur J
Heart Fail 10, 824-839 (2008)

131. Sabatine MS, Morrow DA, de Lemos JA, Gibson
CM, Murphy SA, Rifai N, McCabe C, Antman EM,
Cannon CP, Braunwald E: 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 105, 1760-1763 (2002)

132. Omland T, Aakvaag A, Bonarjee VV, Caidahl K,
Lie RT, Nilsen DW, Sundsfjord JA, Dickstein K:
Plasma brain natriuretic peptide as an indicator of left
ventricular systolic function and long-term survival after
acute myocardial infarction. Circulation 93, 1963—1969
(1996)

133. Richards AM, Nicholls MG, Yandle TG, Frampton
C, Espiner EA, Turner JG, Buttimore RC, Lainchbury
JG, Elliott JM, Tkram H, Crozier IG, Smyth DW: Plasma
N-terminal  pro-brain  natriuretic  peptide  and
adrenomedullin: new neurohormonal predictors of left



Biomarkers for myocardial injury

ventricular function and prognosis after myocardial
infarction. Circulation 97, 1921-1929 (1998)

134. Omland T, de Lemos JA, Morrow DA, Antman EM,
Cannon CP, Hall C, Braunwald E: Prognostic value of N-
terminal pro-atrial and pro-brain natriuretic peptide in
patients with acute coronary syndromes. Am J Cardiol 89,
463-465 (2002)

135. Khan SQ, Dhillon O, Kelly D, Squire IB, Struck J,
Quinn P, Morgenthaler NG, Bergmann A, Davies JE, Ng
LL: Plasma N-terminal B-Type natriuretic peptide as an
indicator of long-term survival after acute myocardial
infarction: comparison with plasma midregional pro-atrial
natriuretic peptide: the LAMP (Leicester Acute Myocardial
Infarction Peptide) study. J Am Coll Cardiol 51, 1857-1864
(2008)

136. Gegenhuber A, Struck J, Poelz W, Pacher R,
Morgenthaler NG, Bergmann A, Haltmayer M, Mueller
T: Midregional pro-a-type natriuretic peptide
measurements for diagnosis of acute destabilized heart
failure in short-of-breath patients: comparison with b-
type natriuretic peptide (BNP) and amino-terminal
proBNP. Clin Chem 52, 827-831 (2006)

137. Pepys MB, Hirschfield GM: C-reactive protein: a
critical update. J Clin Invest 111, 1805-1812 (2003)

138. Baumann H, Gauldie J: The acute phase response.
Immunol Today 15, 74-80 (1994)

139. Garlanda C, Bottazzi B, Bastone A, Mantovani A:
Pentraxins at the crossroads between innate immunity,
inflammation, matrix deposition, and female fertility.
Annu Rev Immunol 23, 337-366 (2005)

140. Agrawal A: CRP after 2004. Mol Immunol 42, 927—
930 (2005)

141. Haim M, Benderly M, Tanne D, Matas Z, Boyko V,
Fisman EZ, Tenenbaum A, Zimmlichman R, Battler A,
Goldbourt U, Behar S: C-reactive protein, bezafibrate,
and recurrent coronary events in patients with chronic
coronary heart disease. Am Heart J 154, 1095-1101
(2007)

142. Koenig W, Khuseyinova N, Baumert J, Meisinger
C: Prospective study of high-sensitivity C-reactive
protein as a determinant of mortality: results from the
MONICA/KORA Augsburg Cohort Study, 1984-1998.
Clin Chem 54, 335-342 (2008)

143. Shimada K, Fujita M, Tanaka A, Yoshida K, Jisso
S, Tanaka H, Yoshikawa J, Kohro T, Hayashi D, Okada
Y, Yamazaki T, Nagai R; JCAD Investigators: Elevated
serum C-reactive protein levels predict cardiovascular
events in the Japanese coronary artery disease (JCAD)
study. Shimada K Circ J 73, 78-85 (2009)

144. Ross R: Atherosclerosis: an inflammatory disease.
N Engl J Med 340, 115-126 (1999)

389

145. Lagrand WK, Visser CA, Hermens WT, Niessen HW,
Verheugt FW, Wolbink GJ, Hack CE: C-reactive protein as
a cardiovascular risk factor: more than an epiphenomenon?
Circulation 100, 96-102 (1999)

146. Sajadieh A, Nielsen OW, Rasmussen V, Ole Hein H,
Hansen JF: Increased ventricular ectopic activity in relation
to C-reactive protein, and NT-pro-brain natriuretic peptide
in subjects with no apparent heart disease. Pacing Clin
Electrophysiol 29, 1188-1194 (2006)

147. de Ferranti SD, Rifai N: C-reactive protein: a
nontraditional serum marker of cardiovascular risk.
Cardiovasc Pathol 16, 14-21 (2007)

148. Trepels T Zeiher AM, Fichtlscherer S: Acute coronary
syndrome and inflammation. Biomarkers for diagnostics
and risk stratification. Herz 29, 769-776 (2004)

149. Jaillon S, Peri G, Delneste Y, Fremaux I, Doni A, Moalli
F, Garlanda C, Romani L, Gascan H, Bellocchio S, Bozza S,
Cassatella MA, Jeannin P, Mantovani A: The humoral pattern
recognition receptor PTX3 is stored in neutrophil granules and
localizes in extracellular traps. J Exp Med 204, 793— 804
(2007)

150. Hansson GK, Libby P: The immune response in
atherosclerosis: a double-edged sword. Nat Rev Immunol 6,
508 519 (2006)

151. Latini R, Maggioni AP, Peri G, Gonzini L, Lucci D,
Mocarelli P, Vago L, Pasqualini F, Signorini S, Soldateschi D,
Tarli L, Schweiger C, Fresco C, Cecere R, Tognoni G,
Mantovani A: Prognostic significance of the long pentraxin
PTX3 in acute myocardial infarction. Circulation 110, 2349 —
2354 (2004)

152. Libby P, Ridker PM: Inflammation and atherosclerosis:
role of C-reactive protein in risk assessment. Am J Med 116,
9S-16S (2004)

153. Garlanda C, Hirsch E, Bozza S, Salustri A, De Acetis M,
Nota R, Maccagno A, Riva F, Bottazzi B, Peri G, Doni A,
Vago L, Botto M, De Santis R, Carminati P, Siracusa G,
Altruda F, Vecchi A, Romani L, Mantovani A: Non-redundant
role of the long pentraxin PTX3 in antifungal innate immune
response. Nature 420, 182—-186 (2002)

154. Nauta AJ, Bottazzi B, Mantovani A, Salvatori G, Kishore
U, Schwaeble WJ, Gingras AR, Tzima S, Vivanco F, Egido J,
Tijsma O, Hack EC, Daha MR, Roos A: Biochemical and
functional characterization of the interaction between pentraxin
3 and C1q. Eur J Immunol 33, 465— 473 (2003)

155. Salio M, Chimenti S, De Angelis M, Molla F, Maina V,
Nebuloni M, Pasqualini F, Latini R, Garlanda C, Mantovani A:
Cardioprotective Function of the Long Pentraxin PTX3 in
Acute Myocardial Infarction. Circulation 117, 1055-1064
(2008)

156. Klouche M, Peri G, Knabbe C, Eckstein HH, Schmid
FX, Schmitz G, Mantovani A: Modified atherogenic



Biomarkers for myocardial injury

lipoproteins induce expression of pentraxin-3 by human
vascular smooth muscle cells. Atherosclerosis 175, 221-
228 (2004)

157. Rolph MS, Zimmer S, Bottazzi B, Garlanda C,
Mantovani A, Hansson GK: Production of the long
pentraxin PTX3 in advanced atherosclerotic plaques.
Arterioscler Thromb Vasc Biol 22, e10—e14 (2002)

158. Peri G, Introna M, Corradi D, Iacuitti G, Signorini S,
Avanzini F, Pizzetti F, Maggioni AP, Moccetti T, Metra M,
Cas LD, Ghezzi P, Sipe JD, Re G, Olivetti G, Mantovani
A, Latini R. PTX3, A prototypical long pentraxin, is an
early indicator of acute myocardial infarction in humans.
Circulation 102, 636-641 (2000)

159. Inoue K, Sugiyama A, Reid PC, Ito Y, Miyauchi K,
Mukai S, Sagara M, Miyamoto K, Satoh H, Kohno I,
Kurata T, Ota H, Mantovani A, Hamakubo T, Daida H,
Kodama T: Establishment of a high sensitivity plasma
assay for human pentraxin3 as a marker for unstable angina
pectoris. Arterioscler Thromb Vasc Biol 27, 161-167
(2007)

160. Kotooka N, Inoue T, Fujimatsu D, Morooka T,
Hashimoto S, Hikichi Y, Uchida T, Sugiyama A, Node K:
Pentraxin3 is a novel marker for stent-induced
inflammation and neointimal thickening. Atherosclerosis
197, 368-74 (2007)

161. Singh, Ranger G: The physiology and emerging roles
of antidiuretic hormone. Int J Clin Pract 56, 777-782
(2002)

162. de Bree FM, Burbach JP: Structure-function
relationships of the vasopressin prohormone domains. Cell
Mol Neurobiol 18, 173—-191 (1998)

163. Holwerda DA: A glycopeptide from the posterior lobe
of pig pituitaries: I: isolation and characterization. Eur J
Biochem 28, 334-339 (1972)

164. Robertson GL, Mahr EA, Athar S, Sinha T:
Development and clinical application of a new method for
the radioimmunoassay of arginine vasopressin in human
plasma. J Clin Invest 52, 2340-2352 (1973)

165. Morgenthaler NG, Struck J, Alonso C, Bergmann A:
Assay for the measurement of copeptin, a stable peptide
derived from the precursor of vasopressin. Clin Chem 52,
1112-1119 (2006)

166. Khan SQ, Dhillon OS, O'Brien RJ, Struck J, Quinn
PA, Morgenthaler NG, Squire IB, Davies JE, Bergmann A,
Ng LL. 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 (2007)

167. Voors AA, von Haehling S, Anker SD, Hillege HL,
Struck J, Hartmann O, Bergmann A, Squire I, van
Veldhuisen DJ, Dickstein K; OPTIMAAL Investigators. C-

390

terminal provasopressin (copeptin) is a strong prognostic
marker in patients with heart failure after an acute
myocardial infarction: results from the OPTIMAAL study.
Eur Heart J 30, 1187-1194 (2009)

168. Kitamura K, Kangawa K, Kawamoto M, Ichiki Y,
Nakamura S, Matsuo H, Eto T: Adrenomedullin: a novel
hypotensive peptide isolated from human
pheochromocytoma. Biochem Biophys Res Commun 192,
553-560 (1993)

169. Ichiki Y, Kitamura K, Kangawa K, Kawamoto M,
Matsuo H, Eto T: Distribution and characterization of
immunoreactive adrenomedullin in human tissue and
plasma. FEBS Lett 338, 6-10 (1994)

170. Charles CJ, Rademaker MT, Richards AM, Cooper
GJS, Coy DH, Jing N, Nicholls MG: Hemodynamic,
hormonal and renal effects of adrenomedullin in conscious
sheep. Am J Physiol 41, R2040-R2047 (1997)

171.  Parkes DG: Cardiovascular actions of
adrenomedullin in conscious sheep. Am J Physiol 268,
H2574-H2578 (1995)

172. Majid DSA, Kadowitz PJ, Coy DH, Navar LG:
Renal responses to intra-arterial administration of
adrenomedullin in dogs. Am J Physiol 270, F200-F205
(1996)

173. Richards AM, Nicholls MG, Lewis L, Lainchbury
JG: Adrenomedullin. Clin Sci 91, 3—16 (1996)

174. Jougasaki M, Rodeheffer RJ, Redfield MM,
Yamamoto K, Wei C-M, McKinley LJ, Burnett JC:
Cardiac secretion of adrenomedullin in human heart
failure. J Clin Invest 97, 2370-2376 (1996)

175. Kato J, Kobayashi K, Etoh T, Tanaka M, Kitamura
K, Imamura T, Koiwaya Y, Kangawa K, Eto T: Plasma
adrenomedullin concentration in patients with heart
failure. J Clin Endocrinol Metab 81, 180—183 (1996)

176. Richards AM, Nicholls MG, Yandle TG, Frampton
C, Espiner EA, Turner JG, Buttimore RC, Lainchbury
JG, Elliott JM, TIkram H, Crozier IG, Smyth DW. Plasma
N-terminal  pro-brain  natriuretic  peptide  and
adrenomedullin: new neurohormonal predictors of left
ventricular function and prognosis after myocardial
infarction. Circulation 97, 1921-1929 (1998)

177. Morgenthaler NG, Struck J, Alonso C, Bergmann
A: Measurement of Midregional Proadrenomedullin in
plasma with an immunoluminometric assay. Clinical
Chemistry 51, 1823-1829 (2005)

178. Khan SQ, O'Brien RJ, Struck J, Quinn P,
Morgenthaler N, Squire I, Davies J, Bergmann A, Ng
LL: Prognostic value of midregional pro-adrenomedullin
in patients with acute myocardial infarction: the LAMP
(Leicester Acute Myocardial Infarction Peptide) study. J
Am Coll Cardiol 49, 1525-1532 (2007)



Biomarkers for myocardial injury

179. Stewart DJ, Kubac G, Costello KB, Cernacek P:
Increased plasma endothelin-1 in the early hours of acute
myocardial infarction. JAm Coll Cardiol 18, 38-43 (1991)

180. Ray SG, McMurray JJ, Morton JJ, Dargie HI:
Circulating endothelin in acute ischaemic syndromes. Br
Heart J 67, 383-386 (1992)

181. Yasuda M, Kohno M, Tahara A, Itagane H, Toda I,
Akioka K, Teragaki M, Oku H, Takeuchi K, Takeda T:
Circulating immunoreactive endothelin in ischemic heart
disease. Am Heart J 119, 801-806 (1990)

182. Cody RJ, Haas GIJ, Binkley PF, Capers Q, Kelley R:
Plasma endothelin correlates with the extent of pulmonary
hypertension in patients with chronic congestive heart
failure. Circulation 85, 504-509 (1992)

183. Rodeheffer JE, Lerman A, Heublein DM, Burnett JC
Jr: Increased plasma concentrations of endothelin in
congestive heart failure in humans. Mayo Clin Proc 67,
719-724 (1992)

184. Tomoda H: Plasma endothelin-1 in acute myocardial
infarction with heart failure. 4m Heart J 125, 667-672
(1993)

185. Watanabe T, Suzuki N, Shimamoto N, Fujino M,
Imada A: Contribution of endogenous endothelin to the
extension of myocardial infarct size in rats. Circ Res 69,
370-377 (1991)

186. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y,
Kobayashi M, Mitsui Y, Yazaki Y, Goto K, Masaki T: A
novel potent vasoconstrictor peptide produced by vascular
endothelial cells. Nature 332, 411-415 (1988)

187. Emori T, Hirata Y, Ohta K, Schichiri M, Marumo F:
Secretory mechanism of immunoreactive endothelin in
cultured bovine endothelial cells. Biochem Biophys Res
Commun 160, 93-100 (1989)

188. Emori T, Hirata Y, Ohta K, Kanno K, Eguchi S, Imai
T, Shichiri M, Marumo F: Cellular mechanism of
endothelin-1 release by angiotensin and vasopressin.
Hypertension 18, 165-170 (1991)

189. Omland T, Lie RT, Aakvaag A, Aarsland T, Dickstein
K: Plasma Endothelin Determination as a Prognostic
Indicator of 1-Year Mortalit After Acute Myocardial
Infarction. Circulation 89, 1573-1579 (1994)

190. Rossi GP, Seccia TM, Albertin G, Pessina AC:
Measurement of endothelin: clinical and research use. Ann
Clin Biochem 37, 608-626 (2000)

191. Papassotiriou J, Morenthaler NG, Struck J, Alonso C,
Bergmann  A:  Immunoluminometric  assay  for
measurements of the C-terminal endothelin-1 Precursor
fragment in human plasma. Clin Chem 52, 1144-1151
(2006)

391

192. Papassotiriou J, Walter T, Fiedler E, Sauer T, Lang S,
Elmas E, Hoffmann U, Borggrefe M, Brueckmann M:
Long-term prognostic value of mid-regional pro-
adrenomedullin and C-terminal pro-endothelin-1 in patients
with acute myocardial infarction. Clin Chem Lab Med 46,
204-211 (2008)

193. Antman EM, Tanasijevic MJ, Thompson B,
Schactman M, McCabe CH, Cannon CP, Fischer GA, Fung
AY, Thompson C, Wybenga D, Braunwald E: Cardiac-
specific troponin I levels to predict the risk of mortality in
patients with acute coronary syndromes. N Engl J Med 335,
1342-1349 (1996)

194. Lindahl B, Toss H, Siegbahn A, Venge P, Wallentin:
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
(2000)

195. de Lemos JA, Morrow DA, Bentley JH, Omland T,
Sabatine MS, McCabe CH, Hall C, Cannon CP, Braunwald
E: The prognostic value of B-type natriuretic peptide in
patients with acute coronary syndromes. N Engl J Med 345,
1014-1021 (2001)

196. Adams JE 3rd, Bodor GS, Davila-Roman VG, Delmez
JA, Apple FS, Ladenson JH, Jaffe AS. Cardiac troponin I: a
marker with high specificity for cardiac injury. Circulation
88, 101-106 (1993)

197. Morrow DA, Ridker PM: C-reactive protein,
inflammation, and coronary risk. Med Clin North Am.
2000; 84: 149-161

198. Levin ER, Gardner DG, Samson WK: Natriuretic
peptides. N Engl J Med 339, 321-328 (1998)

Abbreviations: ADM: adrenomedullin, AMSA: amplitude
spectrum area, AVP: arginine vasopressin, BNP: B-type
natriuretic peptide, CK: creatin kinases, CPP: coronary
perfusion pressure, CRP: C-reactive protein, ECG:
electrocardiogram, ET-1: endothelin-1, ETCO2: end tidal
CO2, IFN: interferon, IL: Interleukin, LPS:
lypopolysaccharides, MR-proANP: midregional pro-atrial
natriuretic peptide, NP: natriuretic peptide, NTproBNP: N-
terminal pro-B-type natriuretic peptide, PTX3: pentraxin 3,
ROSC: return of spontaneous circulation, TIR:
Toll/interleukin-1 receptor, TLR: Toll like receptor, VF:
ventricular fibrillation,

Key words Biomarkers, heart, myocardial ischemia,
reperfusion, cardiac arrest, cardiopulmonary resuscitation

Send correspondence to: Giuseppe Ristagno, Weil
Institute of Critical Care Medicine, 35100 Bob Hope Drive,
Rancho Mirage, CA 92270, Tel: 760-778-4911, Fax: 760-
778-3468, E-mail: gristag@gmail.com



