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Abstract Heart failure is a major burden to the health care
system in terms of not only cost, but also morbidity and
mortality. Appropriate use of biomarkers is critically important
to allow rapid identification and optimal risk stratification and
management of patients with both acute and chronic heart
failure. This review will discuss the biomarkers that have the
most diagnostic, prognostic, and therapeutic value in patients
with heart failure. We will discuss established biomarkers such
as natriuretic peptides as well as emerging biomarkers reflec-
tive of myocyte stress, myocyte injury, extracellular matrix
injury, and both neurohormonal and cardio-renal physiology.
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Introduction

Heart failure is recognized as a major cause of mortality and
morbidity [1]. The CDC estimated that in 2010 the total
direct and indirect cost for the treatment of heart failure (HF)
in the United States was $34 billion [2]. The focus on
lowering cost, reducing readmission rates, and ultimately

to provide the most advanced care for patients with HF have
driven recent studies in biomarkers that not only expedite
diagnosis, but also predict mortality and morbidity, and even
facilitate in therapy guidance in patients.

There are a variety of biomarkers that have shown prog-
nostic value in HF and they widely differ in their mechanism
of action. Figure 1 provides a schematic overview of the
biomarkers in discussion. While some biomarkers are spe-
cific to the failing myocardium, others are nonspecific,
originating external to cardiac myocytes, but still having
some prognostic value in heart failure [3].

This manuscript will review biomarkers that have shown
the most prognostic value in patients with HF, including
natriuretic peptides and troponins that have been well studied,
as well as newer biomarkers like sST2, galectin, MR-
proADM, and Copeptin. We will further discuss the use of a
new generation of biomarkers for patients with HF who con-
currently also have renal disease or cardio-renal syndrome.
These cardio-renal biomarkers seem to circumvent the limi-
tations of prior biomarkers used for HF patients whose values
were not as reliable in the presence of renal disease.

Pathophysiology of Heart Failure

The pathophysiology of HF is quite extensive. It is initiated
with the cardiac pump system being impaired by any number
of reasons including coronary artery disease, idiopathic dilat-
ed cardiomyopathy, toxins, hypertensive disease, arrhythmias,
etc. that lead to the activation of neurohormonal pathways to
compensate for the cardiac impairment and low blood circu-
lation state.

As a response to the impaired cardiac myocardium the
sympathetic nervous system compensates by increasing
contractility and heart rate to try to maintain cardiac output.
There is compensatory systemic vasoconstriction, decreased
renal perfusion, and activation of the renin-angiotensin system
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among other changes, which leads to arteriolar vasoconstric-
tion, release of aldosterone, endothelial dysfunction, and so-
dium and water retention. Vasopressin is also released by
baroreceptor stimuli and non-osmotic changes leading to so-
dium and water retention. These compensatory mechanisms
that counteract to balance the effects of HF over time result in
a vicious downward spiral leading to cardiac remodeling,
myocardial cell death, and end-organ failure [4].

Biomarkers of Myocyte Stress

Background

Several biomarkers have emerged that reflect myocardial
wall stress or stretch that occurs in the failing myocardium.
The best studied of all the biomarkers thus far are the
Natriuretic Peptides (NPs). NPs are a family of peptide
hormones that include atrial natriuretic peptic (ANP), brain
natriuretic hormone (BNP), C-type natriuretic peptide
(CNP) and dendroaspis natriuretic peptide, a D-type natri-
uretic peptide (DNP). Of these, ANP and BNP are released
from the atria and ventricle respectively and have been the
forerunner in HF diagnostic and prognostic utility with BNP
the most clinically used and well established.

NPs have similar ring shaped structures. ANP is a 126 pro-
hormone and is mainly synthesized in the atria of the heart [5].
BNP was initially identified from the porcine brain but later
found to be predominantly stored in small quantities in the
ventricles of the human heart [5]. BNP and N terminal BNP
(NT-proBNP) both circulate and are synthesized from a 108

amino acid pro-hormone (proBNP) [5]. Since the pro BNP
messenger RNA is unstable, BNP is produced and up-
regulated depending on the degree of ventricular wall stretch
seen in HF [5]. The half -life of BNP is about 20 minutes,
which is significantly longer than that of ANP [6]. NT-proBNP
has an estimated half-life of 60-90 minutes which is longer than
that of BNP [6]. BNP is removed from the circulation by
endopeptidases and NT- proBNP is cleared by the kidneys
[6]. BNP and NT-proBNP outperform ANP in the diagnosis
of HF due to their longer half-lives. However, it is important to
note that NT pro BNP/BNP values are not as reliable in certain
patients including those with renal disease or obesity.

Once released BNP, NT-proBNP and ANP have multiple
functions, including vasodilation, natriuresis, kaliuresis, and
inhibition of both the renin–aldosterone– angiotensin sys-
tem and the sympathetic nervous system.

Diagnostic Use of Natriuretic Peptides in Heart Failure

Numerous studies have demonstrated the diagnostic capacity
of both BNP and NT-proBNP. In the Breathing Not Properly
Study, McCullough et al. [7] showed that BNP at 100 pg/ml
had a sensitivity of 90 % and specificity of 73 % for heart
failure in patients in the Emergency Department with acute
dyspnea. They also found that BNP values added to clinical
judgment and enhanced diagnostic accuracy of HF from 74 to
81 %. The study showed that BNP was better than clinical
judgment alone for diagnostic purposes and improved provider
clinical judgment. Receiver operating characteristic (ROC)
analysis revealed an area under the curve (AUC) of 0.86 for
clinical judgment and 0.90 for BNP using a cutoff off

Fig. 1 Schematic representation of biomarkers in patients with heart
failure categorized according to level and type of myocardial change.
Markers of myocyte stress: B-type natriuretic peptide (BNP), N-termi-
nal pro B-type natriuretic peptide (NT-proBNP), soluble ST2 (sST2);

Markers of myocyte injury/death; cardiac troponins; Extracellular ma-
trix biomarker; Galectin 3; Neurohormonal markers; Mid-regional pro
adrenomedullin (MR-proADM), Copeptin
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100 pg/ml. When clinical judgment was combined with BNP,
the AUC curve was 0.93 [7]. BNP studies have likewise
shown similar improvement of diagnostic accuracy in the
outpatient primary care setting and as a result led to quicker
initiation of therapy [8]. The IMPROVE –CHF study showed
that the knowledge of NT-pro BNP in ED in diagnosing heart
failure reduced ED visit duration by 21 % (6.3 to 5.6 hours;
P=0.031), reduced re-admission over the next 2 months by
35 % (51 to 33; P=0.046), and reduced overall cost over
2 months from presentation (US $6129 to US $5180 per
patient; P=0.023) [9]. Not surprisingly, NPs are therefore also
a part of the ESC guidelines in the diagnosis and treatment of
acute and chronic HF [10].

Prognostic Use of Natriuretic Peptides in Heart Failure

In addition, the prognostic guidance of BNP/NT-proBNP can
accurately predict mortality and morbidity and distinguish
those heart failure patients who would benefit from admission
[10]. The REDHOT Study showed that admission BNP from
the ED was predictive of 90-day event rates (CHF visits,
admissions, mortality) [11]. In patients admitted with BNP
<200 pg/ml the combined event rate was 9 % but it was 29 %
in patients admitted with BNP >200 pg/ml [11]. Metra et al.
[12] similarly found the independent prognostic value of serial
changes and discharge NT-pro BNP in hospitalized patients
with acute heart failure. In a multivariate analysis, Noveanu et
al. [13] found that in patients admitted with acute decompen-
sated HF, serial BNP levels at 24 hours, 48 hours, and at
discharge, along with predischarge NT-pro BNP, independent-
ly predicted one year mortality but were not predictive of
1 year readmission rates. Di Somma et al. [14] in the Italian
RED study have shown that BNP reduction during hospital-
ization along with discharge BNP are both powerful tools of
prognosis. In acute decompensated heart failure patients with
discharge BNP of <300 pg/ml and percentage decrease of
BNP at discharge of <46 % compared to discharge BNP
<300 pg/ml and percentage decrease at discharge of >46 %
had an odds ratio for adverse events of 4.775. Patients with
discharge BNP >300 pg/ml and percentage decrease at dis-
charge of <46 % compared to those with discharge BNP
<300 pg/ml and percentage decrease at discharge of >46 %
had an odds ratio for adverse events of 9.614 [14]. Further-
more, the prognostic value of BNPwas demonstrated in stable
HF patients as well in the outpatient setting by Jan et al. [15]
who showed that increasing tertile of BNP and elevated BNP
predicts combined mortality and morbidity outcome.

It is important to discuss that a new investigation has
shown that pro BNP (1-108), which circulates in normal
humans, may be useful in the prognosis of heart failure
patients based on fluctuation due to heart failure stage [16].
It is much less potent compared to BNP and NT-proBNP in its
natriuretic function and vasodilation. Macheret et al. [16]

showed that pro BNP has 78.8 % sensitivity and 86.1 %
specificity for detecting LV systolic dysfunction, which is
similar to BNP and less that of NT proBNP. They further
showed that proBNP(1-108) to NT-proBNP(1-76) ratio
decreases based on heart failure stage [16]. These findings
are exciting, but relatively new, and further investigations will
need to be conducted to show how useful proBNP can be for
clinical use.

Natriuretic Peptide Therapy Guidance in Heart Failure

The diagnostic and prognostic utility of BNP/NT proBNP
naturally led to investigation into the therapy guidance utilizing
these biomarkers. Studies suggest that NP therapy guidance
may be beneficial in guiding HF therapy. Gaggin et al. [17]
recently reported data from the PROTECTstudywhich showed
that in outpatient NT-proBNP tailored therapy (goal set at
<1000) in chronic heart failure patients age >75 years de-
creased NT-proBNP 2664 to 1418 pg/mL, and had the lowest
cardiovascular event rate at 0.71 events per patient compared to
the standard of care arm where patients increased NT-proBNP
2570 to 3523 pg/mL, and showed the highest cardiovascular
event rate at 1.76 events per patient. This improvement in
cardiac event rate with NT-proBNP tailored therapy was most
significant in those above age 75 and not as significant in those
below 75 years of age. Valle et al. [18], showed that in acute
decompensated HF, sequential measurements of BNP and
BIVA (combined bioelectrical vectorial impedance analysis
for body water analysis) and tailoring therapy to titrate BNP
to <250 pg/ml and BIVA, showed that discharge BNP value of
≤250 pg/ml was associated with a 25 % event rate within
6 months compared to a 37 % event rate with a value
>250 pg/ml, even with similar discharge body water values
from BIVA [18]. A recent expert review by Januzzi on
BNP/NT-proBNP tailored therapy thoroughly reviewed the
negative and positive outcome trials for tailored therapy and
clearly shows that the key difference in these studies was the
goal BNP/NT-pro BNP. The positive outcome trials set low
BNP/NT-pro BNP (with targets set at BNP ≤100 pg/mL and
NT-proBNP ≤1000 pg/mL, respectively); whereas those with
negative outcomes set higher goal values for BNP and NT-
proBNP [19•]. The review went on to support BNP/NT-
proBNP heart failure guided therapy. The basic recommenda-
tions for tailoring therapy according to BNP/NT pro-BNP are
outlined by Januzzi as an expert guideline in Table 1.

sST2

Background

ST2, a member of the interleukin-1 receptor family, plays an
active role in myocardial remodeling and is a valuable
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marker of prognosis in patients with heart failure. ST2 exists
as both a soluble isoform (sST2) and a membrane-bound
receptor (ST2L), previously studied as a cell surface marker
of the TH2 lymphocyte [20]. Both isoforms are expressed
by cardiac myocytes and fibroblasts in response to ventric-
ular wall stress [21]. The functional ligand of ST2L is
interleukin-33 (IL-33), a cardiac fibroblast protein produced
in response to myocyte stretch [22, 23]. The IL-33/ST2L
interaction on cardiac myocytes has a protective effect
against ventricular remodeling by inhibiting the develop-
ment of hypertrophy and fibrosis in response to mechanical
stress or injury [24]. sST2 competes with IL-33 for ST2L
binding, thereby blocking the interaction of IL-33 and ST2L
and promoting a fibrotic response [24]. Consequently, ele-
vated sST2 concentration appears to indicate activation of a
fibrotic response to injury, resulting in an increased level of
myocardial fibrosis and cardiac remodeling [24].

sST2 elevation has been described in several pulmonary
conditions, including asthma, acute lung inflammation, idi-
opathic pulmonary fibrosis, acute eosinophilic pneumonia,
and other more common conditions including pneumonia,
pulmonary embolism, and chronic obstructive pulmonary
disease [25–29]. However, its predictive value is strongest
in cardiovascular disease. sST2 has been found to be pre-
dictive of worsening disease requiring hospitalization and
mortality in the setting of both acute and chronic HF as well
as in the setting of acute myocardial infarction (MI) [30].
Conveniently, while sST2 assays are affected moderately by

interleukin-6 and gender, they are unaffected by fasting
state, age, renal function, or body mass index [31], making
it an attractive biomarker for clinical use in HF.

Prognostic Value of sST2 in Heart Failure

sST2 has prognostic value in stable heart failure. Serum
levels of sST2 are significantly higher in subjects with
NYHA function class III and IV compared to subjects
without heart failure [32]. sST2 also correlates independent-
ly with both left and right heart chamber size and function
[33]. In addition, sST2 adds to the prognostic value of NT-
proBNP and clinical risk scores in patients with stable
chronic heart failure [34]. Furthermore, serial sST2 moni-
toring in outpatients with heart failure offers additional
prognostication. Patients with chronic heart failure who
demonstrate a 15 % reduction in sST2 levels over time have
more favorable long-term outcomes [32, 35].

sST2 also plays a role in prediction of heart failure.
Baseline sST2 levels in patients with acute MI have been
shown to predict incident heart failure [36, 37]. This phe-
nomenon may be a function of infarct size. Higher levels of
sST2 at the time of infarction have been associated with
greater subendocardial and transmural extent of infarction,
and are inversely associated with ejection fraction at base-
line and 6 months post-MI [38]. Interestingly, this effect
may be partly dependent on aldosterone [38], raising the
possibility that aldosterone antagonists may have a role in

Table 1 Recommendations for optimal application of biomarker-guided heart failure care

Clinicians should be familiar with the complex physiology that influences BNP or NT proBNP concentrations in chronic HF

BNP and NT-proBNP concentrations should be regarded as the biochemical “gold standard” for prognostication

Caregivers should serially measure BNP or NT-proBNP concentrations in chronic HF patients, as routine repeated measurements provided superior
prognostic information to single measurements

When using BNP or NT-proBNP, good knowledge of the target concentration for each is recommended (BNP ~ 125 pg/mL; NT-proBNP 1000 pg/
mL); the closer to the target, the lower the risk

Clinicians should be aware that a rise or fall of 25 % (NT-proBNP) to 40 % (BNP) is a biologically meaningful change, reflecting significant
change in one or more of the factors determining release of these peptides

Clinicians should be knowledgeable about the wide range of therapeutic interventions with favourable effects on BNP or NT-proBNP
concentrations

In order to be successful in biomarker-guided care, a low target concentration for BNP (~125 pg/mL) or NT-probBNP (1000 pg/mL is necessary)

Clinicians should respect the importance of natriuretic peptide concentrations in patients with chronic HF; there is no such thing as a “reassuring”
BNP or NT-proBNP concentration that is above the value, no matter how stable the patient may appear

It may take time and effort to suppress natriuretic peptide concentrations; more frequent office visits and drug therapy titrations may be needed to
achive the goal

Unless in cases of significant congestion or marked elevation of BNP or NT-proBNP, strategies for lowering natriuretic peptide concentrations
should focus on therapies with mortality benefit in chronic HF care, such as ACE inhibitors, ARBs, beta-blockers, aldosterone antagonists,
exercise theraphy or optimization (or placement) of cardiac resynchronization theraphy

Not all patients show “response” to BNP- or NT-proBNP-guided care; in this setting, continued optimization of medication is advise, with review of
salt/water restriction, diet, lifestyle and medication adherence

When a patient is truly optimized but is a BNP or NT-proBNP “non-responder” with an elevated “dry” natriuretic peptide value, their prognosis is
poor and alternative modes of therapy should be considered

ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; BNP: B-type natriuretic peptide; HF: heart failure; NT-proBNP: amino-
terminal pro-B-type natriuretic peptide
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the prevention of myocardial fibrosis and remodeling fol-
lowing MI.

In addition to its role in stable heart failure or in the
prediction of heart failure, sST2 has strong prognostic value
in acute decompensated heart failure (ADHF). Among
patients presenting to the ED with acute dyspnea, baseline
sST2 levels strongly predict one-year mortality among
patients, including patients with [39] and without [40] an
eventual diagnosis of ADHF. sST2 is as prognostically
significant in patients with preserved ejection fraction as in
those with systolic dysfunction [41]. sST2 has even been
shown to be superior to NT-proBNP for prediction of one
year mortality in patients with ADHF, although it has less
diagnostic utility than natriuretic peptides [39].

Use of a combination of biomarkers including sST2 and
natriuretic peptides in the acute setting may improve risk
stratification of patients with ADHF. Patients with elevated
levels of both sST2 and BNP have been shown to carry a
2.6-fold higher risk of one year mortality compared to
patients with only a single marker elevated, and a 5.5-fold
higher risk compared to patients with neither marker elevat-
ed, even after adjustment in multivariate analysis [42]. sST2
and BNP therefore appear to provide additive information.
While BNP is a better indicator of left ventricular filling
pressure and wall stress, sST2 serves as a measure of
remodeling and fibrotic change.

Biomarkers of Myocyte Injury/Death

Background

Although cardiac troponin (cTn) is used primarily to diag-
nose acute coronary syndrome, cTn elevation has been well
described in the setting of heart failure and can offer pow-
erful prognostic information. Detection of cTn classically
indicates the presence of myocyte necrosis. An elevated
troponin above the 99th percentile upper reference limit
with a rising and/or falling pattern and other symptoms or
signs of ischemia indicates a diagnosis of type 1 MI. How-
ever, several other cellular processes induce release of cTn
into the circulation, including apoptosis [43], cellular release
of cTn degradation products [44], and increased cell wall
permeability due to myocardial wall stretch or ischemia
[45]. Ischemia in the absence of thrombosis can lead to
cTn elevation by inducing supply and demand imbalances
in coronary blood flow seen with tachycardia, hypotension,
or anemia [46]. In heart failure, cTn elevation can be ob-
served in part due to subendocardial ischemia [47], although
coronary endothelial dysfunction [48] as well as myocardial
injury from wall stretch [47] likely contribute as well. Other
proposed mechanisms of troponin elevation in heart failure
include globally, rather than regionally, reduced myocardial

perfusion and impaired renal function [49]. Furthermore,
other processes that can result in heart failure, such as
amyloidosis, toxin exposure, myocarditis, or stress-induced
cardiomyopathy, can lead to elevations in cTn [50].

Prognostic Use of Troponins in Heart Failure

cTn elevation has been well described in stable heart failure
without overt evidence of cardiac ischemia [51]. This phe-
nomenon is particularly apparent with the use of high-
sensitivity cTn assays, which offer a 10 to 100-fold lower
detection limit [52]. The prevalence of cTn elevation in
stable HF has been reported as high as 10 % using a
conventional cTnT assay, 51 % using a conventional cTnI
assay, and 92 % using a high-sensitivity assay [52, 53].
Higher baseline cTn levels have consistently been associat-
ed with higher rates of adverse outcomes, including overall
mortality [52, 53], worsening heart failure [54], new or
recurrent MI [54], and cardiac transplantation [55]. Serial
cTn measurements may also be relevant. A downward
trending pattern of elevation is associated with better out-
comes than a persistent or upward trending pattern [55].
Together, these data indicate that worsening ventricular
function and adverse clinical outcomes in heart failure
may be a result of myocardial injury. cTn may also offer
prognostic information for risk of developing heart failure.
In asymptomatic adults, detectable cTn has been associated
with future risk of developing heart failure [56].

In ADHF, cTn elevation is more common and can be
more marked. A diagnosis of Type I MI should always be
carefully considered as a precipitant of an acutely decom-
pensated state, and the pattern of elevation of cTn should not
be used to imply the mechanism of troponin elevation [50].
Elevated cTn is a relatively common finding in ADHF even
in the absence of other signs or symptoms of Type 1 MI. In
the Acute Decompensated Heart Failure National Registry
(ADHERE) study, 75 % of patients hospitalized with ADHF
had detectable levels of cTn, though elevations above the
99th percentile upper reference limit were seen in only
6.2 % of patients [57]. Patients with cTn elevation had a
2.6-fold higher rate of in-hospital mortality, even after ad-
justment for other clinical variables [58]. The Enhanced
Feedback for Effective Cardiac Treatment (EFFECT) study
confirmed these results and also demonstrated a dose-
response relationship between the magnitude of cTn and
likelihood of adverse outcomes [59]. Serial measurements
of cTn in patients hospitalized with ADHF also carry prog-
nostic significance. cTn elevation in ADHF typically
declines over time to a baseline level similar to that seen
in stable heart failure [58], but patients with up-trending cTn
levels during hospital admission have increased rates of 90-
day mortality and readmission for HF, when compared to
patients with stable or decreasing cTn [60, 61]. Furthermore,

Curr Cardiol Rep (2013) 15:372 Page 5 of 14, 372



the discharge cTn value by itself carries prognostic value,
even in the absence of serial measurements. Elevated levels
of high-sensitivity cTnI at discharge, using an ROC-
determined cutoff of 23.25 ng/L, have been associated with
increased risk for 90-day mortality and readmission for heart
failure [61]. Discharge values of high-sensitivity cTnI pre-
dict adverse outcomes as effectively as discharge values of
BNP, when using a receiver operating characteristic (ROC)-
determined BNP cutoff of 360 ng/L [61]. Unfortunately,
while cTn clearly offers prognostic information in the set-
ting of ADHF, data are lacking regarding targeted interven-
tions for heart failure based on the presence or degree of cTn
elevation [50].

Extracellular Matrix Biomarkers

Several extracellular matrix biomarkers have been found to
have correlation to HF. The dynamic changes of biomarkers
in the extracellular matrix have shown to play a role in the
inflammatory response, alteration of collagen and protein
metabolism, and fibrosis that lead to cardiac remodeling.
Biomarkers like collagen propeptide, matrix metalloprotei-
nases (MMPs), tissue inhibitors of metalloproteinases
(TIMPs), N-terminal collagen type III peptide, and galectin
3 have shown to have a role in heart failure. Of these,
Galectin 3 has been of particular interest due to growing
data showing its prognostic value in HF.

Galectin 3

Background

Galectin 3 is a 29-35 kDa chimera type galectin from a
family of soluble beta-galactoside-binding lecithins [62]. It
is found in a wide range of tissues and localized primarily in
the cytoplasm, and also in the mitochondria and nucleus.
Galectin 3, which is secreted by macrophages, interacts
with cell surface receptors and glycoproteins to activate
transmembrane signaling pathways leading to a number of
physiologic and pathologic changes including inflammation
and fibrosis. Galectin 3 works as a paracrine and endocrine
factor to stimulate additional macrophages, pericytes,
myofibroblasts, and fibroblasts. This leads to cellular
proliferation and secretion of procollagen I. Procollagen I
is irreversibly crosslinked to form collagen and result in
cardiac fibrosis (Fig. 2).

Prognostic Value of Galectin 3 in Heart Failure Patients

Recent studies have shown the prognostic benefit and use-
fulness of Galectin 3. Ho et al. [63] showed that Galectin 3

was associated with and increased risk of incident heart
failure in the community with hazard ratio HR 1.28 per 1
SD increase in log Galectin 3 and remained significant after
adjustment for clinical variables and BNP with HR 1.23. It
correlated significantly with the risk for all cause mortality as
well (multivariable-adjusted HR 1.15) [63]. De Boer et al. [64]
showed that doubling of Galectin 3 levels was associated with
increased all cause mortality and heart failure hospitalization
in patients with reduced and preserved ejection fraction (HF
1.97). They also showed that when combining Galectin 3 and
BNP levels, area under the curve (AUC) 0.69 P<0.05, in-
creased prognostic value over either BNP or Galectin 3 alone,
AUC 0.65 (P<0.001) and AUC of 0.67 (P=0.004) respec-
tively [64]. Interestingly, the predictive value of Galectin 3
was stronger in HF patients with preserved ejection fraction
than those with reduced left ventricular ejection fraction [64].
McCullough et al. [65] also showed that regardless of symp-
toms, clinical findings, and other laboratory measures, a
Galectin 3 level >25.9 ng/mL is predictive of rapid progres-
sion of heart failure, hospitalization, and death. Shah et al. [66]
showed that in dyspneic patients in the ER, Galectin 3 levels
were associated with echocardiographic markers of ventricu-
lar dysfunction and in ADHF patients, Galectin 3, irrespective
of echocardiographic findings, was an independent predictor
of mortality up to 4 years. The good news is that Galectin 3
assays are also showing acceptable performance and similar
outcomes in recent studies [67], which will make their use
more universally accepted.

Neurohormonal Biomarkers

Background

Of the newer biomarkers, a neurohormone, midregion proa-
drenomedullin (MR-proADM), has been shown in recent
studies to have strong prognostic value. Adrenomedullin,
like NPs, has vasodilatory and natriuretic properties through
the second messenger cyclic adenosine 3′,5′-monophos-
phate (cAMP), nitric oxide and the renal prostaglandin
system. It is found in a wide variety of tissues including
the cardiovascular, gastrointestinal, renal, pulmonary, cere-
bral, endocrine systems, as well as vascular endothelium
and smooth muscle. It also has local paracrine and autocrine
functions [68].

Prognostic Value of MR-proADM in Heart Failure

Mid-regional proadrenomedullin (MR-proADM) is a stable
peptide of adrenomedullin and readily measurable. In a
large, multicentered trial, Maisel et al. [69] showed that
MR-proADM (≥ 120 pmol/l) was as useful as BNP
(≥100 pg/ml) in diagnosis of acute decompensated heart
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failure in patients with dyspnea in the ER. MR-proADM may
also be useful in patients with intermediate BNP values. Most
importantly, Maisel et al. showed using cut off values from
ROC analysis that MR-proADM has a 73 % accuracy to
predict 90-day mortality in HF patients while for BNP it was
62 % and that MR-proADM added prognostic value to BNP
values [69]. A follow up analysis by Maisel et al. [70], recently
emphasized that MR-proADMmay be superior to BNP, tropo-
nins, and other biomarkers, in predicting 90 day all cause
mortality in patients presenting with shortness of breath in the
ER. Furthermore, they showed that serial monitoring of MR-
proADM could be very useful to classify high risk patients [70]
although further studies are needed to evaluate the prognostic
value of serial measurements. In addition, Von Haehling et al.
[71] found that increasing MR-proADM during a one year
period is an independent predictor of mortality in chronic heart
failure patients, hazard ratio 1.82, and that MR-proADM was
stronger prognostically than NT-proBNP when added to the
base model [71]. In the GISSI trial [72], changes in MR-
proADM tertile were proportionally related to mortality, while

other biomarkers including mid-regional pro-atrial natriuretic
peptide (MR-proANP), C-terminal pro-endothelin-1 (CT-
proET-1) and C-terminal pro-vasopressin (CT-proAVP or
Copeptin) were not. MR-proADM again showed prognostic
value in this study independent of natriuretic peptides which
makes it a potential powerful biomarker [72]. MR-proADM
assay is now available for clinical use and can be available
within 30 to 60 mins. MR-proADM may also be very helpful
clinically in HF patients with renal dysfunction, obesity, or
advanced age when NP values are not as reliable [69].

Copeptin

Background

In HF patients the release of arginine vasopressin (AVP)
also known as the anti-diuretic hormone, occurs mainly in
direct response to changes in plasma volume and osmolality
[73–75]. The instability in-vitro, small size and fast

Fig. 2 Galectin-3 pathways. The network represents molecular rela-
tionships between different gene products. Node shapes indicate the
functional class of the gene product, whereas node colors indicate a
role in general fibrosis (orange) or cardiac fibrosis (green). Edge colors
indicate up-regulation or activation (red), down-regulation or inhibition

(green) or involvement without clear directionality (yellow). (With
permission from: de Boer RA, Voors AA, Muntendam P, van Gilst
WH, van Veldhuisen DJ. Galectin-3: a novel mediator of heart failure
development and progression. Eur J Heart Fail. 2009 Sep;11(9):811-7
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clearance rate makes AVP difficult to measure [74, 75].
Copeptin is the C-terminal segment of the AVP precursor
peptide and is released in equimolar amounts along with
ADH from the hypothalamus. Copeptin is a glycosylated
peptide containing a 39-amino acid structural motif with a
leucine core [75, 76]. Copeptin has been demonstrated to be
more stable in-vitro compared to AVP allowing a successful
measurement in the clinical setting [73, 75, 77].

Diagnostic and Prognostic Utility of Copeptin in Heart Failure

The OPTIMAAL study [77] demonstrated that in patients
developing heart failure after acute myocardial infarction,
COX hazard analysis revealed that elevated Copeptin levels
along with BNP and NT-proBNP were significantly associat-
ed with mortality. ROC analysis in predicting mortality
revealed an AUC of 0.81 for Copeptin compared to AUC
0.66 for BNP and 0.67 for NT-proBNP [77]. Moreover in one
month follow-up, changes in Copeptin levels from baseline
was significantly associated with increased mortality HR 3.5,
p=0.002. The study highlighted the role of Copeptin in heart
failure patients, suggesting that poor cardiac output, hypona-
tremia and elevated angiotensin II levels drive the release of
Copeptin in heart failure [77]. Another study [78] demonstrat-
ed that Copeptin levels were directly proportional to left-
ventricular volumes and inversely related to ejection fractions
in patients developing post-acute myocardial heart failure.
Maisel et al. [79] demonstrated that in 557 patients with acute
HF presenting to the emergency department, increased 90-day
mortality was seen in patients with elevated Copeptin levels
HR 3.85, p<0.001. The study tested composite endpoints of
mortality, readmission and ED visits with results revealing
that Copeptin levels were significantly increased in such
patients [79]. Hyponatremia, along with elevated Copeptin
levels, was also found to be significantly associated with high
risk of mortality HR 7.36, p<0.001 [79].

Copeptin has provided robust evidence as an effective
marker of heart failure severity especially in ischemic heart
failure. Once in the circulation, AVP affects cardiac contrac-
tility resulting in decreased cardiac output and retention of
volume leading to dilutional hyponatremia [77, 79]. Copep-
tin is stoichiometrically released along with AVP thus mak-
ing it a sensitive and specific marker of heart failure disease
progression [80]. Although a majority of the studies assess-
ing Copeptin levels were conducted in relative small cohorts
of patients with acute HF post-acute myocardial infarction,
future studies should aim at assessing longer follow-ups.

Cardiorenal Biomarkers

Renal impairment in HF is common and associated with
high mortality and the prevalence of HF worsens with the

degree of renal damage [81]. Smith et al. [82] found that of
80,098 hospitalized and non-hospitalized HF patients, 63 %
of patients had at least minimal renal impairment, and 29 %
had moderate to severe impairment. They found that mor-
tality increased proportionally with the decline in renal
dysfunction. Specifically they demonstrated a 15 % in-
creased mortality for every 0.5 mg/dl increase in creatinine
and 7 % increased mortality for every 10 ml/min decrease in
eGFR [82]. Cardiorenal syndrome is a disease process
where the interplay of a neurohormonal, intrarenal, and
transrenal perfusion pressure lead to the worsening of both
cardiac and renal function. There are five subtypes of car-
diorenal syndrome as depicted in Fig. 3 [83••]. Cardiorenal
patients are so prevalent and have such high mortality risks
that the need for more reliable biomarkers has been the
focus of much research. One of the limitations of NPs which
are the primary biomarkers used in clinical practice in HF
patients is in the setting of renal disease where their values
are less reliable [83••].

Cystatin C

Background

Cystatin C is an endogenous renal marker from the family of
cysteine proteinase inhibitors secreted by nucleated cells at a
constant rate [84]. It is proposed to be more sensitive than
creatinine and GFR for kidney dysfunction. It freely crosses
the glomerular membrane, catabolized by the proximal tubules,
and it is not affected by age, sex, or muscle mass [84, 85].

Prognostic Value of Cystatin C in Heart Failure

Elevated Cystatin C levels have been associated with higher
all cause mortality [84, 86, 87] and CVD related deaths
[87–89]. Ix et al. [86] found that in ambulatory patients with
coronary heart disease the highest quartile (> or=1.30 mg/L)
of Cystatin C were at increased risk of all-cause mortality,
HR 3.6, cardiovascular events HR 2.0, and incident heart
failure, HR 2.6 compared to the lowest quartile (< or=
0.91 mg/L). The results were similar in patients regardless
of GFR or presence of microalbuminuria [86]. Lassus et al.
[90] showed that in acute HF patients Cystatin C above
1.30 mg/L had the highest adjusted HR of 3.2 and mortality
increased with each tertile of Cystatin C. Interestingly, they
also found that normal plasma creatinine, but elevated Cys-
tatin C levels were associated with significantly higher
mortality [90]. Furthermore, Carrasco-Sanchez et al. [91]
demonstrated that in patients with HF with preserved ejec-
tion fraction patients with higher quartile of Cystatin C were
associated with increased risk for adverse events [91].
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Patients with highest quartile of Cystatin C level had a HR
3.40 for the primary end point and HR 8.14 for all-cause
mortality and the association of elevated Cystatin C and
poor prognosis held even with normal renal function [91].
In fact, the Dallas Heart Study [92] demonstrated that higher
Cystatin C levels were associated with LV mass and a
concentric LV hypertrophy, regardless of creatinine or
GFR. The study concluded that Cystatin C may be useful
in identifying patients at risk for cardiac structural abnor-
malities, with or without renal disease [92]. Current studies
continue to be done on the value of Cystatin C in combina-
tion with other biomarkers in heart failure and in search of

the mechanism by which it is so closely related to both heart
disease and renal disease.

Neutrophil Gelatinase Associated Lipocalin

Background

Neutrophil gelatinase-associated lipocalin (NGAL) is a
25 kDa protein and part of the lipocalin family [93]. NGAL
is produced as a result of renal toxic or ischemic injury and
data suggests that it detects renal injury within a couple

Fig. 3 Pathophysiology and
definitions of the 5 subtypes of
cardiorenal syndrome. (With
permission from: Ronco C,
McCullough P, Anker SD,
Anand I, Aspromonte N,
Bagshaw SM, et al; Acute
Dialysis Quality Initiative
(ADQI) consensus group.
Cardio-renal syndromes:
Report from the consensus
conference of the acute dialysis
quality initiative. Eur Heart J.
2010;31:703 – 711) [83••]
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hours of the insult versus the couple of days it takes for
creatinine to increase [94, 95].

The precise mechanism of action of NGAL is unclear. It
is secreted by different tissues (endothelium, hepatocytes,
cardiocytes, renal cell) and stored in granules in neutrophils
[85]. It has been shown to likely play a role in the immu-
ne/inflammatory process in the natural history of HF [95].
Recent studies indicate that NGAL might be a marker of
mineralocorticoid related injury [96]. The study showed that
in mice mineralocorticoid pathologic challenge led to in-
creased expression of NGAL in cardiomyocytes, aorta, and
increased level in plasma.

Prognostic Value of NGAL in Heart Failure

The GALLANT trial [97] showed that in acute HF adding
discharge NGAL, over BNP alone, showed a 10.3 % im-
provement in classification in those with follow up events
(30 day readmission or all cause mortality) and 19.5 % in
those without follow up events. This was a net reclassifica-
tion improvement of 29.8 % (P=0.010). In addition, patients
with both elevated BNP and NGAL had a hazard ratio (HR)
=16.85 while those with low BNP yet high NGAL had a
HR=9.95 [97]. The authors showed that NGAL is a strong
prognostic indicator of adverse outcome. A recent study
[98] indicates that both serum and urine NGAL predicts
renal injury, but serum NGAL showed stronger correlation
with GFR while urine NGAL correlated with distal tubular
injury (as in diuresis or natriuresis). Damman et al. [99] also
showed that urine NGAL is predictive of tubular damage in
chronic HF patients, where median urinary NGAL values in
chronic heart failure patients was 175 (70-346) versus that in
controls was 37 (6-58) microg/gCr [99].

Naturally, more studies will need to be done to see the
precise role of NGAL in heart failure and renal disease, but
its prognostic utility is promising.

Kidney Injury Molecule-1

Background

Another biomarker rapidly gaining attention in detecting
acute kidney injury is Kidney Injury Molecule-1 (KIM-1).
In post-ischemic rodent models the up-regulation of the
KIM-1 gene in the proximal tubule demonstrated its use as
an early marker of acute kidney injury [100]. Structurally,
KIM-1 is a type 1 transmembrane protein containing immu-
noglobin ectodomains and mucin subdomains [100, 101]. In
the early phase of acute ischemic kidney injury affecting the
proximal tubule, a temporal progression of complex molec-
ular events occur [100]. One of these events is the

upregulation of transmembrane proteins and their release
into the blood stream and urine, making them effective
biomarkers of acute kidney injury.

Diagnostic and Prognostic Utility of KIM-1 in Heart Failure

Compared to serum creatinine, studies have shown that
KIM-1 has a faster response rate and is released sooner in
the setting of acute kidney injury [102, 103]. In a multivar-
iate analysis study [104] assessing the temporal elevation of
urinary biomarkers in AKI in post-cardiac surgery patients,
the combination of KIM-1 and NGAL achieved a net re-
classification improvement of 48 % (p<0.05) at 6 hours
[104]. On ROC analysis, KIM-1 achieved an AUC of 0.7
in predicting AKI at 2 hours [104]. Another multicenter
study [105] demonstrated that in 1635 patients hospitalized
after presenting to the ED, KIM-1 achieved an AUC of 0.71
in detecting inpatient intrinsic AKI. Urinary KIM-1 levels
were significantly elevated in patients with intrinsic AKI
compared to those with CKD and pre-renal AKI [105].
Furthermore, KIM-1 and NGAL were significantly able to
predict a combined outcome of in-hospital death and/or
dialysis initiation [105]. KIM-1 achieved a negative predic-
tive value of 95 % in diagnosing intrinsic AKI [105].
Jungbauer et al. [106] demonstrated that in symptomatic
HF patients, urinary KIM-1 was significantly elevated at
1100, interquartile range 620-1920 ng/gCr as compared to
550, interquartile range 320-740 ng/gCr, when compared to
healthy controls. The study showed that urinary KIM-1
increased significantly with worsening left ventricular func-
tion and significantly correlated in severity with New York
Heart Association (NYHA)-class. KIM-1 also predicted all-
cause mortality, the composite of all-cause mortality, and
rehospitalization for heart failure [106]. Interestingly,
NGAL did not show much significance in this study [106].
Damman et al. [107] also found that urinary KIM-1 signif-
icantly increased in chronic systolic HF patients 277 (188-
537) ng/gCr when compared with healthy controls. They
found that urinary KIM-1, regardless of GFR, correlated
with risk of death or HF hospitalizations, HR=1.15 [107].
These studies highlight the importance of tubular damage
and role of tubular markers in cardiorenal patients.

The role of KIM-1 in heart failure still needs further
investigation prior to definite conclusions and clinical use;
however, there seems to be strong evidence of its predictive
value in this patient population which can hopefully be used
clinically in the future.

Conclusions

The place of biomarkers in patients with HF is rapidly
evolving and progressing with new studies and data. The
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goal is to optimize management and treatment of HF expe-
ditiously given the high rates of mortality and morbidity of
this disease. Biomarkers are objective tools to help physi-
cians classify those patients that would benefit most from
admission, need more aggressive treatment, and identify
those with poor outcomes. The future of biomarkers in HF
is expanding. They will not only improve diagnosis and
prognosis of heart failure but also likely guide medical
therapy and positively influence the normal progression of
the disease.
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