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Introduction

Heart failure (HF) remains the leading cause of death in 
the US and worldwide, causing a significant burden on 
health care systems across the globe (1). According to the 
2011 update on the heart disease and stroke statistics, the 
prevalence of HF in people aged 20 years and older in the 
United States is approximately 5.7 million (2). Clinically, 
HF is a complex disease process that can result from a 
variety of conditions preventing the left ventricle from 
properly filling and ejecting blood. Patients with acute 
HF commonly present to the emergency department 
with symptoms and signs of fluid retention, pulmonary 
congestion, peripheral edema, decreased exercise tolerance, 
dyspnea, and fatigue. However, these symptoms and signs 
can be misleading and have poor diagnostic sensitivity and 
specificity. In spite of major advances in therapy, prognosis 
for HF remains poor. Biomarkers, with their objectivity 
and widespread availability, have an indispensable role in 
improving HF management. Figure 1 represents various 
biomarkers reflecting distinct cardiac myocyte pathology 

along with biomarkers that have demonstrated strong 
evidence in detecting comorbidities such as acute kidney 
injury and pneumonia often seen in patients with HF. A 
multi-marker approach is required to adequately assess the 
risk profile of a given HF patient. As a result, significant 
effort has been placed on biomarker research, leading to the 
emergence of several promising novel cardiac biomarkers 
for HF diagnosis and risk stratification.

Markers of myocyte strain

The natriuretic peptides, which include B-type natriuretic 
peptide (BNP) and the N-terminal fragment of its 
prohormone (NT-proBNP), as well as atrial natriuretic 
peptide (ANP), adrenomedullin and the mid-regional 
fragment of the prohormone (MR-proANP), are currently 
the most widely used markers of myocardial strain. These 
prohormones are released in hemodynamic stress and 
processed into biologically active natriuretic peptides, 
which can counteract the stress by inducing vasodilation, 
natriuresis and diuresis (3).
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BNP is produced from pre-proBNP, a 134 amino acid 
molecule released from myocytes under stress (4). Once 
released, plasma BNP binds to the NP receptor A causing 
a signaling cascade that initiates natriuresis, diuresis, 
arterial vasodilation, inhibition of cardiac and vascular 
myocyte growth. BNP has a half life of 20 minutes (5) 
and is cleared from the circulation via endocytosis, renal 
filtration or passive excretion. The utility of BNP has 
been demonstrated in several studies and is perhaps the 
most widely used biomarker in the assessment of acute 
HF (6,7).

NT-proBNP is also formed and released as a result of 
cleavage of its precursor form proBNP that undergoes 
enzymatic breakdown and processing by two paraprotein 
convertases, furin (8) and corin (9). NT-proBNP is formed in 
largest concentration in the left ventricle, but is also detectable 
to a certain amount in the right atrial and ventricular muscle. 
NT-proBNP has a half-life of 60-90 minutes and is excreted in 

its original form via the kidney (10).
While ANP has been slightly less consistent as a 

diagnostic marker than BNP due to its rapid clearance, the 
stable mid-regional fragment of proANP (MR-proANP) 
has been identified as a robust surrogate marker (11). MR-
proANP degrades and clears the blood less quickly than 
ANP or proANP and thus is more reliable as a marker in 
the clinical setting (9).

Adrenomedullin (ADM) is a 52-amino-acid peptide 
thought to be upregulated due to increased volume overload 
and is mediated by vasoactive hormones (12,13). However, 
due its rapid clearance from the circulation and a short 
half-life (22 min), using ADM as a routine biomarker is 
impractical (14). MR-proADM, the mid-regional segment 
of ADM’s precursor pre-proadrenomedullin, is released in 
equimolar concentrations as adrenomedullin and thus is an 
effective substitute, and due its inactivity and longer half-
life, MR-proADM is a better surrogate marker (13). 
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Figure 1 Schematic representation of the release of various biomarkers from organs in patients with heart failure. Increased ventricular wall 
stretch is the primary inciting event causing a cascade of biomarker release which can be measured to monitor disease severity and ongoing 
myocardial insult. The growing body of research has shown that in heart failure patients, complex underlying pathophysiological processes 
can be better understood by monitoring biomarker activity. BNP: B-Type Natriuretic Peptide; NT-proBNP: Amino Terminal Natriuretic 
Peptide; MR-proANP: Mid-regional A-type Natriuretic Peptide; GDF-15: Growth differentiation factor 15; NGAL: Neutrophil gelatinase 

associated lipocalin; IL 6: Interleukin 6; TNF-α: Tumor necrosis factor alpha; CRP: C-Reactive protein; RAAS: Renin-angiotensin-
aldosterone system
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BNP

BNP plasma concentrations fluctuate depending on the 
disease. BNP increases particularly when there is an 
abnormal dilatation of the cardiac wall chamber, increased 
fluid volume or reduced elimination of peptides such as in 
kidney failure (15). 

Factors such as age, BMI, renal function can alter 
NP levels resulting in “grey-zone” values, so accurate 
interpretation is critical (16). The grey-zone values are 
approximately 100-400 pg/mL for BNP (16). In the ED 
wherein the majority of acute HF patients present, a cut-
off of 100 pg/mL to exclude HF is sufficient (in conjunction 
with other tests) regardless of age and sex (16). Attention 
to other causes of elevated NP levels such as pulmonary 
hypertension, right ventricular dysfunction, and valvular 
disorders must be considered (16,17). Other modalities 
such as chest X-ray, blood tests must be utilized to make 
a positive diagnosis (16-18). Close monitoring of such 
patients is crucial to identify associated comorbidities and 
modify HF-treatment according to level of risk. In those 
with high BMI (>35 kg/m2), more rapid clearance of NPs 
by increased clearance receptors in adipocytes results in a 
lower BNP (19,20), and thus a lower cut-off value of BNP 
(<50 pg/mL) can be used to exclude diagnosis of HF (16).

Most patients with acute HF will visit the ED due to an 
exacerbation of their symptoms or volume overload (21). 
Using BNP levels in the ED can assess the risk of death or 
readmission within 30 days (16). In a cohort of 464 patients 
presenting to the ED with symptoms of HF, Maisel et al. 
found that the 90-day combined event rate with BNP 
<200 pg/mL was 9% compared to those admitted with 
BNP >200 pg/mL, which was 29%. Prognosis of patients 
with BNP levels <200 pg/mL is excellent, even though the 
patients were perceived to be in a NYHA functional class 
III or IV (22).

In those presenting with acute decompensated HF 
(ADHF), Di Somma et al. (23) found that the optimal 
times to assess BNP levels are at admission, 24 hours after 
admission and at discharge. A reduction of 25% or more 
24 hours after admission and a reduction of 46% or more 
of BNP levels at discharge compared with the admission, 
together with the absolute value of less than 300 pg/mL 
yielded a strong negative prognosis for future cardiovascular 
events including readmission or in-hospital mortality, 
independent of LVEF (23). Analysis of 48,629 patients in 
the ADHERE cohort showed that risk of mortality varied 3- 
to 4-fold based on the patient’s initial BNP (24).

In patients with chronic HF, BNP can predict future 
cardiac events and hospitalizations (25-27). Results from the 
Val-HeFT trial reported by Masson et al. (25) demonstrated 
that BNP and NT-proBNP were the strongest predictors 
of mortality and hospitalization for HF. Increase in BNP 
levels by 50 ng/mL from baseline carried a high risk 
compared to the pooled analysis by Doust et al. which 
demonstrated a 35% increase in risk of mortality with 
an increase of 100 pg/mL from baseline (26). In another 
study, BNP level >189 pg/mL after 2 months in addition 
to >15% change in BNP levels from baseline had worst 
survival despite being stable after discharge for HF (27). 
Thus, it is imperative that BNP must be closely monitored 
after discharge, even in stable patients with chronic HF to 
identify those at increased risk and judge response to therapy. 

Therapy can be guided based on “dry” and “wet” BNP 
levels (21). The dry BNP level indicates the patient’s 
baseline euvolemic BNP level and the wet BNP indicates 
the level resulting from volume overload. Titration of HF 
therapy and use of diuretic can be modified judging by the 
decrease in wet BNP levels during treatment. Measuring 
pre-discharge BNP can help physicians in tailoring HF 
regimen as well as to stratify patients according to their risk 
and minimize future cardiac events and lower mortality (28).

NT-proBNP

NT-proBNP is released along with other NPs by the 
cardiac myocytes in response to increased wall stress due 
to HF and myocardial dysfunction. In recent years, the 
quantitative assessment of NT-proBNP has shown to be a 
useful tool in the identification or exclusion of HF.

In a prospective study assessing the value of NT-proBNP 
in aiding diagnosis in 221 patients presenting to the ED 
with acute dyspnea, there was significant correlation 
between NT-proBNP and the clinical estimate of HF 
(P<0.0005) (29). Without knowledge of NT-proBNP, 
HF was diagnosed in 24.0%, lung failure in 60.6%, a 
combination of heart and lung failure in 10.9% and 4.5% 
had another diagnosis. Adding NT-proBNP levels to the 
differential resulted in 24.4% with a diagnosis of HF, 47.5% 
with lung failure and 23.5% with combined heart and lung 
failure (29). This study concluded that the additive value of 
NT-proBNP helped diagnose 18% of patients presenting 
with acute dyspnea.

NT-proBNP is also prognostic in patients with suspected 
acute HF (30). In the Canadian multicenter IMPROVE 
CHF study, Moe et al. (30) demonstrated that NT-proBNP 
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testing improved the management of patients presenting with 
dyspnea in EDs of Canada and reduced their re-hospitalization 
rates over 60 days (P=0.023). Adding NT-proBNP to clinical 
judgment increased the ROC curve to 0.90 from 0.83 
(P<0.00001).

In some studies, NT-pro-BNP has been shown to be 
superior over other natriuretic peptides. BNP, NT-proBNP, 
and proBNP levels at hospital admission and discharge in 
patients with ADHF were compared for their predictive 
value of cardiac death and all cause mortality within 90 days 
post discharge. NT-proBNP had superior prognostic power 
for all cause mortality when compared with BNP and 
proBNP, suggesting that discharge values of NT-proBNP 
have the greatest diagnostic and prognostic potential of all 
natriuretic peptides (31).

These studies are just a few to point to the exceptional 
value of NT-proBNP for the diagnosis, prognosis, and 
management of patients with HF. While there are many 
studies suggesting that NT proBNP and BNP are similar in 
their potential as a marker for heart failure, there are some 
recent studies underscoring the fact that NT proBNP is a 
more discerning marker in many common clinical scenarios, 
such as diastolic HF (32,33). This versatile cardiovascular 
marker will help optimize the care of a wide range of 
patients with prevalent cardiovascular illnesses.

Mid-regional pro A-type natriuretic peptide

The diagnostic utility of MR-proANP as compared to BNP 
was recently demonstrated in the Biomarkers in ACute Heart 
Failure (BACH) study, a 15-center international trial (34). 
In the diagnosis of acute HF in those presenting to the 
ED with dyspnea, a MR-proANP level greater than the 
predefined cutpoint of 120 pmol/L was found to be non-
inferior to BNP at the 100 pg/mL cut point. Table 1 shows 
the specificity and sensitivity for MR-proANP compared 
to BNP. Combining MR-proANP and BNP together 
increased diagnostic accuracy from 73.6% (BNP) to 
76.6%. In areas where BNP and NT-proBNP could be less 

informative (obesity, old age, renal dysfunction, “grey zone” 
values), MR-proANP adds value when used in combination 
with each biomarker (34,35).

In the prospective Malmö Diet and Cancer Study, the 
prognostic values of MR-proANP and five other biomarkers 
in the development of HF or atrial fibrillation were 
examined. Of 5,187 participants, 112 developed HF and 
284 developed atrial fibrillation within the 14 year follow-
up. MR-proANP as well as CRP and NT-proBNP were 
predictive of the onset of HF, independent of risk factors 
or other markers (36). In a comparison of NT-proBNP and 
MR-proBNP in a sample of 525 chronic HF patients of 
all NYHA classes, MR-proANP was found to be positively 
correlated with NYHA class, and after correction for NT-
proBNP, age, ejection fraction, NYHA class, creatinine, 
and BMI, MR-proANP was found to be a predictor of poor 
survival (37). Overall the study concluded that MR-proANP 
independently predicts mortality, and adds prognostic value 
when combined with NT-proBNP (37).

MR-proANP has both diagnostic and prognostic utility in 
the treatment of HF patients. Used correctly, MR-proANP 
can aid in risk stratification, particularly in unsure cases and 
in concert with BNP and other biomarkers.

Adrenomedullin

The BACH trial (34) also evaluated the prognostic utility of 
MR-proADM in acute HF patients presenting to the ED 
with dyspnea. Results revealed that MR-proADM performed 
better to BNP/NT-proBNP in predicting 90-day death or re-
hospitalization due to cardiovascular causes. Survivors were 
found to have median MR-proADM level of 0.84 nmol/L 
compared to non-survivors-1.57 nmol/L (P<0.0001) (34). 
A follow-up study (38) to the BACH trial concluded that 
biomarkers that proved superior to natriuretic peptides 
in predicting 14-day mortality were Copeptin and MR-
proADM. Furthermore, combining MR-proADM and 
copeptin in predicting 14-day mortality achieved the best 
AUC of 0.818 (38). Klip et al. (39) examining the prognostic 

Table 1 Diagnostic Utility of MR-proANP As Compared to BNP in the Biomarkers in Acute HF (BACH) Trial

MR-proANP (>120 pmol/L) BNP (>100 pg/mL)

Sensitivity 95.56% 96.98%

Specificity 59.85% 61.90%

Adapted from: Maisel A, Mueller C, Nowak R, et al. Mid-region prohormone markers for diagnosis and prognosis in acute dyspnea: 
results from the BACH (Biomarkers in Acute HF) trail. J Am Coll Cardiol 2010;55:2062-76



151Cardiovascular Diagnosis and Therapy, Vol 2, No 2 June 2012

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2012;2(2):147-164www.thecdt.org 

potential of MR-proADM in patients developing HF after 
AMI demonstrated that those with elevated MR-proADM 
levels had a threefold increased risk of all-cause mortality. 

Numerous studies conducted over the last decade 
have expanded our knowledge regarding the role of 
adrenomedullin in prognosticating patients with acute and 
chronic HF. Although the data suggests that MR-proADM is 
a robust marker in predicting mortality in patients with HF, 
further evidence determining its superiority to benchmark 
markers such as natriuretic peptides is warranted. 

Markers of myocyte remodeling

ST2

ST2, an inflammatory cytokine and member of the interleukin 
(IL–1) receptor family, appears to predict mortality and heart 
failure in patients with acute MI and may play a vital role 
in cardiac pathophysiology (40-45). ST2 is thought to be 
involved in modifying immunologic processes, specifically 
mediated by T-helper 2 lymphocytes (46). Interleukin-33, a 
hormone which may protect against LVH and myocardial 
fibrosis (43) has recently been identified as the ligand 
for ST2 (42). The interaction between IL-33 and ST2L 
is necessary for the protective effect of IL-33 making it 
counterintuitive that high levels of sST2 have a deleterious 
effect. Because sST2 lacks both the transmembrane and the 
intracellular domains of its membrane-bound counterpart 
ST2L, excess levels of sST2 bind and neutralize IL-33 
without subsequently activating the beneficial signaling 
cascade. In this way, sST2 acts as a decoy receptor, limiting 
the availability of IL-33 to bind and activate the protective 
effects of ST2L (44,45). 

The PRIDE study found that in those presenting to the 
ED with dyspnea, ST2 levels were significantly higher in 
those diagnosed with acute HF versus those without (47). 
Higher median concentrations of ST2 were seen in patients 
with ADHF plus impaired left ventricular systolic function 
than those with non-systolic HF. ST2 was demonstrated to 
be at least as predictive of death as NT-proBNP. Even in 
patients with elevated values of NT-proBNP, the majority 
of events occurred in subjects with elevated ST2 levels at 
presentation. Patients with elevated levels of both ST2 and 
BNP are at a considerably high risk of death compared with 
patients with none or with only one marker elevated (47,48).

As shown by Shimpo et al. (49), serum ST2 levels are 
important predictors of death and heart failure in patients 
presenting with ST-elevation myocardial infarction 
(STEMI). For the combined cohort of 810 patients in the 

TIMI-14 and ENTIRE-TIMI-23 trial with acute MI, 
baseline levels of ST2 were significantly higher in those 
patients who died or developed new congestive heart failure 
by 30 days. Moreover, in an analysis by quartiles of ST2, the 
risk of death and the composite of death or congestive heart 
failure increased in a graded stepwise fashion with higher 
levels of ST2. Overall, serum ST2 may be of prognostic 
value in assessing risk for heart failure and death.  

Growth differentiation factor-15

GDF-15 is a member of the transforming growth factor 
beta-cytokine superfamily and has been recognized as a 
potential biomarker of HF (50). GDF-15 is expressed at its 
highest levels in the liver (51), but under conditions of stress 
in the heart such as inflammation, GDF-15 is released by 
cardiac myocytes, with a normal circulating concentration 
of <1,200 ng/L (52-54). GDF-15 exhibits protective effects 
in the heart by inhibiting apoptosis, hypertrophy, and 
adverse remodeling in the injured heart (55). Overexpression 
of GDF-15 is also associated with other conditions 
including certain cancers, pregnancy (56), atherosclerosis, 
and vascular injury (57).

In post-MI patients, GDF correlates with NT-proBNP 
and together increased risk of death or HF above other 
clinical factors, even allowing patients to be stratified into 
high, medium, and low risk groups (58). GDF-15 appears to 
have a graded relationship with all-cause mortality (54,55). 
Higher levels of GDF-15 on admission had higher death 
rates at 1 year: those in the >1,800 ng/L range had a 14% 
death rate compared with 5% death (59). In the Val-HEFT 
study, elevated GDF-15 was associated with an increased risk 
of mortality or a first morbid event in those with symptomatic 
heart failure. Combined with BNP and TnT, GDF-15 allowed 
patients to be categorized into subgroups with very different 
risks of adverse events (ischemic vs. non-ischemic) (60). Higher 
levels were associated with features of worse heart failure 
and biomarkers of neurohormonal activation, inflammation, 
myocyte injury, and renal dysfunction (60).

In patients with stages A-C of early HF, GDF-15 was 
elevated compared to healthy controls, progressively 
increased with worsening heart disease, and correlated 
with several echocardiographic variables of structural 
abnormality (61). GDF-15 can be used to identify those 
patients who have HF with a preserved ejection fraction 
(HFpEF) (62). GDF-15 may also help distinguish between 
patients with normal diastolic function and patients with 
asymptomatic LV diastolic dysfunction (63). 
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Overall, GDF-15 is valuable as both a prognostic and 
diagnostic marker in HF, although its lack of specificity 
makes it unable to be used as a lone biomarker for HF. 
GDF-15 should be used in combination with other clinical 
factors and indicators for more specific information.

Galectin-3

Inflammatory and fibrotic processes are central to cardiac 
remodeling and the development of HF. Galectin-3, 
secreted by activated macrophages, causes cardiac fibrosis 
via proliferation of cardiac fibroblasts and deposition and 
irreversible cross-linking of collagen I in myocytes (64). 
Recent examinations of galectin-3 in the context of HF 
have revealed the potential clinical value of galectin-3 as 
a prognostic indicator (65-67). Most commonly known 
for its regulation in inflammation, immunity, and cancer, 
galectin-3 may be a player in cardiac pathophysiology and 
act as surrogate indicator of cardiac remodeling and fibrosis 
apparent in HF (67).

In the PROVE IT-TIMI 22 study (65), higher galectin-3 
levels in patients hospitalized for ACS showed a positive 
graded relationship with the development of HF. After 
adjustment for prior HF, prior MI, hypertension, and 
diabetes, this correlation remained significant, though 
accounting for BNP slightly attenuated the relationship (65). 
In the COACH trial, doubling of galectin-3 was associated 
with twice the risk of death or rehospitalization over a mean 
follow-up period of 18 months. Those with NYHA class 
III and IV had higher galectin-3 than NYHA II patients 
(P<0.001). Galectin-3 was also found to be correlated with 
the inflammatory cytokines CRP, interleukin-6 (IL-6), and 
vascular endothelial growth factor (VEGF) (66). In another 
study, plasma galectin-3 was not very valuable in the diagnosis 
of HF, but had strong prognostic value in the prediction of 
death and recurrent HF within 60 days (68). 

Expression of galectin-3 appears to occur before evident 
HF and thus may be more useful to predict and prevent 
disease. Ideally, future applications of galectin-3 may be to 
classify and risk stratify the type of HF into “remodeling” 
(high risk) and “non-remodeling” (low risk) to help 
physicians tailor their treatment plans accordingly.

Markers of myocyte injury

High sensitivity troponin

Patients with acute HF often have ischemic events as the 

predominant cause (69). When comparing high sensitive 
cTnI and NT-proBNP to cardiac troponins measured using 
conventional assay in 258 patients with congestive HF 
(EF<45%), high sensitive cTnI (>0.03 ng/mL, P=0.016) 
and NT-proBNP (>627 pg/mL, P=0.0063) were single 
best independent prognostic predictors where as cardiac 
troponins (>0.03 ng/mL) measured using conventional 
assays was not. On multivariate analysis in predicting 
mortality, those with elevated high sensitivity cTnI and 
NT-proBNP had a hazard ratio of 5.74 (P<0.0001) (70).

High sensitivity assays have certainly improved 
diagnostic capabilities in patients presenting with acute 
HF. In a study done by Xue et al. (71) in 144 acute HF 
patients demonstrated that those with troponin I levels 
>23.25 ng/mL were at increased risk of mortality and HF-
related readmission (P=0.003) and elevated troponin I and 
BNP had the highest combined event rate of 39% (71). 

Several studies have assessed the importance of measuring 
high sensitive cardiac troponins that are detected in the 
serum in patient with stable-chronic HF in order to establish 
prognostic potential and future cardiovascular events (72,73). 

The utility of cardiac troponinT (cTnT) in detecting 
sub-myocardial injury was demonstrated by Miller et 
al. (73) in 172 asymptomatic patients with class III and 
IV HF. Results revealed that in patients with consistently 
elevated troponin levels (>0.01 ng/mL) even in the absence 
of clinical symptoms were at an increased risk of mortality 
and cardiac transplantation. 

The advent of high sensitive assays has made it easier to 
detect previously undetectable levels of cardiac troponins. 
Latini et al. (74) demonstrated elevations in high sensitive 
assay cardiac troponin T (Hs-cTnT) in 90% of participants 
with a 35.6% associated mortality risk (P<0.0001). 
Furthermore, the addition of BNP and/or Hs-cTnT improved 
prognostic potential in patients with chronic HF. Expanding 
on the role of NPs and cTn in risk stratification of chronic HF 
patients, Tsutamoto et al. (75) demonstrated that elevations 
in NT-proBNP (>627 pg/mL) and Hs-cTnI (>0.03 ng/mL) 
carried the highest risk of mortality (P<0.0001). 

Pascual-Figal et al. (76) demonstrated that in 107 patients 
hospitalized with ADHF, sST2, high sensitive troponin 
T and NT-proBNP were all independently predictive of 
higher risk of death and 1-year mortality and measuring 
their levels individually or in combination may provide 
additional prognostic information in patients with ADHF. 

Cardiac troponins measured using high sensitive assays 
have proved to be superior to conventional assays. Future 
studies may benefit from exploring the importance of serial 
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monitoring of high sensitive troponins in larger populations 
with emphasis on accurate interpretation of troponin levels 
in order to detect all patients with myocardial injury and 
heart failure. 

Markers in comorbidities associated with HF

Neutrophil gelatinase-associated lipocalin

Neutrophil gelatinase-associated lipocalin (NGAL) is a 
protein of the lipocalin family that consists of polypeptide 
chain of 178-amino-acids with a molecular mass of 25 kDa. 
It is expressed by neutrophils and various epithelial cells 
(77,78). Being an acute phase protein its expression is up-
regulated under diverse conditions (79-82).

There is evidence that NGAL is one of the earliest 
kidney biomarkers of nephrotoxic and ischemic injury in 
animal models and is elevated in the urine and blood of 
humans soon after acute kidney injury (AKI) (83). NGAL 
has gained attention as a structural biomarker in the urine 
and plasma for an early AKI diagnosis and for the prediction 
of clinical outcomes including mortality and the need 
for renal-replacement therapy. Serum and urine levels of 
NGAL have been studied in both chronic and acute HF and 
have shown much superior performance to serum creatinine 
in the rapid and early detection of acute kidney injury (84-86).

Chronic HF patients  have been found to have 
significantly higher levels of both serum and urine NGAL 
when compared with control subjects, despite having only 
modest reductions in estimated glomerular filtration rates 
(eGFR) (84,85,87-89). Damman et al. (90) demonstrated 
that urinary NGAL was significantly associated with 
primary outcome after adjustment for risk factors and 
clinical variables (P=0.042). This relationship remained 
significant even in those with normal GFR. Perhaps urine 
NGAL is a better marker of prognosis in chronic HF 
patients due to the fact that these patients have a high risk 
of cardiorenal insults from not only prerenal decreases in 
renal blood flow but also from nephrotoxic therapies such 
as diuretics. 

NGAL also seems to have a role as a biomarker in 
cases of acute HF. In the (OPTIMAAL) study done by 
Dickstein et al. (91) in a subgroup of 236 patients with acute 
HF following MI, serum NGAL levels were found to be 
elevated both at baseline and on followup in patients with 
NYHA class III (vs. NYHA I/II). Patients with baseline 
serum NGAL levels above the median showed a trend to 
higher incidence of the composite endpoint of nonfatal MI, 

CV death, all-cause death, and stroke.
The recent GALLANT study (92) demonstrated the 

prognostic utility of plasma NGAL along with BNP in 186 
patients with ADHF. Patients with higher NGAL levels had 
significantly more HF-related adverse outcomes in 30-days 
than those with lower levels (134 vs. 84 ng/mL; P<0.001) 
and those with elevations in both NGAL and BNP were 
at significant risk for HF events (P=0.006) as was also the 
case for those with high NGAL but low BNP (P=0.036). 
These results suggest that using both markers can serve as 
powerful tool in the risk stratification for those with acute 
HF (92).

Future research can benefit by further exploring the 
role of NGAL in combination with NPs in order to reduce 
diuretic overuse and timely discharge patients with acute 
and chronic HF. 

Procalcitonin

In the ED, the diagnosis and management of patients 
suspected of HF presenting with dyspnea can be an 
incredible challenge if pneumonia is present. Low sensitivity 
and specificity of clinical symptoms/ signs and chest X-ray 
imaging make it difficult to distinguish cardiac from non-
cardiac dyspnea (93). 

Procalcitonin (PCT) is a serum calcitonin precursor and 
has been shown to be elevated in both gram-positive and 
gram-negative bacterial infections while being attenuated 
in viral infections (93-96). Studies suggest that PCT levels 
strongly correlate with the severity of infections and are 
thus able to guide antibiotic therapy in patients with 
respiratory tract infections (96). 

The recently conducted follow-up study to the BACH 
trial (97) demonstrated the diagnostic utility of PCT in 
1,641 patients presenting with dyspnea to the ED. PCT was 
significantly associated with all-cause 90-day mortality in 
those with acute HF (P=0.0024) and was found to be very 
useful in guiding antibiotic therapy in those with pneumonia 
and acute HF. When divided into groups based on PCT 
levels, various survival trends were found. Those with PCT 
>0.21 ng/mL not treated with antibiotics had lower survival 
rates (P=0.046). Moreover, those with PCT <0.05 ng/mL, had 
increased mortality if receiving antibiotic therapy (P=0.049). 

While these results need to be validated in a large 
randomized control trial, early indications imply PCT 
could be a valuable diagnostic marker in patients with 
undifferentiated dyspnea presenting to the ED able to 
diagnose pneumonia and guide antibiotic treatment.
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Inflammatory markers in heart failure

Inflammatory markers have been identified as potential 
indicators of heart failure and future adverse events. 
Proinflammatory cytokines may represent a class of 
biological mediators that are activated in CHF, akin to but 
distinct from neurohormones and the natriuretic peptide 
pathways. Plasma levels of these inflammatory markers are 
useful in prediction of new heart failure as well as in risk 
stratification of established heart failure.

IL-6

IL-6 is a pleiotropic cytokine with a broad range of humoral 
and cellular immune effects (98-102). IL-6 is produced not 
only by immune cells and immune accessory cells but also by 
cardiovascular components, such as endothelial cells, vascular 
smooth-muscle cells, and ischemic myocytes (103-106). 
Elevated levels of IL-6 have also been found in patients 
suffering from acute and chronic heart failure. Raised levels 
of IL-6 correlate with severity of NYHA functional class, 
lowered ejection fraction, and are associated with poor 
prognosis (107-110). Pudil et al. (111) explored the prognostic 
role of IL-6 in patients presenting with acute decompensated 
heart failure (ADHF). Plasma levels of IL-6 were found to be 
significantly elevated in patients with ADHF as compared to 
normal controls. Significant positive correlations were also 
found between plasma IL-6 and NT-proBNP levels. Both 
remained strong independent predictor of 1-year mortality. 

In another study (112), Maeda et al. demonstrated that 
among the neurohumoral factors and cytokines measured 
at baseline and three months after optimized treatment for 
heart failure, only sustained high levels of BNP and IL-6 at 
three months are independent risk factors of mortality in 
patients with CHF, despite improvements in left ventricular 
ejection fraction and symptoms.

Fas (Apo 1)

Fas, also called apoptosis antigen-1 (Apo1), is a member of 
the TNF family, which mediates apoptosis. Fas is found in 
various tissues including the thymus, liver, ovary, lung and 
heart (113-115). In cardiomyocytes, Fas is upregulated as 
a result of apoptotic cell death due to hypoxia (115) and 
overstretching (116). A soluble form of Fas (sFas) lacking 
transmembrane domain was also found in serum of human 
subjects (117) & is thought to be increased in patients with 
cardiovascular diseases.

Okuyama et al. found that the circulating sFas level was 
higher in 61 patients with varying degrees of CHF and 
actually increased in relation to severity of CHF (118). It 
was also demonstrated that sFas was related to soluble forms 
of the similar receptor family, sTNF-R1 and sTNF-R2 and 
may play an important role in determining severity of CHF. 
Tsutamoto et al. (119) investigated the relationship between 
plasma levels of cardiac natriuretic peptides and those of 
sFas and TNF-α. In 96 patients with HF, they found no 
significant correlation between sFas levels and those of ANP 
or BNP. Plasma levels of sFas were significantly higher in 
patients with severe CHF than in patients with mild CHF. 
Also, stepwise multivariate analysis demonstrated that high 
levels of sFas and BNP and a low ejection fraction were 
independent significant prognostic predictors. This study 
clearly demonstrated that patients with high sFas levels 
had a significantly higher death rate than those with low 
sFas levels and plasma sFas is a useful prognostic marker in 
pathogenesis of CHF.

TNF-α

Tumor necrosis factor alpha, a classic biomarker of 
inflammatory processes, has displayed clinical utility as a 
marker in cases of heart failure (120). In fact, myocardial 
TNF-α and its receptors (type 1 and type 2) are intricately 
involved in the pathogenesis of HF. Specifically, excessive 
expression of TNF-α and type-1 receptor stimulation can 
lead to cardiac hypertrophy, fibrosis, contractile dysfunction 
and apoptosis while lower TNF-α and type-2 receptor 
activation is cardioprotective (121). A study of 1200 HF 
patients found that TNF-α levels were related directly to 
NYHA stage and higher levels were associated with poorer 
prognosis (122). A more recent study found that in those 
with recently diagnosed HF, TNF-α level were associated 
with abnormal left atrial function and advanced left systolic 
and diastolic dysfunction (123). Interestingly, soluble type-
1 TNF-α receptor was the only independent predictor 
of future HF or death after adjustment for clinical and 
baseline characteristics in a study of patients with recent 
MI (124). While much of the research on TNF-α and HF 
is promising, most clinicians would seem to demand a 
biomarker more specific to the HF disease process.

CRP

Another classic marker of inflammation, the acute phase 
protein C-reactive protein (CRP) has been associated with 
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presence of heart failure (125-128) and cardiovascular risk 
(129). Several studies to date have examined what role, CRP 
may play in cases of HF. Cesari et al. demonstrated that 
elevated CRP values in elderly patients can predict future HF 
onset (128). A large study by Engstrom et al. on members of the 
general population found that those with a CRP ≥3 mg/L were 
twice as likely to be hospitalized with HF over a mean follow-
up of 13 years (130). Unfortunately, CRP lacks specificity to 
HF and cardiovascular disease, perhaps even more so than 
TNF-α. CRP's correlation with functional parameters such 
as EF has been inconsistent however as some studies have 
found significant correlation whiles other haves not (131). 
CRP may have some clinical use in cases of HF, but it is not 
an ideal biomarker for the disease.

Pentraxin-3

Pentraxin-3 (PTX3), a member of the pentraxin family 
is believed to be a more specific marker of vascular 
inflammation than CRP and other members of its family 
(132). PTX3 has also been shown to predict unfavorable 
clinical outcomes in those with HF (133,134). A recent 
study by Matsubara et al. (135) demonstrated that PTX3, 
TNF-α and IL-6 but not hsCRP were elevated significantly 
in those with HFPEF (HF with preserved EF) but not in 
those without HF (136). Furthermore, multivariate analysis 
showed that only elevated PTX3 among inflammatory 
markers correlated with HFPEF (P<0.01) and in those 
with LV diastolic dysfunction but without HF (P<0.05). 
Another study demonstrated that patients with stable CAD, 
PTX3 had a HR of 1.5 (P=0.21) after adjustment for eGFR; 
perhaps showing some merit in this study population (132). 
Research so far indicates that PTX3 could be a significant 
marker of vascular inflammation, diastolic dysfunction and 
HF. Large randomized controlled trials are necessary to 
confirm and elaborate on these early findings.

Myeloperoxidase

Myeloperoxidase (MPO) is an enzyme derived from 
leukocytes and endothelial cells that catalyzes the creation 
of several reactive oxidant molecules (including LDL 
oxidation) and contributes to endothelial dysfunction 
by reducing levels of nitric oxide (136-138). It has 
demonstrated prognostic value in cases of ACS and chest 
pain (139-141) and has recently been studied successfully in 
cases of HF demonstrating positive correlation with both 
NYHA stage and diastolic dysfunction (142,143). In a study 

of 140 patients with chronic systolic HF, the combination 
of MPO and BNP increased the prognostic accuracy of 
future events to AUC 0.70 (P=0.0004) compared to AUC 
0.66 (P=0.0003) for BNP alone (144). Tang et al. came 
across an interesting finding when examining a population 
of 3,733 healtly elderly subjects: the relation between HF 
risk and elevated MPO was greater in patients without 
traditional risk factors (i.e. systolic BP <136 mmHg, age 
<75, no diabetes) (137). This could be a valuable utility in 
clinical situations as current screening methods do not have 
the ability to risk stratify those lacking traditional CV risk 
factors. With further research, MPO could perhaps fill this 
void and help countless clinicians better manage HF risk. 

Markers of neurohormonal activation

Norepinephrine; renin-angiotensin-aldosterone 
system; endothelin-1/CT-proET-1

Heart failure has long been considered to be primarily a 
hemodynamic disorder, in which heart pumps insufficient 
blood and characterized by symptoms of congestion. In recent 
years, neurohormonal activation has been found in heart 
failure, particularly of the sympathetic nervous system (145,146) 
and the renin-angiotensin-aldosterone system (147). However, 
the utility of neurohormones as diagnostic or prognostic 
biomarkers in heart failure is varied, particularly due to the 
influence of blocking agents commonly used in heart failure, 
including beta-blockers, ACE inhibitors, and aldosterone 
receptor blockers (ARBs) (148).

Increased levels of plasma and urinary excretion of 
norepinephrine were found to be independent predictors 
of mortality (145) and led to the investigation of the 
deleterious effects of neurohormonal activation present in 
HF (146). In the Val-HeFT trial, the prognostic utility of 
BNP, norepinephrine, renin activity (PRA), aldosterone, 
and endothelin were compared in 4,300 patients with 
stable heart failure of NYHA II-IV severity. Aside from 
BNP, which was most strongly associated, in multivariate 
analysis norepinephrine was the only marker significantly 
associated with poor outcome after an average follow-
up period of 23 months (149). However, Givertz and 
Braunwald comment that the use of norepinephrine as a 
routine clinical biomarker is impractical given the need for 
high-performance liquid chromatography, and thus is not 
a marker to be relied on particularly at points of care (150). 
In the VERITAS study, CRP, BNP-32, endothelin-1, and 
norepinephrine among other markers were measured at 
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baseline, 24 and 48 h and 7 and 30 days in patients with 
acute heart failure. On univariate analysis, CRP, BNP 
and endothelin-1 predicted worse outcomes at 30 days; 
on multivariate analysis, only CRP and BNP were found 
to be significantly associated with this outcome. After 
consideration of other variables including age, baseline 
blood pressure, serum sodium and creatinine, only age and 
BNP were significant (151).

In an examination of the predictive value of plasma renin 
activity (PRA) among other neurohormone biomarkers, 
ejection fraction, NT-proBNP, and PRA were independent 
predictors of cardiac death in those with heart failure. 
Elevated levels of both NT-proBNP and high PRA 
indicated greatest risk of cardiac death. Overall, PRA 
resulted to be an independent prognostic marker in those 
with systolic heart failure, and added prognostic value to 
NT-proBNP and ejection fraction. PRA may be most useful 
in identifying those needing better therapy, particularly 
RAAS blockade (152). 

Endothelin-1, a potent vasoconstrictor and potentiator 
of sympathetic neurohormones produced in the endothelial 
cells of blood vessels, is also a marker of sympathetic 
activation. Plasma levels of both endothelin-1 and its 
precursor, big endothelin-1, are increased in heart failure and 
correlated with pulmonary artery pressure, disease severity, 
and mortality (153,154). A recently identified stable surrogate 
marker of endothelin-1, C-terminal pro-endothelin-1 (CT-
proET-1), has also been suggested as a prognosticator. In 
a recent study on outcomes in 3,717 patients with stable 
coronary artery disease, after adjustment for clinical 
cardiovascular risk predictors and ejection fraction, elevated 
levels of CT-proET-1 as well as MR-proANP and MR-
proADM were independently correlated with risk of cardiac 
death or heart failure (155). In another sample of 491 
patients with systolic heart failure, increasing CT-proET-1 
was correlated with increased mortality at 12 months (156). 
However, endothelin-1 or CT-proET-1 has not yet become 
an established marker of prognosis (157). Furthermore, 
recent investigations into endothelin-1 receptor blockers as 
a potential therapy have not demonstrated significant clinical 
benefits or preventive effects (154,157).

Overall, due to clinical impracticality and widespread use 
of diuretics and neurohormonal blockade, norepinephrine, 
angiotensin, and aldosterone are not ideal prognosticators 
of disease. Renin may prove to be useful in assessing the 
effectiveness of neurohormone blockade therapies. CT-
proET-1 may be an emerging biomarker with prognostic 
potential, though further research is necessary. 

AVP/Copeptin

Arginine vasopressin, released from the posterior pituitary 
and a major player in fluid homeostasis, is also noted to be 
2-3 times higher in heart failure patients (158). However, 
AVP as a biomarker has not been used due to short half life 
and impracticality in measuring. The precursor of AVP, 
preprovasopressin, is also the parent hormone to a more 
stable fragment, C-terminal proAVP or copeptin (159). 
Copeptin is stable in serum at room temperature, is quicker 
to assay, and is generally a robust surrogate marker of AVP.

Several studies recently have indicated the possible 
prognostic value of copeptin in heart failure patients. In 
the BACH trial, copeptin was associated with significantly 
worse outcomes including increased mortality, readmissions, 
and emergency department visits at 90 days, particularly in 
those with hyponatremia. Copeptin was highly prognostic 
for adverse events and added prognostic value to clinical 
indicators, natriuretic peptide markers, and serum sodium 
(160). In another recent study done in Danish heart failure 
clinic on 340 patients, copeptin was found to be a significant 
predictor of hospitalization or death but did not predict 
mortality independent from NT-proBNP (161). Copeptin 
has also been shown to be associated with NYHA functional 
class and was the strongest predictor of mortality in patients 
with class II or III heart failure. In this study, copeptin was 
stronger than BNP and NT-proBNP, but they appear to be 
closely related (162).

Copeptin as a surrogate marker of AVP appears to be an 
emerging biomarker with good prognostic potential and 
may add information to natriuretic peptide biomarkers. 

 

Matrix metalloproteinases

As mediators of collagen metabolism and extracellular 
matrix (ECM) homeostasis (163), the extensive matrix 
metalloproteinase family has rightly come to the attention 
of researchers seeking biomarkers for heart failure. Some 
precursors to clinical HF such as LVH involve ventricular 
remodeling and the enzymes behind this pathophysiology 
can offer unique insight into the disease process and HF 
risks within each individual (164). 

The strength of MMP’s as biomarkers may come from 
their diversity. They are organized into several different 
classes such as the collagenases (MMP-1, MMP-8), the 
gelatinases (MMP-2, MMP-9) and the stomelysins (MMP-
3, MMP-7) (162). These enzymes have been analyzed 
individually to varying degrees of success. For example, 
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MMP-2 has been suggested to be more useful than BNP in 
the identification of HFPEF (165), while its fellow gelatinase 
MMP-9 was found to be inferior to both BNP as a marker of 
remodeling (166) and to tissue inhibitor of MMP-1 (TIMP-1) 
as a predictor of mortality in those with chronic HF (167).

While stand-alone marker results for MMP’s have varied, 
there may be strength in numbers as far as the utilization 
of a MMP biomarker panel. In a study of 144 subjects with 
LVH but no HF, Zile et al. found that panels of MMP's 
along with clinical covariates (such as BP, age, sex, BMI) 
performed better than individual markers, clinical covariates 
alone or NT-proBNP alone. Specifically, for detection of 
LVH, the panel of MMP-7, MMP-9, tissue inhibitor of 
MMP-1 (TIMP-1), collagen III N-terminal polypeptide 
(PIIINP) and NT-proBNP when combined with clinical 
covariates had an AUC of 0.80 (164). Similar success was 
found in individuals with LVH that had progressed to 
HFPEF (164). The authors suggest that panels such as these 
could better reflect the complex pathophysiology occurring 
in cases of ventricular remodeling and allow those at early 
stages of these changes to be identified before the progression 
to overt HF or before the worsening of existing HFPEF. 

Panels such as these, if validated could become a 
powerful tool in identifying risk and simplifying the 
diagnosis of a condition (HFPEF) that currently requires 
costly investigations and subspecialist interpretations. 

Conclusions

Table 2 shows a hypothesized strength of evidence table 

for different biomarkers based on a review of previous 
supporting literature. Cardiac biomarkers with their 
objectivity, reproducibility and accessibility are excellent 
adjuncts to physical examination and imaging studies in 
HF diagnosis and risk stratification. With advances in 
medical research, new biomarkers representing different 
physiological processes continue to emerge, providing an 
ever clearer risk profile for patients with HF. Biomarkers 
not only serve as traditional predictors of prognosis, 
they can also help to identify high-risk patients who 
need closer monitoring and more aggressive therapy. By 
continually enhancing our understanding of underlying 
pathophysiology of HF, improving our ability to identify 
high risk patients, and helping us to tailor therapies to an 
individual’s unique risk profile, biomarkers will undoubtedly 
improve the effectiveness of HF therapy and lead to better 
patient outcomes.
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