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Abstract In recent years, numerous biomarkers have

been studied in heart failure to improve diagnostic accu-

racy and identify patients at higher risk. The overall out-

come remains fairish despite improvements in therapy,

with mean survival after first hospitalization, around

5 years. We therefore need surrogate end points to better

understand the pathogenetic mechanisms of the disease,

including interplays with other organs. The kidney plays an

important role in the initiation and progression of HF, and

around one-third of patients with HF show some degree of

renal dysfunction. In addition, treatment for HF often

worsens renal function, consequently to hemodynamic and

clinical improvement do not correspond an effective

improvement in HF prognosis. Association between HF

and renal impairment (RI) is now classified as cardiorenal

syndrome (CRS) pointing out the bidirectional nature of

this vicious circle leading to a mutual and progressive

damage of both organs. The clinicians can rely on circu-

lating biomarkers that give insights into the underlying

pathogenetic mechanisms and help in risk stratification.

Recently, a multimarker strategy including biomarker tool

to traditional risk scores has been purposed and applied:

Although each biomarker provided incremental outcome

benefit, the combination of multiple biomarkers should

offer the greatest improvement in risk prediction. Natri-

uretic peptides (NP) and cardiac troponins (TN) are the two

biomarkers most studied in this setting, probably because

of their organ-specific nature. However, both NP and TN

cutoffs in presence of renal dysfunction need to be revised

and discussed in relation to age, gender and stage of RI. In

this context, the biomarkers are a unique opportunity to

elucidate pathophysiological mechanisms, tailor clinical

management to the single patient and improve outcomes.

Specific studies about the exact role of biomarkers as in HF

as in CRS should be planned and considered for future

trials.
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Introduction

Heart failure (HF) has an important impact in the health-

care system, and its incidence is raising in the elderly

people. It is estimated that HF currently affects 0.4–2 % of

the general population. The prevalence of HF in people

over 65 years of age is ranging from 6 to 10 % [1, 2].

Heart failure is a complex, progressive pathophysio-

logical condition that is primarily triggered by an initial

cardiac dysfunction and fueled by a vicious circle between

compensatory neurohormonal activation and progressive

cardiac remodeling. Many factors including myocardial

dysfunction, renin-angiotensin-aldosterone system activa-

tion (RAAS), nervous sympathetic overdrive (SNS),
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endothelin, vasopressin and inflammatory systems spillover

contribute to HF impairment and plasma volume retention.

Its clinical presentation depends on hemodynamic status,

primary cardiac disorder, systemic pressure and organ

perfusion/damage [3, 4]. Among the organs affected in the

HF syndrome, the kidneys represent one of the most

important targets. Both organs concur to maintain the hy-

drosaline homeostasis and cardiocirculatory equilibrium

through several autocrine and paracrine mechanisms. For

this reason, it is not surprising that one-third of patients

with HF show renal dysfunction and that during acute

phases and re-hospitalization, around 50 % of them expe-

rience a worsening renal function (WRF) [5, 6]. Associa-

tion between HF and RI is now classified in academic way

as cardiorenal syndrome (CRS) pointing out the bidirec-

tional nature of the heart/kidney interaction, as the

enhancement of this vicious circle leading to progressive

damage and dysfunction. Despite their high prevalence and

mortality, HF and CRS remain poorly defined and vastly

understudied [7]. A description of heart-kidney interaction

is critical to the understanding of the overall burden of

disease for each of the proposed CRS subtypes, their nat-

ural history, associated morbidity and mortality and

potential health resource implications. In this sense, bio-

markers should help to categorize and identify underlying

causal mechanisms and their associated risk profile [8].

Early diagnosis is very important for therapy optimization

and to improve the outcomes. The ability to recognize

cardiac insufficiency at an early stage as well as other

organs’ involvement and eventual comorbidities depends

on the specificity, sensibility and accuracy of the tools

used. For this reason, there is an increasing interest in the

development of new biomarkers. The role of circulating

biomarkers in patients with cardiovascular diseases has

grown exponentially over the last 10 years. Among the

variety of circulating biomarkers studied (cardiac injury,

adrenergic overdrive, inflammation and systemic organ

damage), the only two that have shown promising clinical

and prognostic impacts are the natriuretic peptides (NP)

and troponins (Tn) [9]. In this review, we will describe the

role of these two markers in the management of HF and

CRS; we will also briefly discuss about the potential

interest for other biomarkers in renal dysfunction and their

prognostic relevance.

Natriuretic peptides in heart failure

B-Type natriuretic peptide (BNP) and its precursors NT-

proBNP are hormones secreted predominantly by the

ventricles, and their circulating concentrations are elevated

in patients with chronic or acute HF. BNP is synthesized in

the cardiac myocyte as a reaction to ventricular and atrial

wall distension and stretching and neurohormonal activa-

tion. The cardiomyocytes synthesize a pre-propeptide (pre-

proBNP 134 amino acids) which is split into a signal

peptide and a propeptide (proBNP 108 amino acids).

During secretion, proBNP is split at a ratio of 1:1 into the

physiologically active BNP (32 amino acids), which cor-

responds to the C-terminal fragment, and the biologically

inactive N-terminal fragment (NT-proBNP, 76 amino

acids) [10]. NP convey a multitude of actions at the cardiac

and renal levels including vascular smooth muscle cell

relaxation, promotion of natriuresis and diuresis, direct

neurohormonal antagonism on the RAAS, as well as direct

myocardial effects. In concert, NP achieve a more favor-

able neurohormonal and hemodynamic state [11]. Elevated

peptide levels are directly correlated with prognosis, HF

symptoms, intraventricular pressure, pulmonary pressure

and inversely proportional to cardiac output [12].

Natriuretic peptides testing are now part of the current

Heart Failure Guidelines for their high sensibility and

accuracy in identifying patients with any degrees of cardiac

dysfunction [13]. Most of the early studies on BNP have

focused on the diagnostic role of plasma BNP and NT-

proBNP in patients with signs and symptoms of HF. In the

Multicenter Breathing Not Properly (BNP), the gold stan-

dard for HF diagnosis was adjudicated by two independent

cardiologists unaware of the laboratory results, who

reviewed all the clinical data and standardized scores. BNP

levels increased progressively with NYHA functional class.

Concentrations above 100 pg/mL diagnosed HF with a

sensitivity and specificity of 90 and 76 %, respectively, and a

diagnostic accuracy of 81 % in patients admitted to the

emergency department for dyspnoea [14]. Maisel et al.

showed that BNP measurement together with clinical eval-

uation versus clinical assessment alone reduced the recovery

period and the total cost of treatment. Similar findings were

reported by Lainchbury et al. showing that concentrations of

NT-proBNP were considerably higher among patients with

acute HF compared with those who had a dyspnea due to

other causes. Importantly, in this and in subsequent trials of

patients with acute symptoms, the optimal NT-proBNP

concentration for diagnosis of acute HF was considerably

higher than those observed with outpatients. In this study,

investigators compared the NT-proBNP assay (Roche

Diagnostics, Indianapolis, IN, USA) with the Biosite BNP

assay (SanDiego, CA, USA) and demonstrated identical

areas under the receiver-operating characteristic (ROC)

curve (0.89 for both), demonstrating equivalence of the 2

assays for the evaluation of the patient with acute symptoms

[15]. Several multicenter studies confirmed the important

role of NP in the HF diagnosis and its prognostic value [16,

17]. HF diagnosis often remains difficult, even with a com-

prehensive physical examination. Symptoms such as dysp-

nea or fatigue are non-specific and poorly sensitive
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indicators for early HF that can be largely undetected. The

discovery of natriuretic peptides NP as diagnostic bio-

markers has been one of the most critical advances for HF

diagnosis [18]. Clinicians have difficulty with appropriate

triage and disposition of HF patients, evidenced by a 90 %

admission rate nationwide. The REDHOT (Rapid ED Heart

Failure Outpatient Trial) study demonstrated this dissocia-

tion between clinical severity and BNP levels. Among the

patients admitted for acute heart failure (AHF), 11 % had

BNP levels of 200 pg/mL (66 % which were perceived as

NYHA III/IV), which conferred a 90-day mortality rate of 9

versus 29 % if levels were C200 pg/mL [19]. BNP mea-

surement before discharge was effective in predicting re-

hospitalization whereas a BNP \250 pg/mL on discharge

had favorable event-free outcomes, Thus, NP are not only a

good marker for the diagnosis of HF but is also an excellent

indicator of the severity of CHF as BNP values increase

linearly in relation to the stage [20].

Natriuretic peptides and outcome

Plasma BNP and NT-proBNP can provide useful infor-

mation in addition to clinical assessment and imaging, in

the risk stratification and prognostication for patients with

chronic heart failure and especially to monitor those with

more severe stages [21]. Increased plasma BNP also

identifies patients at increased risk for sudden death and

may be a better predictor than other parameters, such as

ejection fraction or NYHA class [22].

The Acute Decompensated Heart Failure National

Registry (ADHERE) that recruited more than 48,000

patients with ADHF showed a positive linear relationship

between in-hospital mortality and levels of BNP, in both

systolic and diastolic HF [23]. BNP is an effective surro-

gate for congestion and, in patients with ADHF, is the

result of two components: a ‘dry’ BNP component, which

represents the patient’s true hydrations status (baseline

euvolemic level), and a ‘wet’ BNP component, which

represents volume overload. Patients with HF often present

with increased fluid volume and congestion [11, 24]. Both

information are collected by recurrent measurements so to

evaluate the exact timing volume and hemodynamic status.

NT-proBNP levels are related to hospital readmission and

death within 6 months. Therefore, NP potentially might

help clinicians in planning discharge of HF patients [25].

The first outcome data came from the Australia–New

Zealand Heart Failure Trial. In approximately 300 patients

with well-characterized chronic HF of ischemic etiology

(left ventricular ejection fraction, LVEF\0.45) randomized

to receive carvedilol or placebo, levels of NT-proBNP above

the median were associated with increased risks for new

decompensated CHF events [relative risk (RR) 4.7, 95 %

confidence interval (CI) 2.2–10.3] and all-cause mortality

(RR 4.7, 95 % CI 2.0–10.9) during 18 months of follow-up,

independent of age, NYHA functional class, LVEF, previous

myocardial infarction or previous HF admission. Moreover,

the importance of changes over time in natriuretic peptide

concentrations as a prognostic marker in patients with

chronic HF has been investigated. Even in less severe stages,

NP demonstrated to correlate with prognosis: In the Val-

HeFT trial, a single determination of NT-proBNP above

optimal prognostic cutoff value (1,078 pg/mL) at baseline

had the greatest prognostic accuracy (OR 0.702, 95 % CI

0.669–0.735, p \ 0.0001) [26]. Changes over time in the

concentration of the inactive fragment NT-proBNP are

similarly associated with outcome in patients with chronic

HF when expressed either as continuous absolute or relative

changes or as categorical changes across a threshold value

[27]. More recently, mid-regional pro-atrial natriuretic

peptide MR-proANP was tested in GISSI-HF trial: The

addition of MR-proANP improved net reclassification for

mortality when added to multivariable models based on

clinical risk factors alone [28].

Changes in NP levels can also predict left ventricular

remodeling after acute myocardial infarction and appear

directly associated with extension of scar measured by

magnetic resonance. BNP may reflect the functional sig-

nificance of myocardial damage and may be considered of

prognostic value. It has been related to volume wall stress

geometry and function during post-infarct period, and

therefore, it is able to predict anterior versus non-anterior

myocardial damage [29, 30].

The value of repeated determinations of NP levels

appears to be very important for monitoring the progres-

sion of heart disease and may help in evaluating the clinical

effects of medical therapy.

For instance, changes in NP levels during hospitalization

were independent predictors of hospital readmission within

6 months and the death of patients hospitalized for decom-

pensated HF. This result appears more relevant with respect to

the improvement in some echocardiographic parameters

(ejection fraction, diastolic volume). For the above reasons,

some authors propose BNP analysis for the clinical evaluation

and therapy guidance of HF. In a chronic outpatients’ group

STARS-BNP trial, it was clearly shown that a BNP-guided

strategy reduces the incidence of death and rehospitalization

for HF [31]. More definitive data were reported by Cohen-

Solal in acute HF: Patients with BNP reduction over 30 %

after therapy showed a significant reduction in mortality and

rehospitalization compared with non-responders [32]. A high

pre-discharge BNP measurement was an independent marker

of death or re-admission, and early treatment lowering BNP

level by 30 % was associated with improved survival. These

results suggest that the variation in BNP concentrations after

therapy for acute HF is independent and objective predictors

of therapy’s monitoring and outcome (Table 1).
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Troponin in heart failure

Cardiac troponins are integral parts of the cardiac muscle

infrastructure and play critical roles in excitation–con-

traction coupling. The release of intracellular proteins from

the damaged cardiomyocytes into the bloodstream is the

basis for estimating extent of cardiac damage through the

assay of circulating molecules and for the diagnosis of

acute myocardial infarction. The precise molecular mech-

anisms responsible for troponin release are not perfectly

understood but experimental data suggest that necrotic, and

perhaps also apoptotic myocytes, loose the sarcolemma

integrity and become permeable to troponin molecules.

This is supported by the relation between the extent of

cardiac injury (necrotic tissue at histological examination)

and circulating cardiac troponins [33, 34].

Cardiac myocyte cell death occurs at a very low but

continuous rate during physiologic aging (healthy indi-

viduals loose *1 g of myocardial tissue per year, corre-

sponding to 64 million cells) and contributes to the onset of

myocardial dysfunction in the elderly [35, 36]. Besides

acute coronary ischemia, circulating troponin elevation

may also occur in different pathophysiological situations.

Conditions like strenuous exercise, sepsis, exposure to

chemotherapeutic agents, decreased renal or respiratory

functions are associated with troponin elevation [37].

Concomitant diseases such as chronic pulmonary obstruc-

tive disease, diabetes or hypertension, frequently associ-

ated with HF, may contribute to elevated levels of

troponins in the blood. Impaired renal function is another

important determinant of troponin levels [38]. Circulating

cardiac troponin levels may also be elevated in diseased

skeletal muscle (myopathy), possibly after the re-expres-

sion of skeletal muscle troponin isoforms detected by the

antibodies used for troponin T assay [39]. Finally, the

neuroendocrine systems and inflammatory processes that

are chronically activated in patients with HF might con-

tribute per se to myocyte injury and cell death and thereby

to troponin release.

The first detection of cardiac troponins in the blood of

patients with HF was originally published in 1997 by two

independent groups [40, 41]. La Vecchia and collaborators

measured circulating cardiac troponin I (limit of detection

0.3 ng/mL) in a small group of patients with acute HF or

severely decompensated chronic HF and showed an asso-

ciation with clinical outcome. In 35 patients with severe

congestive HF, Missov documented ongoing myofibrillar

degradation and increased serum levels of troponin I with a

high-sensitivity assay (limit of detection 3 pg/mL). Since

then, the limit of detection has been lowered substantially

and new, highly sensitive troponin assays (in the range of

few ng/L) with good precision are now available. Circu-

lating cardiac troponins are now measurable with these

reagents in virtually all patients with acute or chronic HF

[42–45]. Troponin levels have a prognostic value in

patients with chronic and stable HF, even within a range of

concentrations previously not measurable with conven-

tional assays [46] (Table 2). In two large and multicenter

clinical trials (Val-HeFT and GISSI-Heart Failure), base-

line concentrations of troponin were associated with

adverse outcome in patients with stable HF and reduced

left ventricular systolic function [44, 47] independently of

demographic and clinical variables. They showed an

incremental prognostic accuracy compared to the bench-

mark biomarker natriuretic peptides [44]. There are far less

data on troponins in patients with chronic HF and pre-

served ejection fraction [48, 49]. Troponin testing also

helps in the risk stratification of patients with acute heart

failure syndromes where elevations are measured with

sensitive assays in almost all patients after exclusion of

criteria for acute myocardial infarction [50–53]. Troponin

elevation above the 99th percentile of a normal reference

population has consistently been associated with adverse

outcomes in chronic or acutely destabilized heart failure.

A simple circulating biomarker that could help in

monitoring the progression of acute or chronic HF would

be highly desirable for the clinical management in and out

of the hospital. Accordingly, numerous studies have

assessed the value of repeated measurements of troponin

levels over time in community-dwelling older adults [55],

in ambulatory patients with chronic [47, 56, 57] or acute

HF [50, 58]. Although the analysis and the interpretation of

serial measurements and changes over time of a biomarker

concentrations are challenging and not easily comparable,

most studies suggest that even small changes in troponin

have prognostic significance and may help to identify

patients at risk. However, the added value of serial mea-

surements of troponin over a single determination (in

particular the last available) or over other cardiac bio-

markers (in particular natriuretic peptides) seems to be

quite limited in several clinical contexts. The evidence

available so far does not support serial measurement of

troponins for risk stratification of patients with chronic HF,

until a full understanding of its implementation in clinical

routine will be gained [59].

Cardiorenal syndrome definition

Hospitalization for acute decompensated HF (ADHF) is

associated with high rates of morbidity and mortality.

Renal impairment (RI) is one of the most common asso-

ciated diseases in HF patients, and it has been increasingly

recognized as an independent risk factor for morbidity and

mortality. Data from several sources demonstrate that

approximately 20–40 % of patients with ADHF develop
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Table 1 Clinical trials regarding NP levels as prognostic indicators of adverse outcome in patients with HF

Study design Clinical setting Number

of

patients

NP (subtype, reagents and

measurement)

Outcome Main findings References

Multicenter

randomized

clinical trial

(ADHERE)

Patients

hospitalized

with acute

decompensated

HF

48,629 BNP and/or NT-proBNP

measured within 24 h of

presentation

In-hospital

mortality

Elevated admission BNP

level is a significant

predictor of in-hospital

mortality in acute HF

with either reduced or

preserved systolic

function, independent of

other clinical and

laboratory variables

Fonarow

et al. [22]

Multicenter

randomized

clinical trial

(ADHERE)

Patients

hospitalized

with ACS and

acute

decompensated

HF

48,629 BNP and/or NT-proBNP

measured within 24 h of

presentation

In-hospital

mortality

BNP

levels [ or = 840 pg/

mL and increased Tn

levels are adjunctive for

mortality prediction

Fonarow

et al. [23]

Single center

prospective

study

Hospitalized

acute HF

patients

163 BNP measured at

discharge

Patients were

followed up for

60 days for the

occurrence of

death/hospital

admission

Discharge BNP levels in

acute HF patients

reflected volemia and

disease severity;

Pimenta

et al. [24]

Persistently high BNP

levels during

hospitalization should

raise the possibility of

remaining congestion,

which could negatively

influence prognosis;

The utility of BNP as

prognostic marker in HF

may reside on its ability

to reflect multiple

underlying

pathophysiological

disturbances.

Single center

prospective

study

Patients

consecutively

admitted to

hospital

because of

decompensated

HF

182 NT-proBNP

measurement at

admission and at

discharge

The primary end

point was death

or readmission

within 6 months

Variations in NT-proBNP

levels are related to

hospital readmission and

death within 6 months;

Bettencourt

et al. [25]

NT-proBNP levels are

potentially useful in the
evaluation of treatment

efficacy and might help

clinicians in planning

discharge of HF patients

Multicenter

prospective

study

Patients with

chronic

ischemic (LV)

dysfunction

297 Plasma NT-proBNP was

measured before

randomization to

carvedilol or placebo,

added to established

treatment with a

converting enzyme

inhibitor and loop

diuretic (with or without

digoxin).

The patients’

clinical outcomes

including

mortality and

heart failure

events were

recorded for

18 months.

In patients with

established ischemic LV

dysfunction, plasma

NT-proBNP is

independent predictor of

mortality and heart

failure;

Richards

et al. [26]

Carvedilol reduced

mortality and heart

failure in patients with

higher pre-treatment

plasma NT-proBNP.
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renal impairment, defined on the basis of RIFLE (Risk,

Injury, Failure, Loss of kidney function, and End-stage

kidney disease) criteria [5, 60]. The broad range in the

reported incidence is largely attributable to the variability

in the definition of WRF, differences in the observed time-

at-risk and heterogeneity of study populations. However,

the most important randomized trials conducted in HF tend

to exclude patients with RI despite increasing recognition

of the prevalence and risks with this condition. In previous

study, glomerular filtration rate was the most powerful

predictor of poor prognosis and rehospitalization with a

greater significance than the NYHA class and left ven-

tricular ejection fraction [61]. There are many reasons to

recognize renal function in HF: the well-known clinical

impact of CKD in common cardiovascular diseases, the

high prevalence of this condition in HF and the need to

understand the relative benefits and risks of therapy with

this condition [62, 63]. Multiple mechanisms have been

proposed to explain the poor outcome in CHF patients with

renal insufficiency, including accelerated hypertension, left

ventricular hypertrophy, increased activation of the renin–

angiotensin system, reduced renal perfusion, diuretic

Table 1 continued

Study design Clinical setting Number

of

patients

NP (subtype, reagents and

measurement)

Outcome Main findings References

Multicenter

randomized,

placebo-

controlled,

double-blind,

parallel-arm

clinical trial

(Val-HeFT)

Ambulatory

patients with

chronic and

symptomatic

HF

1,742

(of

4,053)

NT-proBNP was

measured at

randomization and after

4 months

All-cause

mortality, HF

mortality (median

follow-up

24 months)

Serial determinations of

NT-proBNP

concentration and

classification into few

categories of changes

according to threshold

levels may be a superior

strategy for risk

stratification of patients

with chronic and stable

HF

Masson

et al. [27]

Multicenter,

randomized,

clinical trial

(GISSI-HF)

Ambulatory

patients with

chronic and

stable HF

1,237 Mid-regional pro-atrial

natriuretic peptide (MR-

proANP) was measured

All-cause

mortality, HF

mortality (median

follow-up

47 months)

In patients with chronic

and stable HF,

measurement of stable

precursor fragment of

MR-proANP provided

prognostic information

independent of

natriuretic peptides

which are currently the

best biomarkers for risk

stratification

Masson

et al. [28]

Multicenter

randomized

study (STARS-

BNP)

New York Heart

Association

functional class

II to III patients

with CHF

220 BNP level was measured

in patients

CHF-related death

or hospital stay

for CHF (follow-

up median

15 months)

In optimally treated CHF

patients, a BNP-guided

strategy reduced the risk

of CHF-related death or

hospital stay for CHF.

Jourdain

et al. [31]

The result was mainly

obtained through an

increase in ACEI and

beta-blocker dosages.

Retrospective

study from the

SURVIVE trial

Patients

hospitalized

with ADHF

1,038 BNP was measured at

both baseline and day 5

Short- and long-

term All-cause

mortality (31 and

180 day)

Patients with lowered

BNP on treatment for

acute HF had reduced

mortality risks (31- and

180-day) compared to

those with little or no

BNP decrease.

Cohen-Solal

et al. [32]

Early lowering of BNP

predicts both short- and

long-term mortality

risks.
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Table 2 Overview of circulating cardiac troponin levels for prediction of outcome in patients with HF in selected clinical studies

Study design Clinical setting Number of

patients

Troponin

(subtype,

reagents and

measurement)

Outcome (follow-up

duration)

Main findings References

Chronic HF

Multicenter

randomized

clinical trial

(Val-HeFT)

Ambulatory

patients with

symptomatic

chronic HF

4,053 Hs-cTnT, cTnT,

single

measurement

(at

randomization)

All-cause mortality,

hospital admission

for worsening of HF

(median follow-up

24 months)

Troponin levels detectable

with a high-sensitivity

assay in 92 % of patients

[44]

Very low levels of troponin

predict outcome, with a

high discrimination

Single center

prospective

study

Ambulatory

patients with

symptomatic

chronic HF

172 cTnT, serial

measurement

(enrollment

and every

3 months for

2 years)

All-cause mortality or

cardiac

transplantation

(mean follow-up

19 months)

The monitoring over time

of cTnT may identify a

subgroup of HF patients

at highest risk

[56]

Single center

prospective

study

Ambulatory

patients with

systolic chronic

HF

258 Hs-cTnT and hs-

cTnI, single

measurement

(at enrollment)

Cardiac death (mean

follow-up 2.6 years)

High levels of hs-cTnI can

predict mortality in

patients with systolic HF

[42]

Hs-cTnI may perform better

than hs-cTnT

Single center

prospective

study

Outpatients with

non-ischemic

chronic HF

138 Hs-cTnI, serial

measurement

(enrollment

and 6 months)

Cardiac death (mean

follow-up 4.3 years)

Troponin elevation is a

useful prognostic marker

in patients with non-

ischemic chronic HF

[57]

Multicenter

randomized

clinical trials

(Val-HeFT

and GISSI-

HF)

Ambulatory

patients with

symptomatic

chronic HF

5,284 (4,053

in Val-

HeFT,

1,231 in

GISSI-

HF)

Hs-cTnT, serial

measurement

(baseline and 3

or 4 months)

All-cause mortality,

HF mortality
(median follow-up

24 months for Val-

HeFT, 47 months for

GISSI-HF)

Changes over time of

troponin levels are

strongly associated with

fatal outcome

[47]

Incremental prognostic

accuracy is limited

compared to clinical

variables

Single center

prospective

cohort study

Outpatients with

chronic systolic

left ventricular

HF

416 Hs-cTnT, single

measurement

(at enrollment)

All-cause mortality,

mortality or CV

hospitalization

(median follow-up

4.4 years)

High levels of hs-cTnT are

associated with poor

outcome, independently

of NT-proBNP

[46]

Acute HF

National

registry of

acute heart

failure

(ADHERE)

Patients

hospitalized for

acute

decompensated

HF

67,924 cTnI and cTnT,

single

measurement

on admission

All-cause in-hospital

mortality

Positive levels of cardiac

troponin found in 6.2 %

of patients on admission

[53]

Positive cardiac troponin

test predicts in-hospital

mortality

Single center

prospective

study

Patients

hospitalized with

decompensated

HF

144 Hs-cTnI, serial

measurement

(admission,

during

hospitalization

and at

discharge)

All-cause mortality,

hospital admission

for worsening of HF

Very small troponin

elevations are associated

with 90-day mortality and

hospital readmission

[50]
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resistance and volume overload secondary to impaired

sodium excretion.

In recent European and American guidelines for HF, the

development of renal dysfunction was considered an index

of poor prognosis and, however, does not exist by now

specific clinical approach for this condition [2, 13].

Recently, a newly defined classification has pointed out

the bidirectional nature of the heart/kidney interaction, as

the enhancement of this vicious circle leads to progressive

damage and dysfunction. Interaction between heart and

kidney involves several pathways including renal hypo-

perfusion, neurohormonal derangements, intraglomerular

hemodynamic changes, altered tubule-glomerular feed-

back, decreased renal blood flow and GFR, increased

abdominal pressure, systemic venous congestion and

inflammation [64]. The term ‘‘cardiorenal syndromes

(CRS)’’ has been defined in academic way to understand

the primary organ damage of heart or kidney leads to

secondary organ dysfunction. On the basis of current def-

inition, we now recognize five subtypes of the syndromes

defined as follows: (1) acute cardiorenal syndrome (Type

1): an acute worsening of cardiac function leading to renal

dysfunction; (2) chronic cardiorenal syndrome (Type 2):

chronic abnormalities in cardiac function leading to renal

dysfunction; (3) acute reno-cardiac syndrome (Type 3): an

acute worsening of renal function causing cardiac dys-

function; (4) chronic reno-cardiac syndrome (Type 4):

chronic abnormalities in renal function leading to cardiac

disease; (5) secondary cardiorenal syndromes (Type 5):

systemic conditions causing simultaneous dysfunction of

the heart and kidney [7, 65].

All these subtypes have similar pathophysiological

mechanisms due to primary systo-diastolic dysfunction

followed by activation of renin-angiotensin system, sym-

pathetic activation, increased venous pressure leading to

derangement in intraglomerular blood flow and increased

sodium and water reabsorption. A mixed model including

both afterload word and preload HF with right side dys-

function, augmented renal venous pressure, kidney con-

gestion, tubule obliteration and renal hypoxic damage is

currently deemed the most appropriate liaison [66, 67]

Fig. 1.

Table 2 continued

Study design Clinical setting Number of

patients

Troponin

(subtype,

reagents and

measurement)

Outcome (follow-up

duration)

Main findings References

International

multicenter

observational

study

(ALARM-

HF)

Patients

hospitalized for

acute HF

syndromes with

preserved or

reduced LV

ejection fraction

3,283 (837

with

preserved

LVEF)

cTnT, single

measurement at

clinical

presentation

In-hospital mortality Positive cTnT levels are

associated with in-hospital

outcome in patients with

acute heart failure and

preserved left ventricular

ejection fraction

[49]

Multicenter

randomized

clinical trial

(PROTECT

Pilot Study)

Patients

hospitalized for

acute HF with

renal

insufficiency

288 cTnT, serial

measurement

(enrollment

and days 2, 3, 4

and 7)

Dyspnea, worsening of

HF, worsening of

renal function

Positive troponin at baseline

and conversion to positive

levels were associated with

worse outcomes at 60 days

[58]

Multicenter

randomized

clinical trial

(ASCEND-

HF)

Patients with

acutely

decompensated

HF

808 Hs-cTnI, single

measurement at

enrollment

In-hospital and post-

discharge outcomes

Troponin at enrollment

associated with in-hospital

length of stay and

worsening of HF

[51]

No association with post-

discharge outcome at 30 or

180 days

Single-center

prospective

observational

study

(BASEL V)

Unselected

patients

presenting to ED

667 Hs-cTnI, single

measurement at

the time of

presentation to

ED

All-cause mortality

(follow-up

12 months)

Hs-cTnI levels higher in

patients with acute HF

compared to those with

non-cardiac causes of acute

dyspnea

[54]

Hs-cTnI correctly reclassifies

68 % of the patients in

terms of mortality
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All these ‘actors’ influence and contribute in different

stages, weight and time course to CRS development and

maintenance, amplifying both heart and kidney damage in

a perfect pathophysiological storm.

Current and potential biomarkers of renal damage

The above cited data clearly highlight the frequent co-

existence of heart and kidney dysfunction and associated

poor prognosis; however, a clear laboratory cutoff defini-

tion is lacking for several reasons: First of all, definition of

WRF is not uniform in terms of cutoff and methods. As

reported in the meta-analysis of Damman et al. [68], a rise

in serum creatinine in patients with higher basal levels has

a different meaning with respect to a similar rise in patients

with normal basal values. Therefore, serum creatinine (sCr)

is primarily a marker of glomerular filtration but it is

insensitive and unreliable to diagnose renal tubular injury

in the absence of significant reduction in glomerular fil-

tration rate (GFR). Secondly, estimated creatinine clear-

ance is measured by several methods (mostly Cockcroft–

Gault and MDRD) from plasma creatinine concentrations.

Thirdly, many methodological issues are related to differ-

ences in the patient population studied, the assay and cal-

ibration of creatinine, GFR calculation and statistical

metrics. MDRD is regarded as less biased and is the cre-

atinine-based formula recommended for follow-up of

patients with CKD [69]. In the setting of HF, a rise in

creatinine may be interpreted as the consequence of a

transient reduction in renal blood flow and thus reflects

changes in renal filtration or as an acute renal tubular injury

which will go through a classic period of injury, stabil-

ization and then recovery. Therefore, increase creatinine

level is poorly specific for early organ damage. Its con-

centration raises only after half of the kidney function is

lost which may be days after the renal insult has occurred.

Finally, increase in creatinine levels is not associated with

outcome in all studies. The limitation of serum creatinine

as prognostic indicator has been recently confirmed in a

prospective study in which it was used as prospective end

point [70]. Early diagnosis of renal involvement in patients

with cardiac disease is of paramount importance; unfortu-

nately, this marker cannot be used to distinguish among

acute kidney injury, pre-renal azotemia and WRF [71].

Common laboratory parameters currently available are

unable to diagnose the renal injury immediately after the

insult to the kidney. Delay in detection also means delay in

intervention in the early periods of renal injury where

appropriate management strategies can be instituted before

irreversible renal damage occurs.

All these troubles have prompted the research on new

biomarkers able to predict acute kidney insufficiency as

well as to have a clinical prognostic significance. In this

sense, blood nitrogen urea (BUN), an old laboratory

parameter, is re-emerging as a marker of poor prognosis

Fig. 1 Cardiorenal liaison:

multiple mechanism leading to

worsening outcome when heart

failure is associated with any

degree of renal dysfunction
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because it is considered to reflect neurohormonal activation

more than renal function. BUN predicts adverse outcome

independently of renal function: This finding may be

explained by the concept that renal handling of urea is

integral in fluid and sodium homeostasis and thus reflect

neurohormonal activation: In a recent analysis of three

different clinical trials, an altered urea/creatinine ratio

demonstrated a worse prognosis independently of GRF

values suggesting that the relationship between impaired

renal function and adverse outcome depends on the

mechanisms at the origin of its reduction [72]. Indeed, the

renal clearance of BUN depends on the balance between

urea filtration, tubular reabsorption into the collector duct

and urea transport at medullary level; all these mechanisms

are regulated by neurohormones such as vasopressin and by

the renin-angiotensin system [73].

Several studies support albuminuria as a marker of renal

dysfunction. Macroalbuminuria (defined as urine albumin:

creatinine ratio [ACR] [300 mg/g) and microalbuminuria

(ACR 30–300 mg/g) often precede the decline in GFR and

are associated with increased CV risk in both diabetic and

non-diabetic patients [74]. In CHARM study, the preva-

lence of microalbuminuria and macroalbuminuria and the

predictive value of spot urinary albumin to creatinine ratio

(UACR) for the primary composite outcome (i.e., death

from cardiovascular causes or admission to hospital with

worsening heart failure, and death from any cause) were

assessed. Of 2,310 patients, 704 (30 %) had microalbu-

minuria, and 257 (11 %) had macroalbuminuria. The

prevalence of increased UACR was similar in patients with

reduced and preserved left ventricular ejection fractions.

Patients with an increased UACR were older, had more

cardiovascular comorbidity, worse renal function and a

higher prevalence of diabetes mellitus than did those with

normoalbuminuria. However, a high prevalence of

increased UACR was still noted among patients without

diabetes, hypertension or renal dysfunction [75]. Similar

results were reported in another large-scale clinical trial of

patients with chronic HF [76]. Elevated UACR was asso-

ciated with increased risk of the composite outcome and

death even after adjustment for other prognostic variables

including renal function, diabetes. Therefore, microalbu-

minuria discerns cardiovascular risk in population with

chronic renal disease independently from GFR values [77].

Novel renal biomarkers

Several studies have also recently proposed clinical use of

serum neutrophil gelatinase–associated lipocalin (NGAL)

levels in patients admitted in hospital with acute decom-

pensated HF (ADHF), to estimate the risk of early wors-

ening renal function. NGAL is produced by the nephron in

response to tubular epithelial damage and is considered an

early marker for acute renal tubular injury in several

clinical settings [78, 79]. Aghel et al. [80] observed higher

serum NGAL levels on admission in patients who devel-

oped WRF versus those who did not (194 [IQR 150–292]

ng/mL vs. 128 [IQR 97–214] ng/mL, p = 0.001). They

showed that patients with admission NGAL values

C140 ng/mL had a 7.4-fold higher risk to develop WRF,

with a sensitivity and specificity of 86 and 54 %, respec-

tively. The GALLANT prospective trial shows that plasma

NGAL is a good prognostic biomarker of poor outcome at

early stages in patients with acute heart failure adding new

information with respect to BNP measurement. The com-

bined measurement of blood BNP and NGAL levels seem

to increase the prognostic accuracy in patients with HF;

NGAL might have better predictive ability compared to

BNP, as it is impaired earlier and more frequently in cases

of poor prognosis [81]. There is an interesting relationship

between serum NGAL levels and eGFR in the setting of

acute HF. Poniatowski et al. [82] have recognized serum

and urine NGAL as sensitive early markers of renal dys-

function in patients with chronic HF and normal serum

creatinine but reduced eGFR. Besides, NGAL appear to be

a marker of renal dysfunction and useful to identify

patients at early stages of CRS. Alvelos et al. [83] have

investigated the performance of NGAL in the early

detection of type 1 cardiorenal syndrome in patients with

acute HF. They found a connection between NGAL and

type 1 cardiorenal syndrome, with a cutoff value of 170 ng/

L, able to predict straightforward renal insufficiency in

patients with preserved renal function at admission.

Cystatin C is low molecular weight protein freely fil-

tered by the glomerulus, reabsorbed and catabolized com-

pletely by proximal convoluted tubule, not actively

secreted in urine. It can be measured in both serum and

urine with commercially available tests [8]. Its blood levels

are not affected by age, gender, race or muscle mass; thus,

it appears to be a better predictor of glomerular function

than serum creatinine in patients with CKD, where it may

be a better surrogate marker of GFR compared to creatinine

[84]. In adult patients undergoing cardiac surgery, urinary

CysC detects AKI within 6 h after surgery while its serum

levels can identify patients who develop renal impairment

C better than creatinine clearance. In a larger study with

292 patients, CysC had an AUC of 0.92 for the detection of

CRS type 1. An increase in serum CysC greater than

0.3 mg/dL 48 h after admission had a specificity of 90 %

and a sensitivity of 77 % for AKI. Furthermore, high serum

CysC levels were also associated with a poor prognosis

despite normal or mildly reduced renal function [85]. A

cutoff value of 1.30 mg/dL showed a sensitivity of 75.6 %

and a specificity of 68.3 % in predicting mortality and

adverse clinical events, especially coronary artery disease.

In acute HF, CysC level was significantly associated with
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risk of death or rehospitalization during 1-year follow-up.

It remained significant after adjusting for age, race, sex,

comorbidities and creatinine. CysC also offered comple-

mentary prognostic information compared to the other

cardiac biomarkers like troponin T, high-sensitivity

C-reactive protein and N-terminal pro-B-type natriuretic

peptide, helping clinicians with more accurate risk strati-

fication of patients with acute HF.

Kidney injury molecule-1 (KIM-1) is a protein detect-

able in the urine after ischemic or nephrotoxic insults to

proximal tubular cells. Urinary KIM-1 seems to be highly

specific for ischemic AKI and not for pre-renal azotemia. It

is involved in the differentiation of T-helper cells and

expressed on the proximal tubule apical membrane cilia

with injury but not in the normal kidney. KIM-1 has been

shown to be predictive of AKI in adults and children

undergoing cardiopulmonary bypass in a time frame

between 2 and 24 h post-surgery [86]. Liangos et al. [87]

performed a similar study in 103 subjects after CPB sur-

gery; urinary KIM-1 achieved the best predictive perfor-

mance with an AUC of 0.78. These studies highlight the

importance of using a multimarker strategy in the emer-

gency setting, for prediction of kidney injury development

in patients with acute HF [88].

Interleukin 18 (IL-18) is an 18-kD a proinflammatory

cytokine originating from proximal tubular epithelial cells.

It is up-regulated during endogenous inflammatory pro-

cesses. It displays sensitivity and specificity for ischemic

AKI with an AUC [90 % with increased levels 48 h prior

to the increase in serum creatinine [89]. It is poorly specific

for acute damage but its measurement together with other

more specific biomarkers could help clinicians to early

identify patients who will experience a CRS (Table 3).

Natriuretic peptides in cardiorenal syndrome

Natriuretic peptides are established biomarkers in HF

diagnosis and prognosis; however, increased levels can be

caused by renal dysfunction as well. Indeed, because car-

diac and renal dysfunctions are intricately linked, NP have

the potential to serve as a valuable diagnostic and prog-

nostic tool in several CRS types [90]. Patients with CKD

have higher levels of NP than normal subjects and although

some of this is attributed to reduced renal clearance.

Patients with HF compared with those with HF and asso-

ciated RI show higher NP levels within each NYHA class.

Mean increase is around one-third with respect to subject

with preserved renal function. The exact mechanism

remains to be elucidated: Increased myocardial wall stress,

left ventricular hypertrophy, coronary disease and cardiac

remodeling are all potential contributors to NP increase in

the setting of CRS. In a sub-study of the Breathing Not

Properly trial evaluating the relation with renal function

with a point-of-care assay for BNP, the optimal cutoff level

for the diagnosis of HF was 100 pg/mL, but increased

threefold in patients with an eGFR \60 mL/min/m2 [91].

Similar findings were reported for NT-proBNP by Januzzi

et al. [16] in the PRIDE study, and with a cut-point set at

300 pg/mL for excluding acute HF, they reported a nega-

tive predictive value of 94 and 100 % for patients with a

GFR\ and C60 mL/min/1.73 m2, respectively. However,

NP levels may depend on other variables as age, sex, stage

of renal dysfunction and timing of RI development; in line

with this, the optimal NT-proBNP cut-points for identify-

ing CHF appeared to be age dependent: \450 pg/mL for

subjects \50 years, 900 pg/mL for subjects C50 but \75

years and 1,200 pg/mL for patients C75 years: However,

in patients with a GFR \60 mL/min/1.73 m2, there was a

drop in specificity to 68 %. In an effort to improve the

specificity in these patients, the cut-point was adjusted

based upon the receiver-operating characteristic (ROC)

curves to a single age-independent value of 1,200 pg/mL

for patients with an eGFR \60 mL/min/1.73 m2. When

this cutoff criterion was adjusted based upon the receiver-

operating characteristic (ROC) curves for a cutoff value of

1,200 pg/mL, sensitivity remained similar (89 %) and

specificity improved to 72 % [63]. Therefore, in patients

Table 3 Protein biomarkers for

early detection of acute kidney

injury and heart failure

Biomarker Associated Injury

KIM-1 Ischemia and nephrotoxins

NGAL (lipocalin) Ischemia and nephrotoxins

NHE3 Ischemia, pre-renal post-renal AKI

Cytokines (IL-6, 8, 18) Delayed graft function, inflammatory activity

Troponin T Myocardial injury, hemodynamic overload

Actin, actin depolymerizing factor Ischemia and delayed graft function

BNP Hemodynamic overload, neurohormonal activity

NT-proBNP Hemodynamic overload, neurohormonal activity

Cystatin C Proximal tubule injury
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with severe renal insufficiency, the same cutoff appeared to

be sensitive and specific enough to diagnose HF. Finally,

the combination of NT-proBNP levels and creatinine

clearance is highly prognostic in acute HF. NP are

increased not only in CRS type 1 and 2 but even in CRS 4

in which BNP was useful marker for detecting acute HF in

patients with Chronic RI and it appear able to predict

cardiac events with an optimal cutoff point of 1,025 pg/mL

[92] (Fig. 2).

However, the exact relationship between BNP, renal

function and the severity of HF remain to be clarified. It is

well established that patients with chronic kidney disease

have higher levels of both BNP and NT-proBNP than age-

and gender-matched subjects without reduced renal func-

tion, even in the absence of clinical HF, but it is unknown

which could be the correct cutoff values for discriminating

subjects with only RI and those with CRS. This field

requests specific study measuring in a different setting and

CRS subtypes the diagnostic and prognostic role of NP.

Troponin in cardiorenal syndrome

It has been argued that circulating troponin levels are

commonly elevated in patients with impaired renal func-

tion in the absence of an acute coronary syndrome [93–95].

Although high levels have been observed in the setting of

even minor degrees of renal dysfunction, they remain

associated with cardiovascular events across a whole

spectrum of renal impairment. In a large study involving

more than 7,000 patients with suspected acute coronary

syndrome from the GUSTO IV (Global Use of Strategies to

Open Occluded Coronary Arteries) trial, an abnormally

elevated troponin T level was predictive of an increased

risk of myocardial infarction or death regardless of creat-

inine clearance, even if there was a very small number of

patients with severe or end-stage renal disease [96]. More

recently, an analysis of PREVEND (Prevention of Renal

and Vascular ENd-stage Disease), a large prospective

cohort study investigating the natural course of albumin-

uria and its relation to renal and cardiovascular disease

showed that high-sensitive troponin T (and N-terminal

proBNP) were independently associated with estimated

glomerular filtration rate and urinary albumin excretion

[97]. Despite this association, higher circulating concen-

trations of these two cardiac markers predicted worse

cardiovascular outcome, even after adjustment for esti-

mates of renal function. This clearly suggests that elevated

troponin (or natriuretic peptide) levels in subjects with

chronic kidney disease (stages 1–3) should not be solely

regarded as a consequence of decreased renal clearance but

as a risk for future cardiovascular events (Fig. 3).

Interpretation of cardiac biomarkers, and in particular

troponin, in the setting of chronic kidney disease has been

controversial. In asymptomatic dialysis patients, the two

cardiac biomarkers (natriuretic peptide and troponin) are

elevated and often better predictors of mortality than

commonly used renal biomarkers and clinical risk factors

[98, 99]. Cardiac troponin levels are frequently several-fold

higher than the 99th percentile of a healthy general popu-

lation in outpatients with chronic kidney disease without

Fig. 2 BNP levels increase together within patients with heart failure

relation among BNP and renal function in the diagnosis of HF. BNP

levels increase with estimated glomerular filtration rate (eGFR)

reduction. Modified by the Breathing Not Properly Study. The

association between tertiles (T) of relative changes over time in

Valsartan Heart Failure Trail (Val-HeFT, 3,474 patients, 4-month

changes) and GISSI-Heart Failure trail (GISSI-HF, 1,066 patients,

3-month changes) and subsequent all-cause mortality was compared

for high-sensitivity cardiac troponin T (hs-cTnT) and N-terminal

probrain natriuretic peptide (NT-proBNP). Data are shown as hazard

ratio and 95 % CI with respect to first tertile considered as referent.

Adjusted p for trend across tertiles. Val-HEFThs-cTnT (0.0009), Val-

HeFTNT-proBNP (\0.0001), GISSI-HFNT-proBNP (0.31)

Fig. 3 Association between relative changes over time of two cardiac

biomarkers (hs-cTnT and NT-proBNP) and mortality in the Val-HeFT

and GISSI-HF trials
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acute coronary syndromes [100] or symptoms of heart

failure [101]. They may be associated with cardiovascular

events and higher mortality. Potential mechanisms to

explain the association between renal dysfunction and

myocardial injury with elevated troponin levels include

both cardiac injury and decreased renal clearance. A causal

link between renal impairment and cardiac dysfunction

may involve the fibroblast growth factor-23 (FGF-23), a

hormone that controls phosphorus homeostasis. FGF-23 is

up-regulated and directly provokes left ventricular hyper-

trophy in experimental models of CKD [102]. It is inde-

pendently associated with left ventricular mass in the

general population [103], in patients with CKD [104, 105]

and in those with hemodialysis [106]. FGF-23 predicts

adverse outcome in these patients [107–110]. This may

therefore be an important link to explain the interplay

between impaired renal function and elevated levels of

cardiac troponin on mortality. On the other hand, while

transcardiac gradients (cardiac production) of troponin T

are similar in patients with chronic HF with or without

CKD, concentrations in the aortic root are higher in

patients with kidney disease [38]. This supports the

hypothesis that decreased clearance contributes to troponin

elevation in chronic HF.

Conclusions and future perspectives

Despite clinical progress in the treatment of HF, it remains

a complex disease with poor prognosis affecting mostly

older people and patients with several comorbidities.

Among the frequent comorbidities, renal dysfunction is one

of the most common complications and it may deserves a

specific approach to evaluate its degree, timing and pro-

gression. Common strategy in HF management is focused

mainly on symptoms and congestion improvement,

underestimating the contribution of renal dysfunction.

Indeed, interventional trials on acute HF did not demon-

strate any prognostic benefit, nevertheless, an apparent

hemodynamic improvement. Such results should be par-

tially explained by the worsening renal function during

early treatment phases. Therefore, persistent high-risk

mortality after acute phases underscore the importance of

risk stratification in this field. In this context, the study of

laboratory tools able to recognize both renal and cardiac

damage appears mandatory. In addition, serial biomarker

measurement is becoming surrogate end points to identify

responders, patients and safety of new drugs [111]. For

these reasons, recently, a multimarker strategy including

biomarker tool in addition to traditional risk scores has

been proposed and applied: Although each single bio-

marker provided incremental value, their combination

showed the greatest improvement in risk prediction above

the established risk factors [112]. NP and troponin could

reflect hemodynamic stress and cardiac damage, respec-

tively, and serial assays should be encouraged particularly

during hospitalization phase. Because they are metabolized

by kidney, they should also be considered as a mirror of

renal function and tested together with other specific bio-

markers of tubular and glomerular damage. Measurement

of traditional and new laboratory parameters might allow

an early detection of kidney injury and underling mecha-

nism recognition. Indeed, NP are the most widely studied

biomarkers, their measurement can be encouraged, espe-

cially for clinical evaluation of dyspnea, for risk stratifi-

cation of patients with established diagnosis of HF, but

they should be used as an addition to traditional clinical

approach. Elevated NP levels are currently used to diag-

nose HF, and as a guide to therapy in patients with HF: NP

reflect neurohormonal activation as well as myocyte stress

and hemodynamic impairment. Moreover, in patients with

impaired renal function or CKD, increased levels should be

considered as markers of reduced filtration and metabo-

lism. However, actually specific studies evaluating this

setting are lacking and should become a new target to

better evaluate the clinical impact and importance of NP in

patients with CRS. NP appear also potential candidates for

early evaluation of end-stage renal dysfunction in patients

with established CKD: Because they are frequently

increased, they could be considered as early biomarkers

able to identify patients with sudden and severe renal

function impairment.

Another potential NP role, not completely addressed, is

about the guide and monitoring HF therapy: Despite

positive BATTLESCARRED findings indicating a positive

results in patients with hormone guided therapy, TIME-

CHF Trials did not observe any benefits respect to patients

with symptom-guided treatment [113, 114]. For these

reasons, the current body of evidence must be adequately

powered to assess this aspect, even though a recent meta-

analysis has demonstrated that the use of NP to guide

pharmacologic therapy significantly reduces mortality and

HF-related hospitalization in patients with chronic HF

[115].

Troponin increase is a direct consequence of myocyte

loss through both necrotic and apoptotic death leading to

progressive cardiac enlargement and dysfunction. There-

fore, it is increased in presence of AKI because of sudden

increased wall stress, altered calcium handling, inflamma-

tory activation and reduced degradation. Although both NP

and troponin have a well-documented role in risk stratifi-

cation and cardiac damage evaluation in HF, their impor-

tance in CRS setting should be deeply studied and defined,

reclassifying cutoff criteria in relation to age gender, stage

of renal disease, timing instauration and primitive cardiac

defects.
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Currently, the most practical use of troponin measure-

ments is possibly as direct markers of cardiac myocyte

injury, in both experimental and clinical settings. A number

of clinical studies are indeed currently testing circulating

cardiac troponin levels in patients undergoing chemother-

apy. Cardiac toxicity of traditional and novel chemother-

apeutic agents may progressively lead to left ventricular

dysfunction and ultimately to HF. Troponin release in the

bloodstream is becoming a surrogate end point for the

studies that test the protection afforded by various classes

of drugs (ACE inhibitors, beta-blockers, aldosterone

antagonists) in these patients. Circulating troponins are also

proposed as efficacy and safety end points for monitoring

cardiac injury in invasive procedures and general surgery

[116, 117].

The role of circulating cardiac troponins for the diag-

nosis of acute myocardial infarction is undisputed even if

the introduction of new reagents with high sensitivity has

challenged the clinicians and must be interpreted in the

context of the clinical presentation for suspected MI. The

clinical usefulness of troponins in HF is less clear. There

are now good evidences, coming from well-designed,

independent and adequately powered clinical studies that

circulating troponins are associated with outcome in

patients with HF [118] and may also be included in risk

prediction models [119]. Whether troponins are superior to

natriuretic peptides, the benchmark biomarkers for prog-

nosis have not always been tested with sufficient attention,

but the data available so far suggest that these markers are

(at least) equivalent.

Important criteria for the clinical adoption of a bio-

marker for use in HF patients have recently been proposed

[120]. They include analytical requisites and the reflection

of pathophysiological processes involved in HF presence

and progression. Candidate biomarkers must also provide

clinically useful information for caregivers that should not

merely recapitulate clinical information already available

and must be incremental to other biomarkers. So far, only

natriuretic peptides meet these standards criteria, even if

their use in HF management is still debated [120, 121].

Though high-sensitivity cardiac troponin measurement

could in theory be leveraged for monitoring chronic HF

stability, we are far from having established its practical

clinical usefulness. In particular, it remains to be validated

if circulating troponins may be used as surrogate end points

in clinical trials with HF patients. Even more elusive is

their possible role in HF guided therapy.

Overall, a multimarker strategy including both NP and

troponin measurement should be encouraged because they

provide complementary prognostic information with

respect to traditional approach. This cohort includes

ambulatory patients with HF, patients with preserved and

reduced systolic function, and wide range of HF degrees

[122]. In this context, also, patients with CRS should be

included to better evaluate renal dysfunction timing and

etiology together with other traditional and new biomarker

tool. Prospective studies and designs should be encouraged

to ascertain a broad applicability to predict adverse out-

come in a wide variety of patients with HF.
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(2008) Fibroblast growth factor 23 and mortality among patients

undergoing hemodialysis. N Engl J Med 359:584–592

111. Felker MG (2011) Biomarkers as a surrogate end points in heart

failure trials. Heart Fail Clin 7:501–507

112. Ky B, French B, Levy WC, Sweitzer NK, Fang JC, Wu AH,

Goldberg LR, Jessup M, Cappola TP (2012) Multiple bio-

markers for risk prediction in chronic heart failure. Circ Hear

Fail 5:183–190

113. Lainchbury JG, Troughton RW, Strangman KM, Frampton CM,

Pilbrow A, Yandle TG, Hamid AK, Nicholls MG, Richards AM

(2009) N-terminal pro-B-type natriuretic peptide-guided treat-

ment for chronic heart failure: results from BATTLESCARRED

trial. J Am Coll Cardiol 55:53–60

114. Pfisterer M, Buser P, Rickli H, Gutmann M, Erna P, Rickenb-

acher P, Vuillomenet A, Jeker U, Tubach P, Beer H, Yoon SI,

Suter T, Osterhues HH, Schieber MM, Hilti P, Schindler R,

Brunner-LaRocca HP (2009) BNP guided vs symptom-guided

heart failure therapy: the Trial of intensified vs standard medical

therapy in elderly patients with congestive heart failure (TIME-

CHF) randomized trial. JAMA 301:383–392

115. Savarese G, Trimarco B, Dellegrottaglie S, Prastaro M, Gam-

bardella F, Rengo G, Leosco D, Perrone-Filardi P (2013)

Natriuretic Peptide-guided therapy in chronic heart failure: a

meta-analysis of 2,686 patients in 12 randomized trials. PLoS

ONE 8:e58287. doi:10.1371/journal.pone.0058287

116. Levy M, Heels-Ansdell D, Hiralal R, Bhandari M, Guyatt G, Yusuf

S, Cook D, Villar JC, McQueen M, McFalls E, Filipovic M,

Schünemann H, Sear J, Foex P, Lim W, Landesberg G, Godet G,

Poldermans D, Bursi F, Kertai MD, Bhatnagar N, Devereaux PJ

(2011) Prognostic value of troponin and creatine kinase muscle and

brain isoenzyme measurement after noncardiac surgery: a sys-

tematic review and meta-analysis. Anesthesiology 114:796–806

117. Babu GG, Walker JM, Yellon DM, Hausenloy DJ (2011) Peri-

procedural myocardial injury during percutaneous coronary

intervention: an important target for cardioprotection. Eur Heart

J 32:23–31

118. Nagarajan V, Hernandez AV, Tang WH (2012) Prognostic value

of cardiac troponin in chronic stable heart failure: a systematic

review. Heart 98:1778–1786

119. Barlera S, Tavazzi L, Franzosi MG, Marchioli R, Raimondi E,

Masson S, Urso R, Lucci D, Nicolosi GL, Maggioni AP, Tog-

noni G, GISSI-HF Investigators (2013) Predictors of mortality in

6975 patients with chronic heart failure in the Gruppo Italiano

per lo Studio della Streptochinasi nell’Infarto Miocardico-Heart

Failure trial: proposal for a nomogram. Circ Heart Fail 6:31–39

120. Januzzi JL, Troughton R (2013) Are serial BNP measurements

useful in heart failure management? Serial natriuretic peptide

measurements are useful in heart failure management. Circula-

tion 127:500–508

121. Desai AS (2013) Are serial BNP measurements useful in heart

failure management? Serial natriuretic peptide measurements

are not useful in heart failure management: the art of medicine

remains long. Circulation 127:509–516

122. Dunlay SM, Gerber Y, Weston SA, Killian JM, Redfield MM,

Roger VL (2009) Prognostic value of biomarker in heart failure

application of novel methods in the community. Circ Heart Fail

2:393–400

284 Heart Fail Rev (2014) 19:267–284

123

http://dx.doi.org/10.1371/journal.pone.0058287

	Clinical relevance of biomarkers in heart failure and cardiorenal syndrome: the role of natriuretic peptides and troponin
	Abstract
	Introduction
	Natriuretic peptides in heart failure
	Natriuretic peptides and outcome

	Troponin in heart failure
	Cardiorenal syndrome definition
	Current and potential biomarkers of renal damage
	Novel renal biomarkers

	Natriuretic peptides in cardiorenal syndrome
	Troponin in cardiorenal syndrome
	Conclusions and future perspectives
	References


