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Abstract: Chronic kidney disease (CKD) is associated with a significant increase in death 

and cardiovascular mortality. However the exact mechanism by which CKD impairs the 

cardiovascular outcome is not well established. Some reasons may lie in the association of CKD 

with several other cardiovascular and noncardiovascular disorders including accelerated systemic 

atherosclerosis, endothelial dysfunction, increased levels of inflammatory factors, anemic 

status, bone mineral dysfunction, electrolyte imbalance, and renin–angiotensin–aldosterone 

system (RAAS) activation. Therefore several risk factors such as hypertension, diabetes, lipid 

disorders, and older age are common in both conditions. In patients affected with heart failure 

(HF) a key role is represented by the neurohormonal activation. This condition causes fluid 

and sodium retention, peripheral vasoconstriction, as well as increased congestion and cardiac 

workload. Moreover, HF during the decompensated phases is often associated with a worsening 

renal function that leads to further RAAS activation, microvascular damage, and intrarenal flow 

redistribution. In order to clarify the interactions between these factors, several questions need 

to be answered: the universal definition of “worsening renal function,” the identification of the 

best laboratory parameters to investigate renal function in terms of sensitivity and specificity, 

and a better definition of the comorbidities’ role in the determination of the outcome, especially 

in patients with chronic HF. A clarification of these key points could lead to the individualiza-

tion of new specific therapeutic targets and to a reduction in mortality and hospitalization in 

patients with HF and renal impairment.
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Introduction
Heart failure (HF) is the leading cause of hospital admissions to the Medicare 

population. In addition to its high prevalence, hospitalization for decompensated HF 

is associated with extraordinarily high rates of morbidity and mortality. The clinical 

presentation can depend on hemodynamic status, primary cardiac disorder, systemic 

pressure, and organ perfusion/damage.1

Among the damage to various organs, renal impairment has become increasingly 

recognized as an independent risk factor for morbidity and mortality. Chronic kidney 

disease (CKD) is an independent predictor of myocardial infarction (MI), stroke, and 

death among men and women, even in younger patients. It is well known that the 

progression of renal insufficiency (RI) leads to an increased risk of cardiovascular 

mortality that cannot be fully explained by conventional risk factors or older age.2 

However several studies have reported a significant correlation between CKD or 

worsening renal function and impaired HF outcome.
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In recent European and American guidelines for HF 

management, renal dysfunction was considered an index of 

poor prognosis.3,4 Although in most common randomized 

clinical trials conducted in the HF field, patients with RI 

tend to be excluded despite the increasing recognition of 

the prevalence and importance of renal disease in patients 

with HF. There are many reasons to report renal function 

in the HF setting: the well-recognized clinical impact of RI 

in common cardiovascular diseases, the high prevalence of 

this condition in HF, and the need to know if the common 

treatment used in HF patients could be applied even in renal 

dysfunction as an associated condition.

Moreover, the way of evaluating renal function remains 

unspecified: many studies reported only baseline creatinine, 

as they reported at the same time other data such as age, 

sex, and weight, which would enable creatinine clearance 

or glomerular filtration rate (GFR) to be easily calculated. 

Despite these data, both these specific laboratory parameters 

are often not collected. Recently the term “worsening renal 

function” (WRF) has been regularly used to describe the acute 

and/or subacute changes that occur in kidney function after 

episodes of acute decompensated heart failure (ADHF). For 

all these reasons the use of an established consensus for the 

definition/classification of RI appears mandatory in clinical 

practice as well as in future studies enrolling HF patients. 

This would permit a better standardization in evaluating 

its incidence, temporal profile, and outcome across future 

epidemiologic investigations. On the basis of these criteria 

we described the prevalence and clinical impact of RI in more 

recent clinical trials in the setting of acute and chronic HF.

Risk factors: implication in HF  
and renal dysfunction
Classical and nonclassical risk factors have long been 

investigated as implicated in cardiac insufficiency and RI. 

The prevalence of cardiovascular morbidity and mortality is 

higher in patients with CKD than in the general population. 

Traditional risk factors associated with RI such as 

hypertension, diabetes, dyslipidemia, and microalbuminuria 

combine with other risk factors typically associated to RI: 

uremic state, vascular calcification, ventricular hypertrophy, 

impaired left ventricular (LV) myocardial relaxation and 

LV filling pressure are all factors that lead to accelerated 

atherosclerosis, coronary artery disease (CAD) and peripheral 

artery disease, congestive heart failure, and cardiac sudden 

death.5 In particular, hypertension, a major risk factor for 

CAD, had a high prevalence in patients with CKD. At least 

35% of patients with CKD have evidence of a prior ischemic 

event or process (angina or a history of MI). The prevalence 

of LV hypertrophy increases at each stage of CKD, reaching 

75% at the time of dialysis initiation.6,7

Additional factors such as abnormal mineral metabo-

lism, hyperparathyroidism, hyperhomocysteinemia, and an 

increase in pro-inflammatory cytokines have been associated 

with higher CV risk in RI.8 Disturbed calcium phosphate 

metabolism has been implicated in the development of 

vessel calcification. The pathophysiologic process is not 

completely understood; probably growth factor effects of 

secondary hyperparathyroidism and sclerosis of the major 

peripheral vessels cause increased afterload and subsequent 

LV dysfunction.9

Proceeding from a re-analysis of the Atherosclerosis 

Risk In Communities (ARIC) study, Muntner et al confirmed 

that the burden of classical risk factors, such as hypertension, 

diabetes, older age, and dyslipidemia, is substantially higher 

among patients with CKD than the general population. 

However, these factors vary considerably, depending on 

patient characteristics, including degree of RI and causes of 

kidney disease.10

In a subset analysis of the Third National Health and 

Nutrition Examination survey (NHANES III) registry, the same 

authors pointed out that patients with CKD had lower levels of 

apolipoprotein A
1
 and higher levels of  homocysteine, lipopro-

tein A, fibrinogen and C-reactive protein (CRP). Furthermore 

they observed that patients who presented those higher 

levels of Apolipoprotein A
1
, homocysteine, lipoprotein A, 

fibrinogen, and CRP, but without evidence of CKD and CAD, 

higher were at higher risk to develop CHD.11 This observation 

underlines the importance of primary prevention, with lifestyle 

change and pharmacological treatment where indicated.

Even anemia should be considered a risk factor for the 

impairment of renal and heart function. Several studies in 

different patient populations found an association with anemia, 

impaired cardiac function, more health care utilization, and 

morbidity. From a pathophysiological standpoint, CHD can 

also cause renal failure due to a decreased cardiac output 

reducing renal perfusion (ie, forward failure); subsequent renal 

failure may lead to decreased endogenous erythropoietin levels 

and may ultimately induce anemia, leading to an increased 

cardiac workload, completing the vicious circle. Recently this 

has been called the “cardio-renal-anemia syndrome.”12,13

Renal dysfunction and HF  
outcome
Data from several sources demonstrate that approximately 

20% to 40% of patients admitted to a hospital for ADHF 
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have an associated RI, defined on the basis of risk, injury, 

failure, loss of kidney function, and end-stage kidney disease 

(RIFLE) and Acute Kidney Injury Network (AKIN) criteria 

(Figure 1).14,15 The broad range in the reported incidence 

is largely attributable to the variability of the definitions 

of WRF, the differences in the observed time-at-risk, 

and the heterogeneity of the selected populations being 

studied.16,17

In the Prospective Outcomes Study in Heart failure (POSH) 

study,18 Cowie et al prospectively enrolled 248 patients with 

ADHF (ejection fraction [EF] ,40% and dyspnea) across 

eight European countries (mean age 68, 74% men). WRF 

was defined as an increase in serum creatinine .26 mmol/L 

from in-hospital admission. The follow-up was completed 

in 95% of patients within 6  months. Nearly one-third of 

patients (29%) developed WRF during hospitalization. The 

risk profile of this subgroup was characterized by a major 

prevalence of increased serum creatinine levels on admission, 

pulmonary edema, and a history of atrial f ibrillation. 

Although the 30-day mortality and up to 6-month mortality 

of WRF patients did not increase significantly, their duration 

of hospital stay was 2 days longer. This was not confirmed in 

patients admitted for the first time for HF with preserved LV 

systolic function, where Rusinaru et al19 demonstrated that 

a low baseline estimated GFR (eGFR) is a potent predictor 

of long-term mortality. In this work, patients with RI at 

baseline who developed WRF during hospitalization had a 

particularly poor prognosis. In contrast with these findings, 

in the Evaluation Study of Congestive Heart Failure and 

Pulmonary Artery Catheterization Effectiveness (ESCAPE) 

trial researchers observed patients with advanced HF by 

hemodynamic monitoring using pulmonary artery catheter 

guidance and considered the following parameters: cardiac 

index, cardiac output, pulmonary capillary wedge pressure, 

and systemic vascular resistance. In these patients baseline 

RI results have demonstrated more clinical impact on the 

outcome than WRF, defined as a further creatinine increase 

of .0.3 mg/dL. The addition of hemodynamic monitoring to 

clinical assessment does not prevent WRF or improve renal 

function after discharge.20

In a retrospective analysis of 949 patients from the Out-

comes of a Prospective Trial of Intravenous Milrinone for 

Exacerbations of Chronic Heart Failure (OPTIME-CHF), 

Klein et  al21 investigated the relation between the admis-

sion values and changes in blood urea nitrogen (BUN) 

and eGFR, and the rate of death within 60  days after 

discharge. Independently of values at admission, an increase 

of .10 mg/dL in BUN during the hospitalization was associ-

ated with a worse 60-day survival rate: BUN (per 5 mg/dL 

increase) had a hazard ratio (HR) of 1.08 (95% confidence 

interval [CI] 1.01–1.16). The authors concluded that a higher 

admission BUN and increasing BUN during hospitalization, 

independently of admission values, are associated with a 

lower survival rate. Interestingly, BUN on admission and 

change in BUN during hospitalization were better predictors 

of poor outcome than the estimated GFR. Similar findings 

Acute kidney injury: RIFLE

Risk

Injury

Failure

Loss

ESRD End stage renal disease

Creatinine criteria Urine output criteria

UO < 0.3 mL/kg/h
× 24 hr or

anuria × 12 hrs

UO < 0.5 mL/kg/h
× 12 hr

UO < 0.5 mL/kg/h
× 6 hr

Creatinine increase
× 2

Creatinine increase
× 3

or creatinine ≥ 4 mg/dL 
(Acute rise of  ≥ 0.5 mg/dlL)

High
sensitivity

High
specificity

Persistent ARF = complete loss of
renal function > 4 weeks   

O
lig

ur
ia

Increased creatinine × 1.5
or creatinine increase

> 0.3 mg/dL

Figure 1 Acute kidney injury: risk, injury, failure, loss of kidney function, and end-stage kidney disease (RIFLE).
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were reported in a large Medicare cohort in which a higher 

BUN on hospital admission was a better predictor of post-

discharge death than the creatinine-based measurements in 

patients hospitalized for MI or HF.22

This observation could be explained by a higher 

baroreceptor-mediated nonosmotic arginine vasopressin 

(AVP) release which determines an increase in urea 

reabsorption in the collecting duct, leading to a BUN 

increase. In fact, in the OPTIME-CHF study, blood pressure 

levels were lower in the quartile of patients in whom BUN 

was higher. These patients would be expected to have higher 

baroreceptor-mediated nonosmotic AVP release. An increase 

in BUN was shown to be a marker of a more complex pattern 

of neurohormonal activation and not merely an index of 

renal dysfunction.23 In the Acute Decompensated Heart 

Failure National Registry (ADHERE), 30% of hospitalized 

patients with HF had a history of chronic RI and 20% 

had a serum creatinine level .2  mg/dL in an evaluation 

of 105,388  hospitalization episodes.24 The ESCAPE trial 

showed that 40% of advanced decompensated HF developed 

WRF during hospitalization in terms of creatinine clearance 

reduction, which is associated with an impaired outcome 

during the follow-up period.25

RI is a very common comorbidity also in patients affected 

by chronic HF. In a recent meta-analysis evaluating the 

impact of WRF in hospitalized HF patients during a 6-month 

follow-up, the authors showed a strong association with an 

unfavorable prognosis (odds ratio [OR] 1.62).26 Even in 

less advanced HF stages, RI demonstrated an association 

with increased LV systolic volume and a more advanced 

New York Heart Assocation (NYHA) class. Again, in the 

Studies Of Left Ventricular Dysfunction (SOLVD) trial, 

patients with moderate RI (creatinine clearance ,60 mL/min) 

experienced greater all cause mortality, pump failure death, 

and composite end point of death or hospitalization for 

worsening HF relative risk [RR] of 1.45.27 In a subsequent 

analysis of the same study, the authors found that in both the 

placebo and the enalapril group, older age, diuretic therapy, 

and diabetes were associated with decreased renal function, 

whereas a beta-blocker therapy and a higher ejection fraction 

were renoprotective.19 Older age was associated with a 

greater risk of developing decreased renal function in both 

groups, but significantly more so in the enalapril group.28 

The Cooperative North Scandinavian Enalapril Survival 

Study (CONSESS) studied patients with severe chronic 

HF (CHF) and excluded patients if their serum creatinine 

was .3.4 mg/dL. While only about 10% of patients had a 

serum creatinine .2.0 mg/dL.29

In the Candesartan in Heart Failure-Assessment of 

Reduction in Mortality and Morbidity (CHARM) Study, 

Hillege et al found a high incidence of impaired GFR in all 

three groups studied independently of systolic function, and 

they showed that GFR reduction was a stronger predictor for 

mortality than LV ejection fraction (EF) or NYHA class.30 

In the Valsartan in Heart Failure Trial (Val-HeFT), 5010 

patients with class II, III, or IV heart failure were randomly 

assigned to receive valsartan or a placebo and were screened 

for CKD and proteinuria. At baseline, CKD was found in 

58% and proteinuria in 8% of patients. Proteinuria was 

independently associated with mortality (HR 1.28, 95% CI 

1.01–1.62, P = 0.05) and first morbid event (HR 1.28, 95% 

CI 1.06–1.55, P = 0.01). However, the increased risk of death 

associated with proteinuria was similar for those subjects with 

and without CKD (HR 1.26, 95% CI 0.96–1.66 versus HR 

1.37, 95% CI 0.83–2.26; P = 0.94), as well as for the first 

morbid event (HR 1.26, 95% CI 1.01–1.57 versus HR 1.42, 

95% CI 0.98–2.07; P = 0.71).31

A recent systematic meta-analysis demonstrated that 

29% of patients affected with CHF had moderate to severe 

RI, and that during a 1-year follow-up, mortality occurred in 

38% and 51% of patients who, respectively, presented mild 

or severe RI compared with the patients with normal renal 

function. RI showed an incremental and linear increase in 

the mortality risk, with an increased risk of 15% for every 

0.5 mg/dL of creatinine increase.32 In a retrospective analysis 

of data from 1129 patients, a discharge serum creatinine 

level .2.5 mg/dL was the most powerful independent mul-

tivariate predictor of all-cause readmission (OR, 1.72).33 In 

a recent study, Tsagalis et al investigated the prevalence of 

HF and RI (defined as eGFR rate ,60 mL/min/1.73 m2) in 

patients with acute stroke: HF and RI were both independent 

predictors of mortality within 10 years and age, history of 

transient ischemic attacks and combined HF and RI were inde-

pendent predictors of new cardiovascular events (Table 1).34

Pathophysiologic mechanisms  
of HF in renal dysfunction
The mechanisms by which the onset of acute HF or ADHF 

leads to AKI are multiple and complex. The pathophysiology 

of the acute renal injury during ADHF is poorly understood and 

likely involves interrelated hemodynamic and neurohormonal 

mechanisms which could contribute to the worsening of 

the cardiovascular outcome in these patients. Particularly, 

neurohormonal activation is more intense in patients with 

acute RI and it is associated with altered tubuloglomerular 

feedback. In addition, more recent studies have demonstrated 
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the association between venous congestion rather than low 

cardiac output with WRF in ADHF.35 However, acute kidney 

injury leads to an increase in proarrhythmic risk, which 

could lead per se to an increased mortality.36 The clinical 

importance of each mechanism of acute renal injury is likely 

to vary from patient to patient (eg, acute cardiogenic shock 

versus hypertensive pulmonary edema). In acute HF, acute 

kidney injury (AKI) appears to be more severe in patients 

with impaired LV ejection fraction compared to those with 

preserved LV function, achieving an incidence  .70% in 

patients with cardiogenic shock.37

In chronic HF with concomitant RI other mechanisms 

have been proposed to explain the poor outcome. These 

include accelerated hypertension, LV hypertrophy, increased 

activation of the renin–angiotensin–aldosterone system 

(RAAS), reduced renal perfusion, diuretic resistance, and 

volume overload secondary to difficulties with sodium 

excretion. RAAS activation is predominant in patients 

with CHF and leads to several consequences: renal efferent 

vasoconstriction, increased peritubular capillary oncotic 

pressure, and reduced peritubular capillary hydrostatic 

pressure with kidney flow redistribution. Therefore, 

angiotensin itself causes proliferation of smooth muscle cells 

and adventitial fibroblasts in the vascular wall, intrarenal 

blood vessel thickening, intraglomerular hypertension, 

glomerulosclerosis, and tubulointerstitial fibrosis.38,39 These 

hemodynamic consequences result in both fluid retention 

and sodium reabsorption with an increased central venous 

pressure, which, as previously reported,35 is a key determinant 

of worsening renal function (Figure 1).

What is the relationship between common HF risk 

factors and WRF? When Forman et al40 analyzed WRF as a 

marker for poor outcome in patients with CHF or ADHF, the 

statistical analysis was adjusted for basal characteristics that 

may themselves determine WRF in patients with HF (male 

sex, kidney dysfunction at the time of hospital admission, 

worsened HF, tachyarrhythmia, and elevated blood pressure 

at hospital admission). In fact, these basal conditions can 

determine WRF and have also been demonstrated to be 

predictors of poor outcome in patients with HF, independently 

of their effect on renal function. Hillege et al in the CHARM 

study,30 showed how the number of comorbidities at baseline 

increased with a decreasing estimated GFR. In the study 

of Forman et  al after adjusting for potential confounding 

factors including demographics (age, race), medical history 

(atrial fibrillation, cerebrovascular accident, HF, diabetes, 

use of digoxin), admission characteristics (orthopnea, 

hypotension, edema, high respiratory rate, systolic blood 

pressure .160 mmHg), and lab values (potassium, creatinine, 

and BUN), the association between WRF and worse clinical 

outcomes remained significant. The authors proposed a model 

of four parameters (history of pre-existing HF, diabetes 

mellitus, admission creatinine of 1.5 mg/dL [132.6 µmol/L], 

admission systolic blood pressure  .160  mmHg) that are 

strongly and independently associated with WRF. This model 

distinguished the risks of developing WRF ranging from 10% 

to 53% among different HF patients.

The Kidney Early Evaluation Program (KEEP), a 

multicenter screening program for volunteer participants at 

risk for CKD, demonstrated that in white Caucasians RI was 

better defined by the eGFR, while microalbuminuria was 

more prevalent in members of minority races. The authors 

suggested using both eGFR and spot albumin:creatinine ratio 

to identify RI, especially in members of minority racial and 

ethnic groups.41

On the basis of these data, specific studies to weigh the 

risk factors (including WRF) and to determine poor outcome 

in patients with HF are mandatory as well as studies to clarify 

the relationship between comorbidities and WRF.

The concept of worsening renal 
function
The above-cited data clearly highlight the common co-existence 

of heart and kidney dysfunction and their associated poor prog-

nosis; however, some considerations are necessary: first, the 

definition of worsening renal function is not quite uniform in 

terms of cut off and method. As reported in the meta-analysis 

of Damman et al26 a rise in serum creatinine in patients with 

higher basal levels has a different meaning to a similar rise in 

patients with normal basal values. The authors concluded that 

the simplified Modification of Diet in Renal Disease (MDRD) 

formula is the most accurate to assess GFR in patients with 

HF and that mortality starts to increase significantly with an 

estimated GFR decrease of .9 mL/min/1.73 m2. Many studies 

have validated estimated creatinine clearance (Cockcroft–

Gault) and eGFR from plasma creatinine concentrations 

(MDRD). But several methodological problems do exist: the 

patient population studied, the analysis method and the cali-

bration of the creatinine method, the different GFR reference 

methods used, and the choice of the statistical method used 

for the comparison. MDRD is regarded as being less biased 

than GFR evaluated by Cockroft and Gault Formula; the 

creatinine-based formula is recommended for the follow-up 

of patients with CKD.42 However, a more accurate estimation 

of an individual renal function profile cannot be obtained only 

with a creatinine-based estimation of GFR. Even the evaluation 
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of serum levels of cystatin C has been recently proposed as a 

reliable marker of eGFR. Cystatin C is a cysteine proteinase 

filtered by the glomerulus and is metabolized by the proximal 

tubulus, but it is not secreted into the tubulus. Thus its clear-

ance, as well as creatinine clearance, could be employed as a 

reliable index of GFR. Cystatin C clearance is not affected by 

age, gender, and muscle mass which traditionally limits the 

creatinine-based GFR estimations, such as the Cockroft–Gault 

or MDRD formulas.43 In the study of Tidman et al44 several 

analytical methods for both creatinine and cystatine C GFR 

estimation were compared using plasma clearance of iohexol 

as a reference method. The authors concluded that both crea-

tinine and cystatine C estimates have a similar accuracy. Thus, 

it can be expected that combining GFR estimates from both 

these analyses should give rise to a more accurate eGFR and a 

better stratification of the renal dysfunction entity. Creatinine 

has a variable tubular secretion and reabsorption, but a small 

nonrenal clearance. Cystatin C, on the other hand, has a greater 

nonrenal clearance, which also appears to vary.

The sources of error for estimating GFR from cystatin C 

and creatinine are distinctly different. Thus, in patients with 

a small muscle mass who have a grossly abnormal creati-

nine production, the GFR estimate from cystatin C could be 

preferred.44 Several studies suggest the use of albuminuria 

as marker of renal dysfunction. Macroalbuminuria (defined 

as urinary albumin:creatinine ratio [UACR]  .300  mg/g) 

and microalbuminuria (ACR 30 to 300  mg/g) often pre-

cede the renal functional deterioration that is evidenced by 

the decline in GFR and are associated with an increase in 

cardiovascular (CV) risk in both diabetes and nondiabetes 

patients.45 In a recent analysis of the CHARM study46 the 

prevalence of microalbuminuria and macroalbuminuria, 

and the predictive value of spot UACR for the primary 

composite outcome (ie, death from CV causes or admis-

sion to hospital with worsening HF – and death from any 

cause) were assessed. Out of 2310 patients, 704 (30%) had 

microalbuminuria and 257 (11%) had macroalbuminuria. 

The prevalence of increased UACR was similar in patients 

with reduced and preserved LVEF. Patients with an increased 

UACR were older, had more cardiovascular comorbidities, 

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. 

Elevated UACR was associated with an increased risk of the 

composite outcome and death even after adjustment for other 

prognostic variables including renal function, diabetes, and 

hemoglobin A
1c

. This finding suggests that even a subclincal 
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deterioration of renal function, as assessed by an albuminuria 

estimation, could have a significant negative impact on the 

outcome of patients with HF.

Several studies have also recently proposed the clini-

cal use of serum neutrophil gelatinase-associated lipocalin 

(NGAL) levels in patients admitted to the hospital with 

ADHF, to estimate the risk of early worsening 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.47,48 

Recently, in 91 patients admitted to the hospital with ADHF 

Aghel et al49 observed significantly higher median admission 

serum NGAL levels in patients who developed WRF than in 

those without WRF (194 [interquartile range, IQR 150–292] 

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

observed that patients with NGAL values $140 ng/mL at 

admission had a 7.4-fold increase in the risk of developing 

WRF, with a sensitivity and specificity of the cut-off of 86% 

and 54%, respectively. There is no clear current consensus 

on a definition definition of WRF. (Table 2).

There is an urgent need to better analyze this aspect 

by specific studies. Some questions need to be clarified, in 

particular:

•	 What does the term WRF mean? What is the best labora-

tory index to define this condition? Can we obtain a uni-

versally recognized cut-off to define RI? Can we use the 

same cut-off for both patients with acute HF and CHF?

•	 Comorbidities in HF are determinants of poor outcome 

because they cause WRF: is it merely a marker of all 

these factors, or an independent contributor syndrome in 

the outcome of patients with HF?

Therapeutic implications
Patients with renal disease are more likely to die of CV 

disease than to progress to end-stage renal disease.50 Typically 

HF patients with creatinine  $2.5  mg/dL have been sys-

tematically excluded from therapeutic trials, and therefore 

the optimal pharmacotherapy for patients with HF and RI 

remains uncertain. Coca et al51 reviewed 153 trials in order 

to quantify the representation of patients with renal disease 

in randomized controlled trials for interventions proven effi-

cacious for CV disease. They revealed that 86 of 153 trials 

(56%) excluded patients with renal disease and that absolute 

definitions (eg, threshold serum creatinine level) were used 

for renal disease in the protocols for only 5 trials. In most 

of the remaining cases, the criterion for exclusion of “renal 

disease” or the equivalent term was left up to interpretation 

by the individual site.

Current therapies for the majority comprise the use of 

inotropic and vasoactive agents, besides neurohormonal antag-

onists (ie, angiotensin-converting enzyme inhibitors [ACEi], 

AT1 receptor blockers, and beta-blockers) and diuretics. Only 

a minority of patients undergo mechanical support, ultrafiltra-

tion, or natriuretic peptide administration.52

The rationale for effective treatment is to prevent the 

extracellular fluid overload by increasing the renal blood 

flow and inhibiting the RAAS pathways.53 The symptomatic 

benefit of diuretics in patients with HF has led to almost 

universal clinical acceptance, even though their efficacy and 

safety have never been evaluated in large randomized clinical 

trials. Use of diuretics involves a delicate balance. Although 

HF and RI frequently require increasing doses of diuretics, 

it is essential to carefully assess the therapeutic response to 

these drugs. The dose must be sufficient to achieve effective 

relief of fluid overload and its ensuing symptoms without 

stimulating adverse physiologic effects.54 The prevalence 

of diuretic resistance in the HF population is unknown. In a 

retrospective analysis of 1153 patients with advanced chronic 

HF, 402 patients had diuretic resistance (defined in this study 

as requirement of furosemide .80 mg or bumetanide .2 mg 

daily). Diuretic resistance was independently associated with 

total mortality, sudden death, and pump failure death.55

The use of inotropic agents is largely accepted, particularly 

in patients with low blood pressure and poor cardiac output, 

although clinical trials, despite an improvement in hemody-

namic profile, were not able to demonstrate a clear benefit when 

administered: data from the ADHERE registry showed that 

patients receiving milrinone or dobutamine had significantly 

greater in-hospital mortality than those who received nitroglyc-

erin or nesiritide.56 In the ESCAPE trial, after adjustment for 

Table 2 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, prerenal postrenal 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-pro BNP Hemodynamic overload, 

neurohormonal activity
Cystatin C Proximal tubule injury

Abbreviations: BNP, brain natriuretic peptide; KIM-1, kidney injury molecule 1; 
NGAL, neutrophil gelatinase associated lipocalin; NHE3, Na/K exchanger isoform.
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renal function and blood pressure, the use of inotropic agents 

was associated with a significantly worsened outcome.57 Physi-

ologically, low-dose dopamine (,5 µg/kg/min) may increase 

renal blood flow by direct vasodilatation (dopamine recep-

tors), and at higher doses by increasing cardiac output (beta-

receptors) or increasing perfusion pressure via vasoconstriction 

(alpha-receptors). Dopamine also inhibits aldosterone release 

and inhibits sodium–potassium ATP–pump at the tubular 

epithelial cell level, resulting in increased sodium excretion 

and thereby diuresis.58,59

In spite of extensive use in clinical practice of low-dose 

dopamine in patients with or at risk for acute or WRF, there 

is insufficient evidence of real clinical benefits from this 

treatment. A large meta-analysis by Kellum and Decker, which 

included data from 51 studies published from 1966 to 2000 on 

the use of dopamine to prevent and/or treat renal dysfunction, 

showed that dopamine did not prevent mortality (RR 0.90 

[0.44–1.83]; P = 0.92), onset of acute renal failure (RR 0.81 

[0.55–1.19]; P = 0.34), or need for dialysis, (RR 0.83 [0.55–

1.24]; P = 0.42). The authors concluded that “the use of low-

dose dopamine for the treatment or prevention of acute renal 

failure cannot be justified on the basis of available evidence 

and should be eliminated from routine clinical use.”60

Vasodilators decrease preload and afterload by reducing 

ventricular work, increasing stroke volume and cardiac out-

put.61 Human B-type natriuretic peptide has multiple biologic 

and pharmacologic effects, and in its synthetic recombinant 

form, nesiritide, has been approved by the US Food and Drug 

Administration for the treatment of acute heart failure syndrome 

(AHFS).62 In the context of cardiorenal dysfunction, renal 

effects of nesiritide was first addressed by Wang et al63 who 

studied the effect of nesiritide versus placebo in 15 patients 

with CHF. The results showed that nesiritide had no effect on 

GFR, renal plasma flow, urine output, or sodium excretion. 

Sackner-Bernstein et al64 performed a meta-analysis of random-

ized, double-blind, parallel-group controlled trials of nesiritide 

(versus placebo or active control) in patients with ADHF to 

assess the risk of WRF. The results suggested that nesiritide may 

have adverse impacts on renal function. Despite these negative 

studies, subsequent studies and observations have suggested that 

nesiritide may still hold promise as a renal-protective therapy 

in advanced HF therapy when used in appropriate doses. The 

Follow-Up Serial Infusion of nesiritide trial,65 was designed 

to look at intermittent infusion of nesiritide in patients with 

comorbid advanced HF and RI. Infusions were given either 

once weekly or twice weekly over 12 weeks. Nesiritide at these 

two doses was well tolerated with no increase in incidence of 

WRF. Recently, Owan et al66 evaluated the effects of nesiritide 

at the standard dose of 2 µg/kg/min followed by an infusion of 

0.01 µg/kg/min for 48 hours in 72 patients with AHFS and renal 

dysfunction: they did not reveal any renal function impairment 

in terms of creatinine and BUN increase. The role of nesiritide 

as a renal-protective and dieresis-promoting therapy in AHFS 

remains promising but requires further study.

In the Ultrafiltration Versus Intravenous Diuretics for 

Patients Hospitalized for Acute Decompensated Heart Failure 

(UNLOAD) trial, a prospective, randomized, multicenter 

trial of early ultrafiltration versus intravenous diuretics in 

200 patients hospitalized with HF, mild RI, and hypervolemia, 

despite similar fluid loss with ultrafiltration and continuous 

diuretic infusion, at 90  days there were mild significant 

differences between the two groups in terms of patients 

rehospitalized for HF (16 of 89 [18%] versus 28 of 87 [32%]; 

P = 0.037), and length of hospitalization (1.4 to 4.2 versus 3.8 

to 8.5 in days; P = 0.022). The only significant advantage in 

the ultrafiltration group was in terms of unscheduled office 

and emergency department visits (14 of 65 [21%] versus 29 

of 66 [44%]; P = 0.009).67 In the most recent AHA practice 

guidelines,4 hemofiltration or dialysis were recommended in 

patients with a serum creatinine .5 mg/dL, to control fluid 

retention, minimize the risk of uremia, and to allow the patient 

to respond and to tolerate the drugs routinely used for the 

management of HF. In the OPTIME-CHF study,21 a signifi-

cant rise in jugular venous pressure was observed, as quartile 

BUN values rose. The associated volume overload determines 

an activation of RAAS. In this clinical context, hemofiltration 

therapy, reducing fluid overload, could potentially reduce 

RAAS activation.23 In The Registry to Improve the Use of 

Evidence-Based Heart Failure Therapies in the Outpatient 

Setting (IMPROVE-HF) it was reported that, in patients with 

HF and LV dysfunction, the severity of concomitant chronic 

kidney disease was an independent predictor of adherence 

to ACEi/ARBs therapy, but not to any of the other guideline 

recommended measures in outpatient cardiology practices.68 

The potential benefit of ACEi/angiotensin-receptor blocker 

(ARB) therapy in patients with HF and moderate to severe 

RI is still unclear. Masoudi et  al reported similar or even 

increased survival rates for ACEi-treated HF patients with 

concomitant severe RI compared with patients with moderate 

IR or normal renal function.69 In contrast to these findings, 

Ezekowitz et al70 did not observe any potential benefit in terms 

of mortality rates in patients with ischemic HF and creatinine 

clearance ,30 mL/min who underwent ACEi therapy.32 Two 

studies have probed the potential benefit of therapy with 

the beta-blocker carvedilol in dialysis patients with dilated 

cardiomyopathy. In a follow-up of this patient group over 
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several years, there were superior survival and fewer hospi-

talizations in the beta-blocker-treated group compared with 

placebo, suggesting a potential beneficial role for carvedilol 

in this clinical setting.71,72 Recently a potential beneficial role 

in patients with ADHF and RI has been proposed for rolofyl-

line, an adenosine A
1
 receptor antagonist. The PROTECT 

trial73 has been designed to investigate its potential role and 

to determine an efficacious dose. In 301 patients hospital-

ized for AHF with an estimated creatinine clearance of 20 

to 80 mL/min and elevated natriuretic peptide levels within 

24 hours of presentation, placebo or rolofylline 10, 20, or 

30  mg was administered as 4-hour infusions for 3  days 

in addition to intravenously administered loop diuretics. 

Serum creatinine increased in patients receiving placebo 

and remained stable or tended to decrease in those receiv-

ing rolofylline. After 2 weeks of treatment a stabilization 

in the increase in creatinine levels was observed in patients 

who received rolofylline compared with those who received 

placebo; increased dose of rolofylline showed a linear cor-

relation with the decrease of creatinine levels, although less 

significant (r = −0.12, P = 0.030). The authors also observed 

that treatment with rolofylline 30 mg was associated with a 

trend toward reduced 60-day mortality or early readmission 

for CV or renal failure (HR 0.55; 95% CI 0.28–1.04).

Hyponatremia can be considered a common occurrence 

in severe decompensated HF and a complication of diuretic 

therapy. The pathogenesis of this disorder could be due to a 

more severe activation of the RAAS, sympathetic nervous 

system, and higher AVP levels. Hyponatremia is often 

associated with serum volume expansion that necessitates 

an increase in the use of diuretics. In the OPTIMIZE-CHF 

registry, patients with hyponatremia had significantly higher 

in-hospital and follow-up mortality rates and longer hospital 

stays. This population showed increased risk of in-hospital 

mortality and follow-up mortality.74 Tolvaptan, a selective 

V2-receptor antagonist, was tested as a new drug in patients 

with ADHF. In ACTIV and CHF studies a trend toward 

lower mortality was found in the subgroup of patients with 

high levels of BUN or severe systemic congestion. A post 

hoc analysis confirmed BUN as significant predictor of 

both mortality and the composite endpoint of death or HF 

hospitalization at 60 days. However in terms of the clinical 

outcome, these data should be interpreted with caution: these 

were phase II studies, with a relatively small database, and 

perhaps all the factors that could have affected the outcome 

may not have been analyzed, which could have confused the 

association between BUN levels and outcome. In the Effi-

cacy of Vasopressin Antagonism in Heart Failure Outcome 

Study With Tolvaptan (EVEREST) short- and long-term 

effects of tolvaptan in patients hospitalized with ADHF and 

documented evidence of impaired LVEF were investigated. 

Although a significant clinical improvement (dyspnea, 

edema, body weight, and serum sodium) was revealed in the 

early phase, the longer-term safety outcome trial showed no 

effect, favorable or unfavorable, on its primary outcome.75 

More targeted studies are needed to improve the therapeutic 

strategies in patients with RI and HF.

Conclusion
HF and RI are two clinical conditions that are often associated 

particularly in some subtypes of patients with common risk 

factors and CV characteristics (ie, hypertension, diabetes, 

older age, high atherosclerotic burden). RI in HF patients 

has become increasingly recognized as an independent risk 

factor for mortality, unfortunately the most important clinical 

trials in HF tend to exclude patients with RI. Moreover RI 

and HF may worsen each other by amplifying pathophysi-

ologic mechanisms that lead to the development of a vicious 

circle. Because of several confounding factors, it remains 

still unclear whether a WRF specifically contributes to a 

poor outcome or whether it is merely a marker of advanced 

cardiac failure and RI. The lack of specific studies evaluat-

ing the clinical impact and strategic treatment of RI in acute 

HF and CHF means that a univocal clinical approach has 

not been established. Thus, the association between the two 

conditions needs to be further studied with multicentric 

clinical trials in this field.
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