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Abstract Renal dysfunction is often present and/or
worsens in patients with heart failure and this is associated
with increased costs of care, complications and mortality.
The cardiorenal syndrome can be defined as the presence or
development of renal dysfunction in patients with heart
failure. Its mechanisms are likely related to low cardiac
output, increased venous congestion and renal venous
pressure, neurohormonal and inflammatory activation and
local changes, such as adenosine release. Many drugs,
including loop diuretics, may contribute to worsening renal
function through the activation of some of these mecha-
nisms. Renal damage is conventionally defined by the
increase in creatinine and blood urea nitrogen blood levels.
However, these changes may be not related with renal
injury or prognosis. New biomarkers of renal injury seem
promising but still need to be validated. Thus, despite the
epidemiological evidence, we are still lacking of satisfac-
tory tools to assess renal injury and function and its
prognostic significance.
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Introduction

Acute heart failure (AHF) is the most important cause of

hospitalization in the adult subjects in Western countries
with approximately 3 million hospitalizations as first
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diagnosis or contributing factor in United States [1, 2] and
similar rates have been described in Europe [3]. Although
the optimization of therapy and the introduction of new
drugs and devices have improved outcomes, the prognosis
of the patients remains unsatisfactory. Mortality rates are
still high with in-hospital mortality rates of 3-4%, post-
discharge mortality rates of approximately 10% and
rehospitalization rates of about 25% in the 60-90 days
after an admission for AHF [4, 5]. Renal dysfunction
seems to have a major impact both on patients’ clinical
presentation and treatment as well as on their prognosis
[6-8]. Studies have been conducted mainly based on an
assessment of renal function using serum creatinine levels
and their changes during the AHF hospitalization. We
will focus in the present article on the results obtained
with the assessment of renal function through serum
creatinine levels and the clinical significance of these
findings.

Epidemiology of renal dysfunction in heart failure

The prevalence of renal dysfunction is steadily increasing.
In United States, it is estimated that 6.2 million people
have serum creatinine levels (sCr) >1.5 mg/dl [9]. Renal
dysfunction is one of the most common comorbidity
among patients hospitalized for heart failure (HF). In the
Acute Decompensated Heart Failure National Registry
(ADHERE), 30% of the patients had renal failure with 21%
with sCr >2.0 mg/dl [6]. Similar data have been described
in other studies. In the Evaluation Study of Congestive
Heart Failure and Pulmonary Artery Catheterization
Effectiveness (ESCAPE), the proportion of patients with an
estimated glomerular filtration rate (eGFR) <60 ml/min
was 31.4% [10]. Among patients with chronic heart failure,
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in the Digitalis Investigation Group (DIG) trial, the prev-
alence of renal dysfunction was 45% [11]. The prevalence
of moderate to severe renal dysfunction was 36% in the
Candesartan in Heart Failure Assessment of Reduction in
Mortality and Morbidity (CHARM) [12] and 33.4% in the
recent the Eplerenone in Mild Patients Hospitalization And
Survival Study in Heart Failure (EMPHASIS-HF) [13].
Renal dysfunction has been associated with poorer out-
comes in patients with HF with higher in-hospital, post-
discharge and long-term mortality and prolonged duration
of the hospitalization [14]. In a meta-analysis, annual
mortality rates were 26% in patients without renal dys-
function versus 41% in the patients with any impairment of
renal function and 51% (P < 0.001) in those with moderate
to severe impairment (P < 0.001). Subgroups analysis
showed that patients with renal dysfunction, symptoms of
congestion and NYHA functional class III or IV had a
higher mortality risk [15].

Patients hospitalized for AHF often develop worsening
renal function. Although still controversial, worsening
renal function is often defined as an increase in sCr
>0.3 mg/dl from baseline value [15-17]. In a first meta-
analysis of 16 studies including 80,098 patients, worsen-
ing renal function was associated with a 47% increase in
one-year mortality, with a 33% increase in mortality for
every | mg/dl increase in sCr, whereas its relationship
with rehospitalizations was marginal [15]. Damman et al.
reported a 61% increase in risk of death and a 30%
increase in the risk of all-cause readmission associated
with worsening renal function after 2—6 months of follow-
up [18].

Fig. 1 Mechanisms of
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Causes of renal dysfunction in AHF

There is a close relationship between renal and cardiac
dysfunction and this has been the basis of the concept of
cardio-renal syndrome (CRS) (Fig. 1). However, it is not
yet clear how the biochemical, hormonal and hemody-
namic pathophysiological factors and pharmacological
interventions interact to cause this syndrome (Table 1).

Neurohormonal activation
Renin-angiotensin-aldosterone system

The renin-angiotensin-aldosterone system (RAAS) causes
sodium retention, ventricular remodeling and determinates
poor outcomes of the patients with HF. ACE inhibitors and
angiotensin receptor blockers (ARBs) protect renal func-
tion in patients with hypertension and diabetes AT II has
untoward effects on kidney function likely mediated by
endothelial dysfunction, oxidative stress, inflammation and
fibrosis [19-21].

Sympathetic activity

Although the effects of hyperactivity of the sympathetic
nervous system on the heart are well described, little is
known about its renal effects. In the kidneys, increase in
sympathetic activity leads to activation of the RAAS, and
then further sodium retention and baroreceptors-mediated
renal vasoconstriction [22]. These effects are greater in
patients with HF and advanced renal dysfunction due to a

Heart Failure

Arterial
hypertension

Neurohormonal activation

Low cardiac output and

Diabetes mellitus renal hypoperfusion

Dyslipidemia Increased renal venous
; pressure and vascular
Smoking resistance
Obesity Inflammation and fibrosis
Chronic AVP release

inflammation

Renal Dysfunction




Heart Fail Rev (2012) 17:271-282

273

Table 1 Causes of renal dysfunction in HF

Mechanism

Therapeutic approach

Neurohormonal activation RAA system activation

Increased sympathetic activity
AVP release
Hemodynamic abnormalities Low cardiac output

Renal hypoperfusion

Central venous pressure and intra-abdominal pressure

elevation

ACEi, ARBs, aldosterone antagonist, renin
inhibitors?

Beta-blockers?
AVP receptor blockers?

Inotropes?

Vasodilator, diuretics?

Increased renal venous pressure and renal vascular

resistances
Intrarenal mechanisms Adenosine release
Tubuloglomerular feedback
Inflammation and fibrosis Cytokines release

Endothelial dysfunction

Caspase activation and apoptosis

Oxidative stress
Anemia/Hypoxia Erythropoietin deficit/resistance

Iron deficit

Adenosine receptor blockers?

77?

Erythropoietin? Iron supplements?

RAA system Renin-angiotensin aldosterone system, AVP Arginine vasopressin

lower clearance of circulating catecholamines. In a recent
pilot study in patients with resistant hypertension who
underwent renal sympathetic denervation, investigators
have observed a significant improvement in estimated
glomerular filtration rate (eGFR) in 24% of cases [23].

Cardio-renal anemia syndrome

Anemia is often observed in patients with HF and renal
dysfunction [24, 25]. It has multiple mechanisms including
erythropoietin deficiency (in advanced renal dysfunction),
insensitivity to elevated erythropoietin levels caused by
inflammation and iron deficiency [26]. Erythropoietin has
antiapoptotic and antioxidant effects, independent from its
effects on serum hemoglobin levels [27, 28]. It is not clear
whether anemia is a mere marker of worse prognosis in HF
or an active mechanism contributing to CRS.

Low cardiac output

Patients with HF may progress to a chronic low cardiac
output state with renal hypoperfusion and reduced eGFR
[29]. This causes activation of renin release by the
juxtaglomerular cells located in the afferent arterioles
with consequent RAAS activation leading to sodium
retention, volume expansion and ventricular remodeling
[30].

Central venous pressure and intra-abdominal pressure
elevation

An increase in central venous pressure, as in HF patients,
causes an increase in the glomerular efferent arteriole
pressure with a reduction of the glomerular filtration
pressure gradient and a fall of the glomerular filtration
rate. In a study, 145 consecutive patients admitted for
AHF and treated with intensive medical therapy guided
by pulmonary artery catheterization, central venous
pressure either on admission or after intensive medical
therapy, was the most important determinant of the
development of worsening renal function, defined as an
increase in sCr from admission of >0.3 mg/dl. No dif-
ference in the other hemodynamic variables, including
blood pressure, pulmonary artery pressure and pulmonary
wedge pressure were found between the patients who
developed or not worsening renal function. Rather unex-
pectedly, cardiac index was greater in the patients with
worsening renal function both at baseline and after
treatment [31]. Consistent results were simultaneously
published by Damman et al. who studied the relationship
between renal dysfunction and hemodynamic parameters
in 2,557 patients hospitalized for cardiac catheterization.
They found that central venous pressure was the most
important determinant of renal dysfunction and was the
most important independent predictor of mortality [32]. In
another study in 40 consecutive patients admitted for
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acutely decompensated HF, intra-abdominal pressure,
measured by a transvescical technique, was higher in the
patients with worse renal function and, importantly, a
significant correlation was observed between reduction in
intra-abdominal pressure and improved renal function
after treatment in patients with elevated values at baseline
[33]. Further studies have confirmed the role of central
venous pressure as a determinant of renal dysfunction in
patients with HF [34, 35].

Intrarenal mechanisms—adenosine release

Adenosine concentration is increased in patients with HF
[36]. In the kidney, adenosine is released by the juxta-
glomerular cells in response to increase in sodium load in
the distal tubule, sensed by the macula densa cells.
Adenosine binds to A;-receptors located in the proximal
tubule and afferent arterioles of the glomerulus. This leads
to a reduction in intracellular cyclic adenosine mono-
phosphate (cAMP) and an increase the activity of baso-
lateral Na™-HCO;~ symporter in the proximal tubule and
to constriction of the afferent glomerular arteriole. Thus,
adenosine release following an increase of sodium load to
the distal tubule, as during intensive diuretic treatment for
AHF, leads to sodium retention and reduces GFR. Thus
adenosine release may be a major mechanism of renal
dysfunction after high-dose furosemide treatment [37].
However, studies with type la-adenosine receptors
blocking agents have failed to show a major improvement
in renal function despite mild diuretic and saluretic
effects, likely related to the effects on the proximal tubule,
were found [38].

Effects of treatment on serum creatinine levels

Many drugs used in treatment of AHF can directly or indi-
rectly affect renal function. Loop diuretics are the mainstay
treatment of AHF. However, loop diuretics, mainly furose-
mide, have been associated with increase in sCr levels and
worse outcomes in several series of patients hospitalized for
heart failure and in outpatients setting [39-42]. Moreover,
patients may become resistant to their effects so that higher
furosemide doses may be necessary to achieve a satisfactory
diuretic and saluretic response with, in more advanced
stages, the need of further tools, such as hemodialysis or
peritoneal dialysis to treat fluid overload. The mechanisms
of diuretic resistance are multiple and hence treatment may
vary. They have been thoroughly examined in recent
reviews [43—-45] and are outlined in Table 2.

In a sub-analysis of the SOLVD (Studies Of Left Ven-
tricular Dysfunction), the use of loop diuretics was a pre-
dictor of increased risk of renal impairment in the
multivariable model [35]. In the ESCAPE trial, the inves-
tigators found a small correlation between maximal diuretic
dose and changes in serum creatinine (r = 0.043;
P = 0.412) and eGFR (r = —0.0149; P = 0.777) [46]. In a
study conducted at our center on 318 consecutive patients
admitted for AHF, worsening renal function, defined by an
increase in sCr of both >0.3 mg/dl and >25% from the
values on admission, was found in 107 patients (34%) [40].
The patients who had developed worsening renal function
were more likely have a history of preexisting renal disease
and more severe HF symptoms, at the time of admission. In
addition, they were treated with higher doses of furosemide
during the hospitalization and at discharge. At multivariable

Table 2 Causes of resistance to furosemide, modified from Metra [44]

Cause

Mechanism

Treatment

Excessive dietary sodium
Gut congestion
Chronic renal dysfunction

| Cardiac output
T Renal venous pressure
Diuretic induced hyperfunction: post-diuretic

effect and braking effect
Diuretic induced hypertrophy
Renin-angiotensin activation

Aldosterone release

Vasopressin release

T Tubular sodium load
Furosemide malabsorption
| Glomerular filtration rate

| Glomerular filtration rate

1 Proximal tubule and loop of Henle
sodium absorption

Distal tubule cell hypertrophy:
1 sodium absorption

1 Proximal and distal tubule sodium
absorption

1 Distal tubule sodium/potassium
exchange

Free water retention at the distal tubule
and collector duct

Sodium restriction
Switch to torasemide/start i.v. infusion

Stop NSAIDs/| dose or withdraw ACEi/ARBs/
consider hemofiltration

Add Inotropic agents/hemodynamic support

1 Diuretic dose/use multiple diuretic daily doses or
continuous i.v. infusion

Combination of loop diuretics with thiazide
diuretics
Add ACEi/ARBs

Add aldosterone antagonist

Water restriction/add vasopressin antagonist
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analysis, the only independent predictors of worsening renal
function were history of chronic kidney disease, furosemide
daily dose on admission, New York Heart Association
(NYHA) functional class and left ventricular ejection
fraction. Thus, this study suggests that furosemide admin-
istration may be independently related with the develop-
ment of renal dysfunction, defined based on sCr levels.

In the recent Determining Optimal Dose and Duration of
Diuretic Treatment in People with Acute Heart Failure
(DOSE-AHF) study, patients who received high doses of
furosemide, compared to patients who received lower
doses, had a greater rate of worsening renal function, but
similar prognosis at 60 days [47]. These last data suggest
that an increase in diuretic dose may actually have bene-
ficial effects when used in patients who need them because
of fluid overload.

Thus, overdosing of diuretic therapy can cause fluid
contraction and arterial underfilling with further neuro-
hormonal activation and HF progression. However, also
diuretic underdosing may be detrimental as it may cause
persistent fluid overload and congestion with persistent
symptoms, further deterioration in renal function, through
the effects of increased renal venous pressure, and neuro-
hormonal activation through the effects of increased
myocardial stress.

Other agents may have an impact on renal function.
Administration of inotropic agents may be indicated to
improve left ventricular systolic function and, hence, renal
perfusion and function and the response to diuretic therapy.
Dopamine, when administered at low doses, may rather
selectively improve renal blood flow in both the large
conductance and small resistance renal blood vessels
through its action on DA1 receptors and this was attended
by an improvement in diuresis and by small, but favorable,
changes in renal function, in some studies [48—50]. Despite
these results, no data have shown favorable effects of
dopamine infusion on major outcomes, defined as either
mortality, rehospitalizations and prevention of renal dam-
age [51]. Thus, there is no evidence to recommend dopa-
mine administration for the protection of renal function in
patients with fluid overload and need of diuretic treatment.
In the recent Dopamine in Acute Decompensated Heart
Failure (DAD-HF) trial, 60 consecutive patients hospital-
ized for AHF were randomized to high doses of furosemide
or low doses of furosemide plus low doses of dopamine.
Worsening renal function and hypokaliemia were more
frequent in the high doses arm (P = 0.042 and P = 0.003,
respectively), although the 60 days outcomes were similar
in both groups. The study had some limitations, related to its
small sample size, which do not allow to draw conclusions
regarding the effects on outcomes, as well as with regards of
the relatively high average systolic blood pressure on
admission (176 £ 33 and 157 £ 28 mmHg in high-dose

furosemide and dopamine group, respectively) [52]. Lastly,
alow furosemide dose regimen was not examined. For these
reasons, further studies are needed.

Dobutamine administration has been associated with an
increase in diuresis and natriuresis, likely caused by the
increase in cardiac output, as renal blood flow was not
selectively increased [53]. Levosimendan was studied
in 88 patients admitted for AHF requiring inotropic
therapy. Levosimendan administration was associated with
an improvement from baseline in eGFR, compared with
dobutamine, at 24 (+15%, P < 0.001) and 72 hours (45%,
P < 0.001). Nevertheless, these data were obtained in
small, single-center trials and need confirmation by larger
studies.

The beneficial effects of natriuretic peptides explain the
active research for synthetic analogs to be used in the
treatment of HF [54]. Among them, nesiritide, a recombi-
nant human BNP, is the most important, as studied in large
randomized, controlled, trials [55, 56] and approved for
treatment in the United States and other countries but not in
most of the European countries [57, 58]. It has been
associated with an improvement in dyspnea and a reduction
in pulmonary capillary wedge pressure, compared with
placebo, in randomized studies [28]. BNP infusion has
been shown to increase diuresis and natriuresis in normal
subjects and to prevent deterioration of renal function in
post-cardiac surgery patients [59]. However, these effects
were not shown in patients with HF [60]. Meta-analyses of
previous randomized trials had raised concerns regarding
untoward effects on renal function and mortality of nesir-
itide infusion [61]. In order to assess the effects of nesiri-
tide on symptoms and outcomes of the patients with acute
HF, the Acute Study of Clinical Effectiveness of Nesiritide
in Decompensated Heart Failure (ASCEND-HF), was
designed [56]. This study included 7,141 patients with
AHF, randomized to placebo or nesiritide. The trial con-
firmed that nesiritide administration was associated with an
improvement in dyspnea, compared with placebo, although
not meeting the prespecified criteria for statistical sig-
nificance. No effects on outcomes were found. Thus,
ASCEND-AHF showed the safety of nesiritide adminis-
tration although with only mild effects on symptoms and
no effects on outcomes [62]. Carperitide (recombinant
ANP), urodilatin and ularitide are other natriuretic peptides
used in some countries (carperitide, available in Japan)
and/or undergoing clinical research [63].

Adenosine type Al antagonists: a renal specific
therapy?

Adenosine acts on receptors expressed in the afferent
arteriole, causing vasoconstriction and reduced renal blood
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flow. It also promotes sodium retention and activation of
the tubuloglomerular feedback, a mechanism through
which the increased sodium load in the tubule leads to
increased adenosine release and hence afferent arteriole
constriction and reduced eGFR [64].

Blockade of adenosine type 1 receptors was therefore a
mechanism potentially useful for renal protection. The first
small studies with A; adenosine receptor antagonists were
consistent with this hypothesis. Gottlieb et al. studied 12
patients with HF receiving either BG9719 alone, furosemide
alone or their combination. The administration of the adeno-
sine antagonist was associated with a lower decrease in eGFR
after concomitant furosemide administration (P < 0.005)
with a further increase in renal sodium excretion. Further
studies confirmed these favorable findings [65, 66].

Unfortunately, as often in clinical cardiology, the results
of smaller, mechanistic trials were not translated in larger
multicenter trial. In the PROTECT trial (A Placebo-con-
trolled Randomized study of the selective A; adenosine
receptor antagonist rolofylline for patients hospitalized with
acute heart failure and volume Overload to assess Treatment
Effect on Congestion and renal function), 2,033 patients
admitted for AHF were enrolled and randomized 2:1 to the
type 1A adenosine antagonist rolofylline or placebo.
Worsening renal function, defined as an increase from
baseline >0.3 mg/dl of serum creatinine at day 7 from
enrollment persisting at day 14 was, for the first time,
included as a component of the primary end-point and as an
essential component, together with dialysis or hemofiltra-
tion, of a secondary end-point. However, despite the favor-
able results of preliminary studies, PROTECT failed to show
any beneficial effect of rolofylline on worsening renal dys-
function. Actually, the proportion of patients who developed
worsening renal function was numerically greater with rol-
ofylline compared with placebo, whereas rolofylline, likely
through its mild diuretic effects, had a favorable effect on
dyspnea as well as short-term mortality [67]. Rolofylline
was also associated with higher rates of seizures and stroke,
compared with placebo, and this has further inhibited any
development of the drug by the sponsoring company [68].

In conclusion, many drugs can affect serum creatinine
levels despite small effects on outcomes. This is consistent
with limitations in our current assessment of renal function,
mainly through serum creatinine changes. We will discuss
herewith limitations of serum creatinine measurements as
well as new tools for assessing renal function.

Is serum creatinine an accurate marker of renal
function and renal injury?

Definitions of renal dysfunction are almost universally
based on serum creatinine changes. However, many
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limitations of serum creatinine, as a marker of renal dys-
function, have been recently shown and up to 20 or more
markers of renal dysfunction are currently in an advanced
stage of assessment (Table 3) [69]. Serum creatinine is
related to other variables, namely, age, gender and muscle
mass [70, 71]. A subject with increased muscle mass has
higher serum creatinine levels, compared with a cachectic
patient and this is important as HF, as many chronic dis-
eases, associated with muscle wasting especially in more
advanced stages.

Serum creatinine is not sensitive for the detection of
renal injury, above all in experimental models or subjects
with a substantial renal reserve. Histological studies have
shown that a relatively large amount of renal damage can
occur without producing a change in eGFR calculated on
the basis of serum creatinine levels. The percentage
changes in serum creatinine after severe acute renal injury
are highly dependent on baseline kidney function so that
serum creatinine levels start to increase only at advanced
stages of renal dysfunction when renal function is initially
normal whereas they overestimate renal damage when
renal function is already abnormal so that a relatively large
increase in serum creatinine may occur with a slighter
decrease in renal function [71-74]. Because of this expo-
nential relationship between serum creatinine changes and
eGFR changes, worsening renal function may be better
defined by either an absolute increase from baseline and a
percent increase. We recently showed that worsening renal
function was related with outcomes, when expressed as
both a >0.3 mg/dl increase and >25% increase from
baseline values, whereas it had no independent prognostic
value, when defined only by absolute changes from base-
line [40].

Moreover, serum creatinine has a slow kinetics. Large
changes in eGFR may be associated with relatively small
changes in serum creatinine levels in the first 24-48 h after
acute kidney injury resulting in a delayed diagnosis and
underestimation of the degree of injury. Serum creatinine
kinetics is also dependent on baseline renal function so that

Table 3 Limitations of serum creatinine as a marker of renal
dysfunction

Influenced by age, gender, muscle mass
Exponential relation with renal function
Not sensitive to renal injury in the early stages of renal damage
Overestimates renal damage in advanced renal dysfunction
Slow kinetic
Late detection of renal injury
Dependency on baseline renal function

Sensitive to changes in renal function not related to damage
(dehydration, overdiuresis...)
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time to reach a 50% increase in serum creatinine ranges
from 4 h when renal function is normal at baseline to up to
27 h in stages of advanced renal dysfunction [75].

Serum creatinine levels measure renal function but not
renal injury. This has another shortcoming as changes in
renal function may occur as a consequence of changes in
volume status in the absence of any renal damage. This
often occurs in patients undergoing treatment with rela-
tively high doses of furosemide for acute HF. In an analysis
of the ESCAPE trial, Testani et al. studied the correlation
between hemoconcentration and renal function. Hemo-
concentration was defined on the basis of change in the
hematocrit, serum albumin and total protein levels, and
worsening renal function was defined by a >20% decrease
in GFR. Hemoconcentration was strongly associated with
worsening renal function (odds ratio, 5.3; P < 0.001),
whereas changes in right atrial pressure and pulmonary
capillary wedge pressure were not. Patients with hemo-
concentration had significantly lower 180-day mortality
and this relationship persisted after adjustment for baseline
characteristics. Thus, worsening renal function had no
relationship with outcomes when occurring in patients with
concomitant hemoconcentration [76]. Other studies have
recently shown that higher serum creatinine levels in
patients undergoing intensified diuretic treatment with
either high doses of furosemide [59], rolofylline adminis-
tration [70] and ultrafiltration [77].

In addition to serum creatinine, blood urea nitrogen
(BUN) was shown to be an important predictor of mor-
bidity and mortality in patients with HF [78-80]. In the
randomized Outcomes of a Prospective Trial of Intrave-
nous Milrinone for Exacerbations of Chronic Heart Failure
(OPTIME-CHF), BUN had a stronger relationship with
outcomes as compared with GFR, calculated on the basis of
serum creatinine levels [81]. The major difference between
serum creatinine and BUN is related to the reabsorption of
BUN in the renal tubules. It is mediated by arginine
vasopressin (AVP) effects on the urea transporter in the
collecting duct and so it is also related to the sodium
reabsorption and with volume status. Acute arterial un-
derfilling and overdiuresis, as during intensified diuretic
treatment, cause increased urea tubular reabsorption and
increased BUN. BUN is also dependent on nitrogen pro-
duction and in condition causing an increase in protein
catabolism, such as cachexia, BUN levels are higher [82].

Thus, traditional markers of renal function, serum cre-
atinine and BUN, are far from ideal. Markers more sensi-
tive to renal damage and able to detect kidney damage
before the development of renal dysfunction, similar to
what happens with troponin measurements for the detec-
tion of myocardial damage, are needed. The results with
some of the new markers of renal injury are summarized
below.

Novel markers
Cystatin C

Cystatin C (CysC) is one of the novel markers of renal
function. It is a 122-amino acid protein member of the
family of cysteine proteinase inhibitors. It is freely filtered
by the glomerulus, and reabsorbed by tubular epithelial
cells where it is catabolized [83]. Thus, serum CysC is one
of the best markers to estimate GFR. Multiple studies have
validated the use of CysC as a renal marker in healthy adult
and in patients with renal disease, and many of them found
that it can more accurately estimate GFR [84-89]. Newman
et al. have demonstrated that CysC is a more sensitive
marker than SCr for small changes in GFR [90] and other
studies further suggested that CysC is an earlier indicator
of mild renal failure [87-89]. The role of CysC in patients
with HF is still to be defined. In AHF, some studies have
demonstrated that CysC can be a good prognostic marker.
Lassus et al. measured CysC on admission and at 48 h in
292 patients hospitalized for AHF. Acute kidney injury
defined by an increase in CysC >0.3 mg/l within 48 h was
observed in 16% of patients and it was associated with
longer length of hospitalization (P: 0.01) and with a sig-
nificantly higher in-hospital mortality (odds ratio 4.0 95%
CI 1.3-11.7, P: 0.01). At 90 days, the increase in CysC was
an independent predictor of mortality (adjusted odds ratio
2.8 (95% CI 1.2-6.7, P: 0.02) [91].

Tubular function markers

The kidney damage in many cases not only affects the
glomerulus. The tubule-interstitial function is now con-
sidered crucial and markers that are able to describe the
tubule-interstitial injury have become interesting, although
they have not yet used in routine clinical practice.

Neutrophil gelatinase-associated lipocalin (NGAL)

Neutrophil gelatinase-associated lipocalin (NGAL) is a
small protein that is freely filtered by the glomerulus and
completely reabsorbed in the tubules. It is detectable in
plasma and urine, but urine concentration seems to be more
accurate and not biased by bacterial sepsis or cancer [92].
Many studies have identified NGAL as an early marker of
acute kidney injury [93, 94]. It has been investigated in
several conditions of acute renal damage in both adult and
pediatric populations, such as in critically ill patients, after
cardiac surgery, in patients receiving intravenous contrast
media infusion and in patients admitted to the emergency
department [71, 95-102]. Also in chronic kidney disease,
there is a growing literature suggesting that NGAL is
associated with disease severity [103]. In patients with
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acute HF, NGAL can predict worsening renal function
more accurately and in an earlier stage than serum creati-
nine. In fact, NGAL level rises about 24 h before serum
creatinine values. In 91 patients admitted for AHF, wors-
ening renal function was observed in 38% within 5 days of
follow-up. Patients who developed worsening renal func-
tion had significantly higher median admission serum
NGAL levels (194 ng/ml vs. 128 ng/ml, P = 0.001) and
higher levels were associated with an increase in risk of
developing worsening renal function [104]. Levels of uri-
nary NGAL may be more sensitive as makers of tubular
damage than serum levels [105, 106].

Kidney injury molecule 1 (KIM-1)

Kidney injury molecule-1 (KIM-1) is a marker for proxi-
mal tubular injury. It is a transmembrane protein expressed
in proximal tubule cells during renal diseases associated
with either proteinuria, toxic or ischemic damage. Ichim-
ura et al. described KIM-1 in 1998 and they found that it
was expressed in post-ischemic kidneys while it was
undetectable in healthy subjects and showed that it is an
expression of tubule-interstitial injury and inflammation
[107, 108]. KIM-1 may play a role in cells regeneration
process, development of interstitial fibrosis, immune
response and can be involved in cell-to—cell interactions
[107, 109]. Urinary KIM-1 levels correlate with tubular
KIM-1 expression in experimental and in human renal
disease [108, 110-112]. Also other organs express KIM-1,
but to a minimal degree that would not influence renal
excretion of KIM-1. In acute renal injury, KIM-1 has a
strong predictive value. Liangos et al. showed that in 201
patients admitted for acute renal injury, urinary KIM-1
levels were associated with adverse clinical outcomes
[113]. KIM-1 might be predictive not only in acute kidney
injury but also in chronic renal disease as shown in
experimental models and in patients with proteinuric
chronic kidney disease [108, 111, 114]. In chronic HF,
KIM-1 demonstrated a correlation with plasma N-terminal
pro-brain natriuretic peptide levels and, independently of
GFR values, it was associated with an increased risk of
death or HF hospitalizations [106]. KIM-1 is highly sen-
sitive to acute tubular injury but in the setting of acute HF
its role is still unsettled.

N-acetyl-beta-p-glucosaminidase (NAG)

N-acetyl-beta-p-glucosaminidase (NAG) is produced in the
proximal tubule and after tubular injury, it is released into
the urine. It was studied in several conditions such as acute
kidney injury, diabetic nephropathy, after cardiac surgery,
and demonstrated a good specificity and sensitivity in
detection of the tubular damage [113, 115-117]. In patients
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with CHF, urinary NAG levels, as KIM-1, were associated
with plasma N-terminal pro-brain natriuretic peptide levels
and increased risk of death or HF hospitalizations regard-
less of GFR, but only NAG levels were correlated with
GFR (P = 0.001) and effective renal plasma flow (ERPF)
(P = 0.006), suggesting that this marker can detect
decreased renal perfusion in patients with low cardiac
output [106]. As for KIM-1, data in AHF are lacking. The
accuracy of this marker in acute kidney injury suggesting
its usefulness in the acute setting and further studies are
needed in order to define its role in AHF.

Conclusion

Interactions between the heart and kidney are complex and
still incompletely understood. The progressive deteriora-
tion in renal function in HF patients is a result of multiple
mechanisms including renal hypoperfusion caused by low
cardiac output, increased renal venous and intra-abdominal
pressure, neurohormonal and inflammatory activation.
Several drugs have been associated with worsening renal
function, namely loop diuretics, but it is still uncertain
whether some agents may improve, slow or prevent, kid-
ney damage. It may be that some of our current difficulties
are related to limitations in methods of measurements of
renal function. Serum creatinine levels are still universally
used as marker of kidney damage or deterioration despite
recent studies showing their poor sensitivity for the
detection of renal damage and their limitations as prog-
nostic variables. Novel markers of renal function may
allow an earlier and more accurate detection of renal
damage.
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