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Abstract: Heart failure (HF) and chronic kidney disease (CKD) are two pathological
conditions with a high prevalence in the general population. When they coexist in the same patient, a
strict interplay between them is observed, such that patients affected require a clinical
multidisciplinary and personalized management. The diagnosis of HF and CKD relies on signs and
symptoms of the patient but several additional tools, such as blood-based biomarkers and imaging
techniques, are needed to clarify and discriminate the main characteristics of these diseases. Improved
survival due to new recommended drugs in HF has increasingly challenged physicians to manage
patients with multiple diseases, especially in case of CKD. However, the safe administration of these
drugs in patients with HF and CKD is often challenging. Knowing up to which values of creatinine or
renal clearance each drug can be administered is fundamental. With this review we sought to give an
insight on this sizable and complex topic, in order to get clearer ideas and a more precise reference
about the diagnostic assessment and therapeutic management of HF and CKD.
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Introduction

The management of heart failure (HF) has greatly improved during the recent years, but the prognosis
remains poor [1]. Moreover, population aging and an increased survival after myocardial infarction are
two factors that have changed patients’ profiles [2]. HF is often a concurrent condition in elderly
patients with many prognosis-relevant comorbidities, such as diabetes mellitus, lung diseases, and
vascular diseases. Among these, one of the most frequent is chronic kidney disease (CKD).
Furthermore, HF and CKD share the same risk factors such as atherosclerosis, hypertension, diabetes
mellitus, obesity, tobacco use, dyslipidemia, negatively affecting the function of both organs. They also
have in common the same pathophysiological bidirectional pathways, such as endothelial dysfunction,
sympathetic neurohormonal activation, inflammation, and oxidative stress. These processes converge
and promote, over time, the dysfunction of both organs [3]. Therefore, the diagnostic and therapeutic
management of this subset of patients are particularly challenging, requiring a multidisciplinary and
personalized approach to minimize disease progression and maximize efficacy and safety of the
therapeutic options.

Epidemiology

Different meta-analyses of randomized controlled studies have shown that 49% of patients with HF
suffered from CKD, with eGFR values below 60 mL/min/1.73 m2 [4]. In the Atherosclerosis Risk In
Communities (ARIC) study, the incidence of HF was threefold higher in people with an eGFR < 60
mL/min/1.73 m2 compared to those with a preserved kidney function [5]. The Acute Decompensated
Heart Failure National Registry (ADHERE) points out that approximately 30% of patients admitted to
hospital for acute decompensated HF are affected by acute or chronic kidney disease [6, 7]. The
prevalence of CKD was higher in acute HF patients (53%) compared with chronic HF patients (42%).
Kidney impairment is a predictor of a poor prognosis in patients with HF and it has a strong
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association with worse outcomes [8]. In fact, CKD is related to a higher mortality risk in patient with
HF [hazard ratio (HR) 2.34-95% confidence interval (CI) 2.20-2.50] [9].

The cardio-renal syndrome

The cardio-renal syndrome (CRS) represents a disorder of the heart and kidney characterized by the
onset of acute or chronic dysfunction in one organ which promote the acute or chronic dysfunction of
the other [10]. Several mechanisms are involved in the development of CRS, such as hemodynamic
alterations, neurohormonal dysregulation, inflammatory activation, fibrosis, endothelial dysfunction,
atherosclerosis, and, above all, arterial stiffness, a pathological alteration of the vascular wall. All the
aforementioned conditions trigger a vicious circle with mutual damage leading to the progression of
cardiac and kidney disease [11].

Lofman et al. in 2017 showed that in HF with a preserved ejection fraction (HFpEF), CKD was more
common and with a better prognosis than HF with a reduced ejection fraction (HFrEF) and HF with a
mildly reduced ejection fraction (HFmrEF) [12]. In HFpEF co-morbidity, such as CKD, play a pivotal
role, inducing an inflammatory state with microvascular dysfunction potentially leading to both
cardiac and renal fibrosis. It has been proposed that HFpEF patients are more susceptible to low blood
pressure, being more preload dependent and having more autonomic dysfunction with ventricular and
arterial stiffness [12]. The renal hypoperfusion in HF induces the activation of the renin-angiotensin-
aldosterone system (RAAS) together with sympathetic nervous system, leading to renal and systemic
vasoconstriction, which in turn promotes the secretion of vasopressin. Accordingly, the fluid overload
leads to renal interstitial hypertension with necrosis of tubular epithelium, tubular hypertrophy,
fibrosis, and permanent tubular injury, increasing central venous pressure and venous return of right
ventricle, oxidative stress, the production of proinflammatory cytokines, which exacerbate renal and
cardiac remodeling through profibrotic mechanisms, finally causing a worsening of cardiac and kidney
functions [12]. This situation leads to the increase of peripheral systemic resistance, arterial stiffness,
filling pressures, and the thickening of left ventricle myocardial walls.

Biomarkers

The diagnosis of HF and CKD relies on signs and symptoms, together with cardiac and renal
anomalies either structural or functional. Blood biomarkers add further information on the cardiac and
kidney damage, given their diagnostic, prognostic, and predictive role. As regard the cardiac
evaluation, plasma concentrations of natriuretic peptides such as B type natriuretic peptide (BNP) or
N-terminal pro-B-type natriuretic peptide (NT-pro-BNP) are recommended as initial diagnostic test in
patients with clinical suspicion of HF to rule out the diagnosis [13, 14]. Natriuretic peptides are mainly
synthesized and secreted by myocytes of the left ventricle as a response to the stretch of myocardial
walls caused by pressure overload or volume expansion. NT-pro-BNP has a limited diagnostic utility
due to high between-person variation related to the influence of several pathophysiological factors on
its clearance (hydration status, residual renal function, dialysis regimens), which may hamper the
identification of a diagnostic cut-off value in end-stage kidney disease on dialysis [15]. The within-
person variability of NT-pro-BNP values is less pronounced, suggesting that a relative-change strategy
may improve NT-proBNP diagnostic utility in this population. However, serial NT-proBNP
concentrations need to double or halve to confidently exclude change caused by analytic and biologic
variations [16]. A correction of NT-pro-BNP values according to age and eGFR may be useful and
several studies sought to provide reference values according to the type of HF onset (i.e., acute vs.
chronic) and CKD stages, although they are not yet validated in clinical practice [17-19]. The results
of these studies are reported in The BNP metabolism is mainly non-renal, mediated by the binding to
the natriuretic peptide receptor type C (NPR-C) and through proteolysis by neutral endopeptidases;

thus, its concentration in CKD patients is less affected by eGFR, without the need of a correction of
values in patients with CKD stages 1-2 [20]. In asymptomatic HF patients, the rise of BNP blood
levels reflects left ventricular overload, predicting a high risk of symptom development. For patients
with CKD and HF, a high BNP strongly predicts cardiovascular events and death from all causes.
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Moreover, patients with a reduction of BNP after treatment have a better prognosis than those with an
increase or stable values of BNP [21].

Given the reduced renal excretion, patients with CKD accumulate toxins, which can cause specific
damage to cardiomyocytes. P-cresyl sulfate, a cresol-derived protein bound toxin, and asymmetric
dimethylarginine, a product of protein catabolism in cells, are related to cardiovascular outcome and
mortality in recent studies and they may contribute to cardiac hypertrophy and endothelial dysfunction
in in vitro experiments [22, 23]. Although promising, the role of these toxins in HF management is not
sufficiently specified and validated in clinical practice. These and other toxins could explain elevated
biomarkers of myocyte damage as eGFR decreases. Myocyte damage biomarkers play an important
role in the diagnostic and prognostic evaluation of patients with HF and CKD. The increase of high-
sensitive troponin T (HsTnT), the most significant biomarker of myocyte injury, is related with the
severity of HF and may correlate with poor prognosis in patients hospitalized with HF [21]. In case of
CKD and HF, the cut-off value of all-cause death should be adjusted according to eGFR. HsTnT can
predict death in CKD patients without cardiac symptoms and may predict the occurrence of HF. As the
eGFR decreases, the prediction accuracy of HsTnT slightly decreases, particularly for CKD stage 5
[24]

In PD water and solute are removed over the perito- neal membrane by dwelling dialysate solution in
the peritoneal cavity. Dialysate solution by an osmotic gradient drive peritoneal UF while convective
and diffusive forces induce solute removal, including the removal of sodium and potassium [118].
Crystalloid and colloid dialysate solutions are currently available. Crystalloid solutions are dextrose or
amino acid based and they induce solute-free water transport across the water channels of peritoneal
membrane. Colloid osmosis, induced by a mixture of glucose polymers (maltodextrins) called
icodextrin, does not induce free water transport but UF with solutes. Icodextrin allows for more
sodium removal compared to an equal UF volume induced with a dextrose-based solution. Moreover,
the UF volume is higher than conventional dextrose solutions, although with a lower rate of
ultrafiltration at the onset of dialysis but sustained over a longer period Both CAPD and APD regimens
have been proposed to treat fluid overload in HF. In patient with significant residual kidney function,
as first regimen a single manual night-time icodextrin exchange, which is able to maintain slow and
constant UF during long dwells, can be used. If clinically required, PUF can be increased with two
exchanges/day using glucose, at concentrations that vary according to the UF obtained, plus a night-
time exchange with icodextrin. Alternatively, APD, that uses a machine for exchanges (cycler), can be
used up to 3—4 sessions/week using different concentrations of glucose in night-time and icodextrin in
daytime. Patients with HF and advanced stage 5 CKD require full dose PD regimens that include
CAPD with 3-5 dwell periods/day or daily APD [121].

Conclusions

Many clinical studies have shown that most of drugs indicated as first line treatment by guidelines for
HF are effective in improving patient prognosis and they can also be used in patients with mild to
moderately impaired kidney function. Many of these studies have mostly excluded patients with
advanced chronic kidney failure (eGFR < 20-30 mL/ min/1.73 m2) with less safety per treatment in
this group. Therapy for HF in patients with CKD remains difficult,poorly demonstrated, poorly
established and standardized, but nevertheless undergoing research. Future studies should address
patients with advanced chronic kidney failure and kidney replacement therapy to facilitate their
managemen and support the clinician in therapeutic choices.
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