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ABSTRACT

Despite the high prevalence of chronic kidney disease (CKD) and its high cardiovascular risk, patients with CKD,
especially those with advanced CKD (stages 4–5 and patients on kidney replacement therapy), are excluded from most
cardiovascular clinical trials. It is particularly relevant in patients with advanced CKD and heart failure (HF) who have been
underrepresented in many pivotal randomized trials that have modified the management of HF. For this reason, there is
little or no direct evidence for HF therapies in patients with advanced CKD and treatment is extrapolated from patients
without CKD or patients with earlier CKD stages. The major consequence of the lack of direct evidence is the under-
prescription of HF drugs to this patient population. As patients with advanced CKD and HF represent probably the highest
cardiovascular risk population, the exclusion of these patients from HF trials is a serious deontological fault that must
be solved. There is an urgent need to generate evidence on how to treat HF in patients with advanced CKD. This article
briefly reviews the management challenges posed by HF in patients with CKD and proposes a road map to address them.
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INTRODUCTION

Chronic kidney disease (CKD) is increasingly recognized as
a global public health problem imposing substantial medical
and financial burdens on societies and healthcare systems
with an estimated global prevalence ranging from 9.1% [1] to
13.4% [2], depending on variations in methodological approach
and data inclusion criteria, which corresponds to ∼850 million
persons.

Patients with CKD exhibit a high to very high risk for car-
diovascular disease (CVD). A meta-analysis of cohort stud-
ies involving >1.4 million individuals yielded an association
of both low estimated glomerular filtration rate (eGFR) and
higher urinary albumin:creatinine ratio (UACR) with CVD [3–
5]. Half of all the patients with advanced CKD [including pa-
tients with severely decreased eGFR (<30 and ≥15 mL/min/
1.73 m2 or stage 4 CKD), patients with kidney failure (eGFR
<15 mL/min/1.73 m2 or stage 5 CKD) and patients undergoing
kidney replacement therapy (KRT)] have CVD [6] and cardiovas-
cular mortality accounts for ∼40–50% of all deaths in these pa-
tients compared with 26% in controls with normal kidney func-
tion [7]. According to the 2020 US Renal Data System (USRDS)
Annual Report [8], heart failure (HF) is the most common cardio-
vascular manifestation in patients with CKD, especially in those
with advanced CKD.

In the last 2 decades, most cardiovascular trials have ex-
cluded patients with CKD [9]. It is particularly evident in pa-
tients with advanced CKD and HF, as most of the randomized
clinical trials have excluded these patients. Several reasons have
been proposed to explain this issue [10]. Consequently, little
evidence exists in support of treatment with HF pharmaco-
logical agents in patients with advanced CKD who are mostly
undertreated.

In this article we briefly review some challenges posed by
HF in advanced CKD that make it a true unresolved medical
need and therefore deserve prompt and effective actions by the
involved health professionals. In particular, we aim to create
awareness among nephrologists and cardiologists that the treat-
ment of HF in patients with advanced CKD is one of the biggest
challenges they must face together right now.

CHALLENGES POSED BY ADVANCED CKD
WITH HF

High incidence and prevalence

The incidence of de novo HF in persons with known CKD is in
the range of 17–21% [11]. As demonstrated in the Atherosclero-
sis Risk in Communities (ARIC) study, a progressive decrease in
eGFR and/or a progressive increase in the UACR are associated
with a progressively increasing risk of incident HF after adjust-
ment formultiple potential confounders [12]. Therefore patients
with advanced CKD have the highest risk of incident HF among
CKD patients.

In the 2020USRDSAnnual Report, the prevalence of HFwas 4-
foldmore common in patients with CKD (27.7%) than in patients
without CKD (6.4%) [8]. Furthermore, HF was more common in
patients with advanced CKD (41.3%) than in patients with CKD
stage 3 (28.4%) and patients with CKD stages 1–2 (21.5%) [8]
(Figure 1A). In patients with advanced CKD, HF with reduced
ejection fraction (HFrEF) was slightly more common than HF
with preserved EF (HFpEF) (18% versus 16%) [8].

In the same report, the prevalence of HF in patients with CKD
stage 5 on KRT was 44.2% in haemodialysis (HD), 31.1% in peri-
toneal dialysis (PD) and 18.3% in kidney transplant (KT) recipi-
ents (Figure 1B) [8]. Beyond month 4 of KRT, the cumulative inci-
dence of HF was higher in patients receiving HD than in patients
receiving PD or patients with a KT [8]. The 2-year cumulative
probability of developing HF was ∼50% for patients on HD, 34%
for patients on PD and 20% for patients with a KT [8] (Figure 1C).

Complex pathophysiology

Due to the physiological connections between the heart and
the kidney, the progressive loss of kidney function facilitates
the impairment of cardiac function (Figure 2). In advanced
CKD, haemodynamic risk factors for HF include excessive af-
terload due to long-standing hypertension and arterial stiffness
and excessive preload due to salt and water retention [13–15].
In addition, advanced CKD is characterized by the concurrence
of several non-haemodynamic factors such as neurohormonal

FIGURE 1: Prevalence and incidence of HF in patients with CKD. (A) Prevalence of HF in patients without CKD and in patients with different stages of CKD. (B) Prevalence
of HF in patients in the different modalities of KRT: HD, PD and KT. (C) Two-year cumulative incidence of HF in patients on the different modalities of KRT (adapted

from USRDS [8] with permission).
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FIGURE 2: Simplified view of the pathophysiology of HF in patients with ad-

vanced CKD and impact of KRT. Note the bidirectionality of the detrimental im-
pact of both CKD and KRT on the failing heart.

activation, excess of reactive oxygen species, pro-inflammatory
state, profibrotic factors, impaired iron utilization, anaemia, vi-
tamin D deficiency, protein–energy wasting, retained uraemic
toxins and decreased production of cardioprotective factors
such as Klotho that may facilitate the microstructural and
metabolic alterations of the myocardium [13–15]. Collectively,
all these haemodynamic and non-haemodynamic factors con-
tribute to adverse left ventricular (LV) remodelling and HF [13,
16].

The mechanisms of organ injury and dysfunction in patients
with advanced CKD that develop HF are bidirectional as the fail-
ing heart further deteriorates renal function (Figure 2). Cumula-
tive evidence supports that when HF develops in the context of
advanced CKD, both renal hypoperfusion due to low cardiac out-
put and renal congestion due to elevated cardiac pressures and
preload act as major haemodynamic determinants facilitating
CKD progression to kidney failure [17, 18].

An additional aspect to consider in the complex pathophys-
iology of HF in patients with advanced CKD on KRT is the detri-
mental impact of replacement modalities on the heart, which
would explain the high HF risk of these patients (Figure 2).
Systemic circulatory stress or repeated hypotension episodes re-
sulting from HD may amplify the previously mentioned mecha-
nisms of HF operating in advanced CKD [19]. Additionally, arte-
riovenous fistulae or grafts may increase pulmonary pressures
and facilitate adverse right ventricular remodelling and wors-
ening HF in patients on HD [20]. Ultrafiltration failure occurs in
about one-third of patients on PD andmay easily lead to overhy-
dration and hypertension, both factors contributing to HF devel-
opment [21]. Additionally, some pharmacological agents used in
KTpatients (e.g.mammalian targets of rapamycin inhibitors, ad-
ministered to offset the adverse effects of calcineurin inhibitors)
may impair systolic cardiac function, thus being potential con-
tributors to the long-term development of HFrEF [22].

On the other hand, it is also necessary to recognize the nega-
tive impact that HF can have on patient adaptation to KRT, espe-
cially to HD (Figure 2). Indeed,HF limits the ability of the left ven-
tricle to increase cardiac output in response to hypotension, thus
contributing to haemodynamic instability and organ ischaemia,
including myocardial ischaemia during HD sessions [23]. Since
cardiac function deteriorates even more [24] in HD patients who
developmyocardial ischaemia during dialysis sessions, a vicious
circle is established that aggravates the clinical situation of these
patients.

Uncertain diagnosis and prevention

The 2021 European Society of Cardiology (ESC) HF Guidelines [10]
define HF as a clinical syndrome consisting of cardinal symp-
toms (e.g. breathlessness, ankle swelling and fatigue) that may
be accompanied by signs (e.g. elevated jugular venous pressure,
pulmonary crackles and peripheral oedema). In HFpEF patients,
the definition also includes objective evidence of cardiac struc-
tural disease and/or functional abnormalities consistent with
the presence of LV diastolic dysfunction/elevated LV filling pres-
sures, including elevated natriuretic peptides.

This definition of HF by the ESC has limitations when ap-
plied to patients with advanced CKD, in particular those with
HFpEF. On the one hand, almost all patients with advanced CKD
who do not receive KRT develop signs and symptoms consistent
with HF and the severity of dyspnoea in patients on intermit-
tent HD changeswith volume removal.On the other hand, struc-
tural heart disease is highly prevalent in patients with CKD. For
instance, the prevalence of LV hypertrophy increases progres-
sively with the loss of renal function and is present in 75–90%
of patients with advanced CKD [25]. Finally, advanced CKD is
characterized by elevated natriuretic peptide levels and thismay
weaken their diagnostic utility in HFpEF [26]. Therefore, there is
a need to explore amore specific definition of HF in patientswith
advanced CKD, especially in those on HD [27].

A reverse epidemiology of classic cardiovascular risk factors
has been described in patients with advanced CKD, especially in
patients with kidney failure and those on HD [28], raising sub-
stantial concern about extrapolation of evidence-based HF pre-
vention and management strategies in patients without CKD or
with earlier stages of CKD to patients with advanced CKD. For
example, in contrast to the general population, a higher body-
mass index is associated with better survival in patients with
kidney failure [29]; similar findings have been reported for high
cholesterol and high BP in patients on HD [30].

Poor outcomes and high costs

Reduced eGFR is associated with increased risks of all-cause
mortality, cardiovascular mortality and hospitalization for HF
(HFH) in patientswith HF [31–33]. Additionally, a graded relation-
ship exists between CKD stage and the risk of death in patients
with HF. In fact, the 2-year adjusted survival probability follow-
ing an HF diagnosis in patients without CKD was comparable to
the 19-month survival probability in patients with stage 3 CKD
and the 11-month survival probability in patients with advanced
CKD [4].

A large meta-analysis of almost 21 000 HF patients (77% with
HFrEF and 23% with HFpEF) found that both groups had a step-
wise increase in all-cause mortality rate with the stage of CKD
that was independent of several confounding factors including
age, sex, ischaemic aetiology, anaemia, hypertension, diabetes
and atrial fibrillation [34]. In patients with advanced CKD, the
increase in the all-cause mortality rate was higher in patients
with HFrEF than in patients with HFpEF [34] (Figure 3).

Within two large US CKD populations, higher rates of HFH
were observed across categories of lower eGFR [35, 36] andhigher
UACR [36]. The rates of HFH were higher in patients with ad-
vanced CKD than in patients with earlier stages of CKD even af-
ter adjusting by many potential confounding factors, including
EF [35] (Figure 4). Conversely, HFH was associated with greater
risks of CKD progression and death [36].

As reported in the 2020 USRDS Annual Report, expenditures
for patients with advanced CKD, even excluding those on KRT,
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FIGURE 3: All-cause mortality crude rates in patients with different stages of CKD and HFrEF and in patients with CKD and HFpEF. Patients in CKD stage 5 (eGFR <15
mL/min/1.73 m2) were not on dialysis (adapted from McAlister et al. [34] with permission).

FIGURE 4: Hospitalization for HF crude rates in patients with different stages of

CKD and HF. Patients in CKD stage 5 (eGFR <15 mL/min/1.73 m2) were not on
dialysis. Error bars represent 95% confidence limits (adapted from Go et al. [35]
with permission).

are higher than for patients with earlier stages and costs also
increased more over the last decade for patients with advanced
CKD [8]. The same report shows that spending for CKD patients
with HF is higher than for CKD patients without HF and it in-
creased gradually with the stage of CKD, thus being highest
in patients with advanced CKD [8]. Excluding patients on KRT,
mean annual expenditures for patients with advanced CKD and
HFwere 88%higher than in patientswith advanced CKDwithout
HF [8].

Lack of evidence for HF therapy

Patients with advanced CKD are generally excluded from cardio-
vascular clinical trials conducted in the general population or in
populations at risk [9]. Many reasons (e.g. potential for dimin-
ished treatment effects, high risk of clinical events unmodifiable
by the intervention, complex pathophysiologywithmany poten-
tial mechanisms contributing to HF, poor understanding of albu-
minuria, incomplete information on optimal dosing schedules,
safety concerns, difficult recruitment and retention in trials)
contribute to the exclusion of patients with advanced CKD from

FIGURE 5: Percentage of trials on all types of HF, HFrEF and HFpEF that excluded
patients with any stage of CKD (adapted from Konstantinidis et al. [10] with

permission).

HF trials [37, 38]. In addition, there are no universally agreed
upon designs and outcomes for HF trials conducted in patients
on KRT and, specifically, in patients on HD [39].

It should be noted that the percentage of HF trials that ex-
clude patients with CKD ranges from 52% to 78% [10] (Figure 5).
Consequently, the pharmacological and device-based treatment
of HF in patients with CKD is not based on evidence, but rather it
is empirical, with a lack of consensus on optimal management
that collectively gives rise to under treatment [13]. This is partic-
ularly relevant for the use of HF-modifying therapies in patients
with advanced CKD and concomitant HF. For instance, it has
been reported that angiotensin-converting enzyme inhibitors
and beta-blockers are associatedwith similar reductions inmor-
tality in HFrEFwith andwithout advanced CKD but are less often
prescribed in patients with advanced CKD [40]. Later, these find-
ings were expanded to HF patients across the spectrum of EF
values [41].

However, it must be recognized that the criteria for the
inclusion or exclusion of patients with advanced CKD in
randomized clinical trials of HF are changing. In fact, eGFR cut-
off values for inclusion were lower in recent trials in HFrEF
patients: 25 mL/min/1.73 m2 in the Dapagliflozin and Preven-
tion of Adverse Outcomes in Chronic Kidney Disease trial [42],
20 mL/min/1.73 m2 in the Empagliflozin Outcome Trial in Pa-
tients with Chronic Heart Failure and Reduced Ejection Frac-
tion [43] and the Global Approach to Lowering Adverse Cardiac
outocmes Through Improving Contractility in Heart Failure trial
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FIGURE 6: (A) Prevalence of CKD in the adult population of Spain as estimated

in 2010 and as projected for 2040. (B) Prevalence of HF in the adult population
of Spain as estimated in 2010 and as projected for 2040 (adapted from Savarese
and Lund [51], Otero et al. [53], Ortiz [54] and Gomez-Soto et al. [55]).

with omecamtiv mecarbil [44] and 15 mL/min/1.73 m2 in the
Vericiguat in Participants with Heart Failure with Reduced Ejec-
tion Fraction trial [45]. Although differences were found in base-
line characteristics between patients with severely impaired re-
nal function and other patients, no interactions between drug
effects across renal function status were found in the subgroup
analyses of these trials [42–45].

Worrisome epidemiological projections

The worldwide increase in the prevalence of CKD is accompa-
nied by the increasing incidence and prevalence of advanced
CKD [1]. The increased incidence of CKD stages 4–5 is due to,
among other reasons, the increased ageing of populations, in-
creasing prevalence of type 2 diabetes and hypertension [46] and
a low detection rate and therapeutic inertia in the early stages
of CKD [47–49]. The prevalence of KRT has also increased world-
wide, likely due to improving kidney failure survival, popula-
tion demographic shifts, a higher prevalence of kidney failure
risk factors and increasing KRT access in countries with grow-
ing economies [50].

On the other hand, HF is a growing public health problem
worldwide. Although the incidence of HF is stable, the preva-
lence is constantly increasing due to the ageing of the popula-
tion and better survival rates in treated patients with HFrEF [51].

Since Spain is the country with a longer projected life ex-
pectancy this century [52], it is worth exploring the national pro-
jections for CKD and HF. At the current rate of population age-
ing, and assuming constant incidence rates, it is estimated that
in 2040 the prevalence of CKD and HF will be ∼18% and 4.2%,
respectively [51, 53–55]. These figures represent an increase in
the prevalence of CKD (Figure 6A) and HF (Figure 6B) of 100%

and 90%, respectively, with respect to the prevalence of each of
the two diseases in the first decade of the century [51, 53–55].
Therefore it is reasonable to anticipate that the prevalence of pa-
tients with advanced CKD complicated by HF will also increase
in Spain throughout the next decades.

ROAD MAP FOR FACING THE CHALLENGES OF
MANAGING PATIENTS WITH ADVANCED CKD
AND HF

Although patientswith CKD andHF represent probably the high-
est cardiovascular risk population, the ESC guidelines for the
treatment of HF recently recognized that there is little direct
evidence to support any recommendation for the treatment of
these patients [56]. Therefore there is an urgent need to gener-
ate evidence on managing this population with life-improving
and life-saving therapies.

To this aim, several issues must be addressed [57] (Table 1).
High-quality data are lacking on all aspects of HF (epidemiology,
pathophysiology, diagnosis, prevention and treatment) specific
to the population of patients with advanced CKD, and particu-
larly those on KRT. Testing of prevention and treatment strate-
gies will require the design and conduct of adequately powered
clinical trials with careful adverse event monitoring and follow-
up.These trialsmust cover the complex set of clinical conditions
that HF in CKD appears to be. One key issue is how to define HF
in patients with advanced CKD and whether the available stan-
dard definitions are well suited for this population. In particular,
what criteria should be used to reliably distinguish a real HFH
from the unfortunate but common occurrence of transient fluid
overload related to dry weight overestimation or non-adherence
to diet in dialysis patients?Methods to identify patients with ad-
vanced CKD who are more likely to have adverse cardiovascular
outcomes rather than other common outcomes in this popula-
tion (e.g. cancer or sepsis-related deaths) should be optimized,
as current ones are inadequate. Enrolling patients at higher risk
for HF-related events in HF outcome clinical trials (prognostic
enrichment) improves the ability to detect a treatment effect.
Identification of high-risk patients and of patients thatmay ben-
efit from specific forms of therapy requires the validation of tra-
ditional and potentially non-traditional cardiac biomarkers in
the population of patients with advanced CKD. The trials should
include patient-oriented outcomes when evaluating therapeu-
tic strategies, particularly in patients undergoing HD in which
the cyclic nature of volume overload and correction and the
predominant modes of cardiovascular death might differ from
those observed in other patients. Finally, beyond face-to-face
care, virtual remote healthcare servicesmay improve the quality
of life of patients with CKD and influence their attitudes and be-
haviours [58], which can be of special relevance in patients with
advanced CKD participating in HF clinical trials [59].

CONCLUSION

It is time for a multidisciplinary approach to overcome the
challenges posed by HF in advanced CKD. Nephrologists and
cardiologists must share both knowledge and skills [60] in
cardiorenal clinical programmes [61] to develop the details
and implement the road map delineated above to improve the
outcomes of HF in patients with advanced CKD. The major goal
of this collaboration must be to design and perform randomized
clinical trials aimed at providing evidence-based therapy to
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Table 1. A three-step road map for improving the outcomes of patients with advanced CKD and HF

1. Improve our understanding of the epidemiology, pathophysiology, diagnosis and risk stratification of HF in patients with advanced CKD
and particularly in those on different modalities of KRT
a. Adapt the definitions of HF and HFH to patients with advanced CKD
b. Validate traditional and potentially non-traditional cardiac biomarkers in patients with advanced CKD
c. Validate and/or develop methods for risk stratification that allow the enrichment of clinical trials with patients with advanced CKD at

higher risk for HF-related events
2. Design and conduct adequately powered clinical trials to address questions related to the optimization of prevention and treatment

strategies specific to patients with advanced CKD
a. Use adapted definition of HF and HFH
b. Use validated methods and risk stratification methods to enrich the high HF-risk patient and adapt the trial population to the

mechanism of action of the intervention: aim at precision therapy
c. Careful adverse event monitoring
d. Include patient-oriented outcomes and adapt outcomes to the advanced CKD reality
e. Implement virtual remote healthcare services that facilitate compliance and patient retention

3. Extend the nephrology–cardiology collaboration into the development of consensus documents and clinical guidelines that facilitate the
rapid uptake and implementation of therapeutic advances.

treat HF in patients with advanced CKD. The collaboration
should then extend to the development of consensus docu-
ments and clinical guidelines that facilitate the rapid uptake
and implementation of therapeutic advances.
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