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Abstract

Heart failure with preserved ejection fraction (HFpEF) and chronic kidney disease (CKD) are global diseases of increasing prevalence
and are frequent co-diagnoses. The two conditions share common risk factors and CKD contributes to HFpEF development by a variety
of mechanisms including systemic inflammation and myocardial fibrosis. HFpEF patients with CKD are generally older and have more
advanced disease. CKD is a poor prognostic indicator in HFpEF, while the impact of HFpEF on CKD prognosis is not sufficiently inves-
tigated. Acute kidney injury (AKI) is common during admission with acute decompensated HFpEF, but short and long-term outcomes
are not clear. Pharmacological treatment options for HFpEF are currently minimal, and even more so limited in the presence of CKDwith
hyperkalaemia being one of the main concerns encountered in clinical practice. Recent data on the role of sodium-glucose cotransporter 2
(SGLT2) inhibitors in the management of HFpEF are encouraging, especially in light of the abundance of evidence supporting improved
renal outcomes. Herein, we review the pathophysiological links between HFpEF and CKD, the clinical picture of dual diagnosis, as well
as concerns with regards to renal impairment in the context of HFpEF management.
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1. Introduction
Heart failure with preserved ejection fraction (HFpEF)

is increasingly prevalent across the world and comprises
around half of all patients with clinical heart failure [1]. Di-
agnosis of HFpEF is considered in patients who are breath-
less, do not have reduced left ventricular ejection fraction
(LVEF) (commonly taken as≥50%, but cut-off varies), and
in whom other cardiac and non-cardiac causes for symp-
toms have been excluded, and consensus diagnosis recom-
mendations have now been developed [2]. Chronic kidney
disease (CKD) encompasses structural kidney abnormali-
ties or reduced function over at least three months, and is
also a growing global burden with a global prevalence of
9.1% [3]. Both HFpEF and CKD are increasingly common
at older ages, share a number of risk factors for develop-
ment, and dual diagnosis is common and set to grow. In this
paper we will review the pathophysiological links between
HFpEF and CKD, prevalence and prognosis of dual diag-
nosis, evidence for pharmacological treatment options, and
practical considerations for management of the co-existing
conditions, and briefly review acute kidney injury (AKI) in
patients with HFpEF.

2. Pathophysiological processes linking
HFpEF and CKD

While common risk factors for HFpEF and CKD
are clearly identified, including diabetes, hypertension and

obesity, a number of pathophysiological processes con-
tribute to the interplay between cardiac and renal dysfunc-
tion (Fig. 1), which are not completely understood.

Myocardial fibrosis is the key pathology seen in HF-
pEF [4], with resulting cardiac structural and functional ab-
normalities which can potentially affect kidney function.
Right ventricular (RV) dysfunction has been implicated in
the development of renal impairment in patients with heart
failure with a reduced ejection fraction (HFrEF) for some
time [5]. In HFpEF worse RV indices are seen in associ-
ation with CKD, often with poorer prognoses [6–8]. Left
ventricular (LV) hypertrophy without dilatation is a further
cardinal feature of HFpEF, and increased LV mass predicts
progression of renal disease in community cohorts at high
risk for heart failure [9,10]. Left atrial enlargement and di-
astolic dysfunction are common in HFpEF [11–13], and im-
paired left atrial function predicts renal function decline in
patients seen in a tertiary cardiology clinic with dyspnoea
[14] and left atrial strain predicts progression of renal dis-
ease in patients with CKD [15], although causality is uncer-
tain.

Pulmonary hypertension is seen in the majority of pa-
tients with HFpEF [13], largely thanks to metabolic insult
in addition to pressure-related injury [16]. Haemodynamic
markers of pulmonary hypertension (elevated transpul-
monary gradient, pulmonary vascular resistance, and dias-
tolic pulmonary gradient) were associated with increased
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Fig. 1. Summary of pathophysiological processes linking heart failure with preserved ejection fraction (HFpEF) and chronic
kidney disease (CKD). HFpEF and CKD share common risk factors including diabetes, hypertension and obesity, but also a number of
pathophysiological processes contribute to the interplay between cardiac and renal dysfunction.

mortality and increased cardiac hospitalisations in patients
with HFpEF from a large cohort undergoing right-heart
catheterisation [17]. Pulmonary hypertension is recognised
as increasing the risk of poorer outcomes after kidney trans-
plantation [9,10,18,19].

Furthermore, increased central venous pressure in HF-
pEF results in reduced glomerular capillary blood flow and
raised interstitial and tubular pressures within the kidney
[20]. On top of that, patients with HFpEF commonly have
chronotropic incompetence, which is independently asso-
ciated with reduced glomerular filtration rate (GFR) [21],
likely due to renal hypoperfusion. Novel haemodynamic
parameters may offer insights into further pathophysiologic
mechanisms [22].

In the opposite direction, renal impairment is an inde-
pendent risk factor for development of HFpEF [23]. In-
deed, in a porcine model CKD via 5/6 nephrectomy in-
duced development of HFpEF [24], while human data sug-
gest that advanced CKD is associated with a variety of car-
diac structural abnormalities [25]. Patients with CKD have
impaired sodium handling and fluid overload, directly con-
tributing to venous congestion, which is more pronounced
in the advanced stages of the disease. Up to date under-
standing makes central the importance of systemic inflam-
mation in HFpEF pathophysiology, leading to coronary mi-
crovascular endothelial inflammation and dysfunction, and
ultimately to stiff cardiomyocytes and diastolic LV stiffness
via reduced nitric oxide signalling [26]. Traditional HFpEF
co-morbidities such as diabetes and hypertension contribute

to the inflammation, and CKD itself is well-recognised as
a pro-inflammatory state [27]. Obesity is over-represented
in older patients with HFpEF and adipose tissue contributes
to a number of pathophysiological pathways increasing in-
flammation and oxidative stress, potentially leading to both
cardiac and renal dysfunction [28]. Further, there is some
evidence that increased fibroblast growth factor 23 levels
in CKD induce LV hypertrophy [29], while enhanced sym-
pathetic activation in CKD can contribute to heart failure
[30], with increased neurohormonal activation noted in both
CKD and pulmonary hypertension being associated with
vascular remodelling and worse outcomes [31].

It is also worth considering that in a minority of pa-
tients HFpEF may be caused by specific diseases, some of
which, such as amyloidosis, may affect the kidneys concur-
rently.

3. Definition of HFpEF

The European Society of Cardiology 2019 consensus
statement on the diagnostic criteria for HFpEF includes the
definition of a “preserved” LVEF as≥50% [2]. HFpEFwas
historically described as “diastolic heart failure”, and the
threshold for EF has not always been consistent. It is nec-
essary when considering HFpEF studies and treatment tri-
als to acknowledge these inconsistencies and highlight the
HFpEF inclusion criteria and relevant EF-based sub-group
analysis. We include a table of the most important trials
discussed below, with the key details for each (Table. 1).
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4. Prevalence and clinical picture
CKD is commonly seen in HFpEF, although estimated

prevalence varies. Most studies report CKD as estimated
GFR (eGFR)<60 mL/min/1.73 m2, corresponding to stage
3 CKD onward [32]. Recent studies have reported rates of
CKD in HFpEF as 60% in a Belgian cohort [33], 50% in
a pan-Asia cohort [34] (both including LVEF ≥50%), and
48% in the worldwide PARAGON-HF study [35] (LVEF
≥45%). Albuminuria is also common in heart failure even
without reduction in eGFR [36], making it likely that CKD
is generally under-reported.

Multiple studies have shown that HFpEF patients with
CKD have higher rates of traditional cardiovascular risk
factors such as hypertension and diabetes than thosewithout
[6,7,33,37], and the clinical picture of patients with HFpEF
and co-existing CKD is generally that of more advanced
disease.

HFpEF encompasses a broad range of clinical charac-
teristics, possibly resulting from the multiple pathophysio-
logical mechanisms, making understanding and prediction
of renal involvement somewhat challenging. Phenomap-
ping has allowed for distinct clusters of HFpEF patients to
be classified. The first published study found that the clus-
ter more likely to have CKD are older and have most severe
electrical and myocardial remodelling, pulmonary hyper-
tension, and RV dysfunction [8].

The cohort with CKD (eGFR 20–60 mL/min/1.73 m2)
in the RELAX study (inclusion LEVF≥50%) had more ad-
vanced symptoms, more impaired indices of cardiac func-
tion and structure, and higher levels of biomarkers of neuro-
hormonal activation, collagen metabolism/fibrosis and ox-
idative stress, when compared to those with normal kidney
function. They also had lower exercise capacity, which was
largely accounted for by lower haemoglobin levels [7].

A prospective study of 299 HFpEF patients (with
LVEF >50%) in the USA used conventional 2-D and
speckle-tracking echocardiography to characterise cardiac
structural and functional indices inHFpEF patients with and
without CKD. As seen in other cohorts those with CKD
(taken as <60 mL/min/1.73 m2) were older, had a higher
beta natriuretic peptide (BNP), were more likely to have di-
abetes and hypertension, and had a worse New York Heart
Association (NYHA) functional class. Parameters of LV
longitudinal strain, RV free wall strain and left atrial (LA)
strain were associated with CKD, even after multivariate
adjustment [6].

HFpEF is also common in patients with end-stage re-
nal disease (ESRD) managed with maintenance haemodial-
ysis (HD) or peritoneal dialysis (PD). Antlanger et al. [38]
reviewed a cohort of 105 ESRD patients undergoing reg-
ular HD in Vienna, Austria, and found that 57% fulfilled
the definition criteria of HFpEF (including LVEF ≥45%),
compared to 13 with HFrEF (LVEF <45%). Predictors
of HFpEF in this cohort included higher age, female sex,
higher systolic blood pressure, and dialysis vintage, as we

might expect, but interestingly not diabetes. Fluid over-
load (assessed by pre-dialysis bioimpedance spectroscopy)
was not associated with heart failure, and nor were dialysis-
related factors including access via arteriovenous fistula,
blood flow, and ultrafiltration volume. Of a further cohort
of 1034 regular HD patients in Romania, 266 (26%) had
HFpEF (LVEF ≥50%), compared to 118 with heart failure
with mid-range ejection fraction (HFmrEF, LVEF 40–49%)
and 38 (4%) with HFrEF (LVEF <40%), although charac-
teristics of the specific groups are not given [39]. Even
without overt heart failure, structural heart abnormalities
are common in ESRD. In a study of 654 patients starting
HD, 567 (87%) had echocardiographic evidence of struc-
tural heart disease, with diastolic dysfunction in 350 (78%
of the 448 in which diastolic function was reviewed) [25].

In a Chinese cohort of ‘advanced CKD’ patients – in
practice a mix of CKD stage 4 and ESRD, including those
on HD and PD – the HFpEF group (inclusion LVEF≥50%)
were more likely than the non-HFpEF group to have dia-
betes and also had a higher systolic blood pressure [40]. Fi-
nally, among 220 patients undergoing regular PD in Hong
Kong, 47 (21%) had HFpEF (inclusion LVEF ≥50%) and
39 (18%) had HFrEF [41]. In this cohort higher age, pres-
ence of diabetes, background of coronary artery disease,
and/or other atherosclerotic vascular disease, higher BNP
and higher troponin T were all associated with HFrEF, with
the HFpEF group generally intermediate between HFrEF
and no heart failure. There were no differences observed in
PD parameters.

Overall, patients with concomitant HFpEF and CKD
appear to be characterised by a more severe disease burden
as a result of both the presence of shared for the two con-
ditions risk factors as well as the added impact of the two
conditions.

5. Prognosis
It has been recognised for some time that prognosis is

worse for HFpEF patients with concomitant renal dysfunc-
tion. Studies of patients admitted with acute decompensa-
tion of HFpEF report rates of baseline CKD far higher than
those seen in the general HFpEF population, of up to 82%
[42].

In a cohort of 397 patients identified post-discharge
following hospital admission with symptomatic HFpEF, the
pheno-group with higher rates of CKD had increased mor-
tality and hospitalisation rate than those without [8]. The
diagnostic cut-off for LVEF was ≥50%, the mean reported
LVEF was 61%, without significant differences between
pheno-groups. In a Belgian cohort of 183 patients HFpEF
(inclusion LVEF ≥50%) and multivariate analysis showed
that lower eGFR independently predicted the composite
endpoint of all-cause mortality or hospitalisation for heart
failure, and mortality alone [33]; this cohort was notably
elderly (mean age 78 ± 8 years) and excluded those with
NYHA functional class I disease.
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The Angiotensin Receptor Neprilysin Inhibi-
tion in Heart Failure With Preserved Ejection Frac-
tion (PARAGON-HF) trial compared treatment with
sacubitril/valsartan versus valsartan in 4796 patients with
HFpEF over a median follow-up period of 34 months.
Participants were all aged ≥50 years and had NYHA func-
tional class II-IV symptoms. Analysis of those enrolled
showed a higher all-cause mortality risk for patients with
eGFR <60 mL/min/1.73 m2 compared to with eGFR
≥60 mL/min/1.73 m2 [43]; it is important to note that
patients with eGFR <30 mL/min/1.73 m2 were excluded
from the trial. PARAGON-HF also defined HFpEF as
including participants with LVEF ≥45%, although mean
LVEF of enrolled participants was 57.6%, and based on the
presented standard deviation in each arm only a very small
% of participants would have had LVEF less than the more
usual 50% [35].

In line with PARAGON-HF findings, the analysis of
the 1767 patients in the Americas group in the Treatment
of Preserved Cardiac Function Heart Failure with an Al-
dosterone Antagonist Trial (TOPCAT) study highlighted an
independent inverse relationship between eGFR and many
clinical outcomes, including all-cause mortality and heart
failure hospitalisations [37]. Again, patients with an eGFR
<30 mL/min/1.73 m2 were excluded, and HFpEF thresh-
old included patients with LVEF ≥45%. A recent sec-
ondary analysis of the TOPCAT cohort also observed that
longitudinal variability of kidney function laboratory pa-
rameters (urea and creatinine) was independently associ-
ated with mortality and the composite endpoint of cardio-
vascular death, heart failure hospitalisation and aborted car-
diac arrest [44]. Chirinos et al. [45] analysed samples from
TOPCAT to consider potential prognostic biomarkers. For
consideration of kidney function or injury, the panel in-
clude Neutrophil gelatinase-associated lipocalin (NGAL),
Cystatin-C, and Kim-1, but none of these were predictive
of the composite endpoint.

Proteinuria or albuminuria are signs of abnormal kid-
ney function and can often be present before GFR drops.
As such, a proportion of patients with CKD may be over-
looked if the only criteria used to identify them is eGFR
≤60 mL/min/1.73 m2. Accordingly, some studies have
specifically assessed their impact. Albuminuria without re-
duced GFR was associated with poorer outcomes and car-
diac remodelling in a US cohort of 144 patients with HFpEF
including LVEF ≥50% [46]. Further, the presence of dip-
stick proteinuria and albuminuria appear to be independent
prognostic markers in HFpEF [47,48].

Information regarding prognosis in patients with con-
comitant ESRD andHFpEF is limited. In one small study of
patients on regular HD, the presence of HFrEF was strongly
associated with a higher risk of cardiac death and/or hos-
pitalisation for cardiovascular reason adjusted hazard ratio
(HR) 3.24; 95% CI 1.08–9.75; p = 0.037) but for HFpEF
(including LVEF ≥45%) this association did not reach sta-

tistical significance (adjusted HR 4.31, 95%CI 0.46–40.03;
p = 0.199) [38]. A recent study of 1034 patients on regular
HD in Romania found comparable survival (all-cause mor-
tality) to four years between the groups with HFpEF and no
heart failure, but reduced survival for patients with LVEF
<50% [39]. In PD, analysis of outcomes over four years
showed that HFpEF (including LVEF ≥50%) was associ-
ated with increased cardiac mortality, all-cause mortality,
heart-failure events and cardiovascular events compared to
those without heart failure, but for all outcomes the risk was
significantly greater for those with HFrEF [41].

Overall, renal impairment appears to be associated
with a worse prognosis in HFpEF patients. There is not spe-
cific data regarding the prognostic implications of HFpEF
on CKD progression or mortality; nevertheless, a number
of echocardiographic features typically seen in HFpEF have
been associated with poorer renal outcomes and/or mortal-
ity in CKD [49].

6. Management of patients with HFpEF and
CKD, and practical considerations
6.1 General considerations

Diagnosis of co-existing HFpEF and CKD can pro-
ceed along usual pathways, although in a community setting
without access to echocardiography, then N-terminal-pro
brain natriuretic peptide (NT-proBNP) is commonly used
in cases of suspected heart failure, and a higher threshold is
needed for diagnosis in patients with CKD [50].

Clinicians caring for patients in the advanced stages
of CKD will be mindful that typical symptoms and signs
such as shortness of breath, fatigue and peripheral oedema
commonly occur in either condition, or distinguishing the
underlying cause with dual pathology can be challenging.
They should also be aware that the creation and use of up-
per limb arteriovenous fistulae and grafts (for dialysis in
end stage renal disease) is associated with the development
of right ventricular remodelling and dysfunction [51], po-
tentially contributing to HFpEF.

There are similarities in the management of patients
with HFpEF and CKD, including iron replacement in defi-
ciency, optimal treatment of associated co-morbidities (par-
ticularly weight management, and control of diabetes and
hypertension), and diuretics to treat fluid overload. Loop
diuretics are the treatment of choice for troublesome pe-
ripheral oedema in both conditions, but the threshold dose
is typically higher in CKD than in patients with normal re-
nal function. Diuretic use in CKD may be associated with
greater decline in renal function, even after other variables
including hydration status and baseline eGFR are taken into
account [52], and a careful balance is often needed.

Co-existing major coronary artery disease and atrial
fibrillation should be managed, but specific treatment op-
tions for HFpEF are limited, especially in comparison
to HFrEF. Treatments that are effective in HFrEF such
as renin-angiotensin-aldosterone system (RAAS) inhibitors

4

https://www.imrpress.com


Table 1. LVEF criteria and LVEF sub-group analysis used in major HFpEF trials.

Trial (intervention)
HFpEF LVEF

criteria
Mean LVEF of HFpEF

participants
Relevant sub-group analysis

I-PRESERVE (irbesartan) ≥45% 59.50% -

CHARM-Preserved (can-
desartan)

>40% Not specified, but
35.5% of participants
had LVEF 41–49%

Specific consideration of group with LVEF 40–49% showed benefit
of treatment with regard to primary outcome: HR 0.76 (95% CI
0.61–0.96; p = 0.02)

TOPCAT (spironolactone) ≥45% 57.10% Interaction between continuous LVEF and treatment for primary
outcome: p = 0.046; Interaction between continuous LVEF and
treatment for HF hospitalisations: p = 0.039

PARAGON-HF
(sacubitril-valsartan)

≥45% 57.60% HR for events in sacubitril-valsartan arm in group with LVEF
≤median, 57%): 0.78 (95% CI 0.64–0.95)
HR in group with LVEF >median, 57%: 1.00 (95% CI 0.81–1.23)

RELAX (sildenafil) ≥50% 61.3% (calculated from
presented data)

-

EMPEROR-Preserved
(empagliflozin)

>40% 54.30% Treatment benefit with respect to primary composite in groups with
lower LVEF:
LVEF <50% HR 0.71 (95% CI 0.57–0.88)
LVEF ≥50 to <60% HR 0.88 (95% CI 0.64–0.99)
LVE ≥60% HR 0.87 (95% CI 0.69–1.10)

and vasodilators have not shown the same benefit, e.g.,
in the HFpEF I-PRESERVE and CHARM-Preserved trials
[53–56], likely reflecting the differing underlying patho-
physiologies. A re-analysis of CHARM participants with
LVEF 40–49% suggested outcome benefits for candesar-
tan in this range, but not when LVEF ≥50% [57]. HF-
pEF RAAS inhibition and vasodilation can drop preload
and thus stroke volume to a degree that causes renal hy-
poperfusion. Other strategies are under consideration, with
varying effects on renal function (Table. 2). It is likely that
studies of treatments for HFpEF have been hampered by the
heterogeneity of clinical characteristics.

6.2 Mineralocorticoid receptor antagonists (MRAs)
MRAs improve prognosis in HFrEF. Initial results of

the (Treatment of Preserved Cardiac Function Heart Fail-
ure With an Aldosterone Antagonist) TOPCAT study of
3445 patients with symptomatic HFpEF (LVEF ≥45%;
mean 57.1%) did not show outcome benefits of spironolac-
tone [58]. However subsequent analysis showed that par-
ticipants with an LVEF at the lower end of the spectrum
showed greater potential benefit from spironolactone with
respect to the primary endpoint (cardiovascular death, HF
hospitalisation, resuscitated sudden death) and to heart fail-
ure hospitalisations [59]. A post-hoc analysis of the same
study revealed significant and unanticipated differences in
outcome rates and clinical characteristics between patients
enrolled fromRussia and Georgia and those from the Amer-
icas (United States, Canada, Brazil, and Argentina), such
that interpretation of the former may be inconsistent. In the
Americas group treatment with spironolactone was associ-

ated with reduced risk of the primary composite outcome,
cardiovascular mortality, and hospitalisation for heart fail-
ure [60].

TreatmentwithMRAsmay be problematic for patients
with CKD because of adverse events, particularly hyper-
kalaemia; a quarter of the Americas cohort enrolled in TOP-
CAT developed a potassium ≥5.5 mmol/L. Those treated
with spironolactone were also significantly more likely to
have a doubling of creatinine during follow-up [60]. Simi-
lar consequences are seen in trials of spironolactone in pa-
tients with CKD and HFrEF [61]. Of note, TOPCAT ex-
cluded patients with eGFR<30mL/min/1.73m2, for whom
such adverse events would be more serious.

A later analysis of the 1175 TOPCAT participants with
a recorded baseline urine albumin: creatinine ratio (uACR)
showed that increased uACR was associated with worse
clinical outcomes, with no difference between the spirono-
lactone and placebo arms. However, the group treated with
spironolactone had reduced albuminuria after one year, and
reduction in albumin excretion was associated with a re-
duction in heart failure hospitalisation and all-cause mor-
tality [62]. Naturally there was an association between in-
creased albuminuria and CKD. Analysis of the same cohort
by kidney function (eGFR 30–45, 45–60,≥60mL/min/1.73
m2) showed that at all levels of CKD considered spirono-
lactone did lower the risk of reaching the primary compos-
ite endpoint. However, spironolactone was also associated
with increased adverse events including hyperkalaemia and
worsening renal function, leading the authors to conclude
that spironolactone should only be initiated in patients with
advanced CKD if close monitoring is available [37].
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Table 2. Summary of pharmacological treatment options in heart failure with preserved ejection fraction (HFpEF) and renal
considerations.

Class of agent Effect on HFpEF Renal considerations

Loop diuretics Symptomatic benefit when treating fluid overload Possible association with greater decline in renal function
Renin-angiotensin-aldosterone
system inhibitors

Prognostic benefit not demonstrated [54,55] Can potentially slow CKD progression via blood pressure
control and reduction of proteinuria;
May precipitate renal hypoperfusion;
Risk of hyperkalaemia

Mineralocorticoid receptor
antagonists (MRAs)

Mortality benefit not demonstrated [58]
Reduction of albuminuria [62];
Lower risk of composite endpoint of cardiovascular mor-
tality, heart failure hospitalisation or aborted cardiac ar-
rest in those with estimated GFR 30–60 mL/min/1.73 m2

[37];
May be associated with reduced hospitalisations
for heart failure [58]

Risk of adverse events including hyperkalaemia and
worsening renal function [60]

Sacubitril-valsartan
No reduction in composite endpoint of death
from cardiovascular causes or hospitalisations
for heart failure [35]

No differing treatment effect between those with eGFR
30–60 or >60 mL/min/1.73 m2 [35];
Reduction in renal composite endpoint (≥50% decrease
in eGFR, development of end-stage renal disease, or death
from renal causes) when in combination withMRA, com-
pared to MRA + valsartan alone [65]

Phosphodiesterase-5 inhibitors No clinical benefit [7] Associated with worsening renal function [7]

Sodium zirconium
cyclosilicate Patiromer

No specific benefits
Effective treatment for hyperkalaemia [74,75]Heart failure patients included in trial [72,73]

May allow other medications to be tolerated

Sodium-glucose
cotransporter 2 inhibitors

Reduction in cardiovascular mortality and
hospitalisations for heart failure [76]

Promising results in CKD without heart failure [77];
DELIVER trial ongoing

eGFR, estimated glomerular filtration rate; MRA, mineralocorticoid receptor antagonist; CKD, chronic kidney disease.

6.3 Sacubitril (neprilysin inhibitor)-valsartan
The primary outcome in the PARAGON-HF trial com-

paring sacubitril-valsartan with valsartan alone in 4796
patients with HFpEF was a composite of total hospital-
isations for heart failure and death from cardiovascular
causes, and rates were not significantly different between
the two groups [35]. A pooled analysis with data from the
PARADIGM-HF trial (inclusion LVEF<40%) suggested a
beneficial effect for treatment with sacubitril-valsartan for
participants with a “mid-range” LVEF, without definition of
a specific threshold [63]. Entry criteria for PARAGON-HF
included LVEF ≥45%, but also a high NT-proBNP cut-off,
to the effect that participants my not reflect the milder end
of HFpEF disease [64].

The rate ratio in PARAGON-HF appeared to favour
sacubitril-valsartan in participants with a baseline eGFR
<60 mL/min/1.73 m2 [relative risk (RR) 0.79, 95% CI
0.66–0.95] but equivocal for those with baseline eGFR≥60
mL/min/1.73 m2 (1.01 (0.8–1.27), suggesting that those
with CKD saw benefit from the intervention. However, af-
ter consideration in a multivariable model changes in eGFR
were not found to be associated with differing treatment ef-
fect.

A sub-group analysis of PARAGON-HF looked at the
findings according to background of MRA therapy. Jering
et al. [65] found potential value in combining treatment
with MRA and sacubitril/valsartan in patients with HFpEF.
The proportion of patients reaching the secondary outcome
renal composite endpoint (≥50% decrease in eGFR, devel-
opment of ESRD, or death from renal causes) was com-
parable between groups with and without baseline MRA
use, and lower with sacubitril/valsartan compared to val-
sartan alone. Patients with combined sacubitril/valsartan
and baseline MRA use had lower eGFR decline, without
compromised safety outcomes such as hypotension and hy-
perkalaemia, but only 24% of the PARAGON-HF cohort
also took an MRA. The U.S. Food and Drug Administra-
tion (FDA) approved the single pill combination of sacubi-
tril and valsartan, for treatment of HFpEF in early 2021. Of
note, a small study of 21 patients with HFpEF and on regu-
lar PD has shown short-term symptomatic and biochemical
benefits of sacubitril/valsartan in this cohort too [66].

6.4 Phosphodiesterase-5 inhibitors

Another treatment that has been considered
is sildenafil, a phosphodiesterase-5 inhibitor. The
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Phosphodiesterase-5 Inhibition to Improve Clinical Status
and Exercise Capacity in Heart Failure with Preserved
Ejection Fraction (RELAX) trial compared sildenafil with
placebo in 212 HFpEF patients (with LVEF ≥50%), of
whom 114 had CKD. Over a limited follow-up period (24
weeks) sildenafil was associated with worsening renal
function [7], and is not recommended.

6.5 Ultrafiltration

Ultrafiltration has been considered for management
of advanced heart failure without ESRD. Grossekettler et
al. [67] have shown symptomatic improvement and re-
duced hospitalisations in patients with undifferentiated (but
mean EF 31%) heart failure and non-end-stage CKD treated
with peritoneal ultrafiltration. Subsequent sub-group anal-
ysis demonstrated that the beneficial effects were greater
among those with HFpEF than HFrEF [68]. The CARESS-
HF trial investigated venous ultrafiltration as treatment for
acute decompensated heart failure (any EF) with worsened
renal failure and found no benefits but increased adverse
events compared to standard diuretic treatment [69].

6.6 Potassium management

Maintaining safe potassium levels is a particular con-
cern for patients with HFpEF and CKD, and use of various
treatments under consideration has had to be tempered as
a result. Interestingly, potassium abnormalities appear to
pose a greater threat for patients with HFpEF than HFrEF
[70]. Hyperkalaemia is common in advanced CKD, and
extreme abnormalities of potassium in either direction can
cause arrhythmias. There appears to be aU-shaped relation-
ship between potassium andmortality, with normokalaemia
offering the best prognosis. Ferriera et al. [43], conducting
a post-hoc analysis of the PARAGON-HF trial, observed
that in patients with HFpEF taking either valsartan or sacu-
bitril/valsartan those with potassium outside the range 4–5
mmol/L had higher rates of heart failure hospitalisations.
Hypokalaemia carried a greater risk than hyperkalaemia,
and was also associated with increased risk of death within
the follow-up period for patients with CKD. Patients with
potassium >5.2 mmol/L were excluded from the trial, so
hyperkalaemia effects are likely underrepresented. The au-
thors concluded that potassium abnormalities likely reflect
more advanced HFpEF and intensive treatment (especially
with diuretics) rather than directly causing adverse out-
comes.

The recent emergence of patiromer and sodium zirco-
nium cyclosilicate (SZC), as effective treatment strategies
for hyperkalaemia, should allow more patients to start or
remain on medications such as RAAS inhibitors or MRAs.
These are newer potassium binders with improved efficacy
and safety profile, compared to their predecessor sodium
polystyrene sulfonate. The two work at different sites in
the gastrointestinal tract resulting in increased potassium
faecal excretion and, hence, reduced serum potassium lev-

els. Given their individual characteristics it has been pro-
posed that patiromer might be preferable for the manage-
ment of chronic hyperkalaemia with SZC a better option
for the acute management of hyperkalaemia [71].

Both agents appear efficacious and reasonably well
tolerated in patients with heart failure (with any EF) and
though there is no available evidence in relation to HFpEF
specifically, there is no reason that their effects would be
compromised [72–74].

6.7 Future treatments

Sodium-glucose cotransporter 2 (SGLT2) inhibitors
offer hope to improve prognosis for many patients with
HFpEF and CKD, especially those with diabetes. There
is robust evidence supporting a prognostic benefit from
SGLT2 inhibition in HFrEF which is independent of the
presence of diabetes [78–80], and as a result empagliflozin
and dapagliflozin have recently been endorsed in the man-
agement of HFrEF by international organisations [81,82].
At the same time, SGLT2 inhibitors have been associated
with improved renal outcomes in both high cardiovascular
risk and CKD cohorts, an effect which, again, extends to
non-diabetic populations [83–85]. Recently, the results of
EMPERORPRESERVEDwere published [76] making em-
pagliflozin the first pharmacological agent ever reported to
confer a prognostic benefit in HFpEF. This trial enrolled
5988 patients with NYHA class II–IV heart failure and an
EF of more than 40%, assigned to receive empagliflozin
or placebo on top of standard therapy. Patients on em-
pagliflozin had a lower risk of the primary outcome of car-
diovascular death or hospitalisation for heart failure with
a HR of 0.79 (95% CI 0.69–0.90; p < 0.001) compared
to placebo, which, appeared principally driven by a reduc-
tion in the risk for hospitalisation for heart failure and was
independent of the presence of diabetes. Analysis of pre-
specified subgroups showed that the lower risk of primary
outcome held in the groups with LVEF <50% or ≥50%
to <60%, but not in the group with LVEF ≥60%. While
the eGFR decline was slower in the empagliflozin group
(–1.25 vs. –2.62 mL/min/1.73 m2; p < 0.001), there was
no difference in the composite renal outcome between the
two groups. However, when re-analysed defining a renal
event using conventional meta-analysis criteria (including
≥50% sustained decline in eGFR instead of≥40%) the haz-
ard ratio for the effect of empagliflozin on renal events in
the subgroup of those with ejection fraction 41–49% be-
came significant: 0.41 (95% confidence interval 0.20–0.85)
[86]. The ongoing Dapagliflozin Evaluation to Improve the
LIVEs of Patients with Preserved Ejection Fraction Heart
Failure (DELIVER) randomised controlled trial is compar-
ing dapagliflozin 10 mg once per day with placebo in pa-
tients with HF and LVEF>40%, and includes patients with
eGFR ≥25 mL/min/1.73 m2 [87]. Effect on slope of eGFR
will be assessed as an exploratory endpoint, and 6263 par-
ticipants have been recruited and randomised.
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Other potential pharmacological agents to be explored
include growth hormone-releasing agonists, which appear
to improve diastolic function in a swine model of CKD-
induced HFpEF [24]. The current Optimize-HFpEF trial
is exploring the impact of systematically screening for and
treating co-morbidities seen commonly in HFpEF, work-
ing from the hypothesis that these co-morbidities, includ-
ing renal, contribute to the widespread pro-inflammatory
state that leads to development on HFpEF [88]. Unfor-
tunately, specific treatments for CKD caused by the most
common aetiologies (hypertension and diabetes) are lack-
ing, although of course the underlying conditions may be
optimally managed. There may also be potential for future
development of treatment options that specifically target in-
flammation and the subsequent pathways to fibrosis [4], or
the various pathways by which CKD leads to coronary mi-
crovascular dysfunction [89]. Further, as noted when con-
sidering specific treatments above, trials have been under-
taken adopting a range of LVEF thresholds, and as such re-
sults must be interpreted with a degree of caution when ex-
trapolating to specific patient populations. Stark dichotomi-
sation of HFpEF and HFrEFmay not necessarily be helpful,
especially given HFpEF phenotype heterogeneity.

7. Acute kidney injury
Acute Kidney Injury (AKI) is defined by a sudden de-

terioration in renal function with rapid increase in serum
creatinine or decrease in urine output [90], and is com-
mon in patients admitted to hospital for treatment of acute
decompensation of heart failure (ADHF). A large registry
study in the USA found that AKI complicated 20% of two
million admissions with ADHF patients without underlying
CKD [91], and slightly more commonly seen in HFrEF than
in HFpEF.

In a pooled analysis of four studies of HFpEF patients
admitted to hospital with ADHF, baseline renal dysfunc-
tion, defined as eGFR<60mL/min/1.73m2) was present in
82% of participants [92]. Calculating from the figures pre-
sented, AKI occurred in 22% of admissions. Obese patients
admitted with ADHF were younger, had higher blood pres-
sure and were more likely to have diabetes, but had similar
baseline kidney function to non-obese counterparts. During
comparable diuresis obese patients were significantly more
likely to suffer AKI.

It is difficult to be sure whether transient creatinine
changes during diuresis reflect changing haemodynamics
within the glomerulus or true organ damage. An analysis
of undifferentiated (i.e., both HFrEF and HFpEF) patients
undergoing aggressive diuresis during ADHF did not find
associations between worsening renal function and recog-
nised markers of renal tubular injury including neutrophil
gelatinase-associated lipocalin (NGAL) and kidney injury
molecule 1 (KIM-1) [93]. Worsening renal function dur-
ing ADHF is associated with echocardiographic signs of
increased right ventricular free wall thickness and right ven-

tricular dysfunction [42].
AKI in general is associated with future development

of CKD [94], although long-term prognosis following AKI
in HFpEF is not yet demonstrated. While in an undifferenti-
ated cohort admitted with ADHF worsening renal function
was associated with significantly worse in hospital mor-
tality, complication rate and length of stay [95], in a pure
HFpEF cohort of 332 patients (including with and without
CKD) 30 day outcomes were not affected by development
of AKI [92]. Patients with HFpEF with normal baseline re-
nal function admitted with ADHF who developed AKI had
an increased in-hospital mortality: 4.9% vs. 1.6%, adjusted
odds ratio (OR) 3.21, p ≤ 0.001 [91].

Cardiac catheterization, commonly used for diagnos-
tic and therapeutic reasons, carries a risk of post-procedure
AKI. While there are clear recommendations for pre-
procedure hydration tomitigate AKI risk in patients without
heart failure, and at a lower rate for those with HFrEF, the
little evidence available to date suggests that over-hydration
is not helpful for those with HFpEF [96].

8. Conclusions
HFpEF and kidney dysfunction commonly co-exist,

and cardiologists, nephrologists and community physicians
will care for patients with both with increasing frequency.
They commonly share multiple risk factors and specific
pathophysiological features of each contribute to the de-
velopment and progression of the other, to the extent that
they may often be seen as different manifestations of the
same disease spectrum. Patients with a dual diagnosis of
HFpEF and CKD appear to bear a more severe clinical
picture and a worse prognosis. Neither CKD as caused
by diabetes/hypertension/obesity nor HFpEF currently have
proven treatments beyond control of co-morbidities and
management of symptoms, and prevention and limitation of
progression are key. The emerging evidence of a potential
promising role of SGLT2 inhibitors in the management of
HFpEF, on the background of their already demonstrated
renal prognostic benefit may significantly add to the lim-
ited existing strategies, and possibly provide valuable in-
sights on disease pathophysiology, should targeted research
be taken forward.
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