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Abstract

The current treatment landscape for heart failure is predominantly stratified using ejection

fraction. Established drug combinations and devices such as cardiac resynchronisation therapy

are available for heart failure with reduced ejection fraction (HFrEF), but medical options for

heart failure with preserved ejection fraction (HFpEF) have been lacking.

A major advance in recent years has been the discovery of effective therapies for HFpEF,

including sodium-glucose co-transporter 2 (SGLT2) inhibitors and perhaps also the

mineralocorticoid receptor antagonist spironolactone. For patients with atrial fibrillation and

heart failure, the benefit of rhythm control with either radiofrequency ablation or medical

therapy is uncertain. Targeted therapies for the small proportion of patients with transthyretin

cardiac amyloidosis are available, while antifibrotics seem promising for a larger proportion of

patients.

For patients with HFrEF, additional treatment options have emerged in the past 10 years. The

angiotensin receptor–neprilysin inhibitor (ARNI) combination sacubitril–valsartan and SGLT-2

inhibitors reduce mortality and improve life expectancy in symptomatic patients with HFrEF and

at least mildly elevated plasma concentrations of N-terminal pro-brain natriuretic peptide

(NT-proBNP). The oral soluble guanylate cyclase stimulator vericiguat and cardiac myosin

activator omecamtiv mecarbil are not yet licensed in the UK but may provide further treatment

options, perhaps in more select groups of patients.

Whether all patients with a prior diagnosis of HFrEF who are now in heart failure remission

should continue all therapies at maximum tolerated dose indefinitely remains a dilemma.
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Individualised de-escalation of therapy remains controversial due to the risk of relapse but is

occasionally trialled, particularly in patients with a triggering factor such as pregnancy. The

ultimate aim is a personalised treatment plan—based on disease phenotype and

trajectory—that minimises the risk of relapse and maximises the individual’s quality of life.
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Background

Current treatment for heart failure is determined predominantly by ejection fraction. While

effective treatments have been available for patients with heart failure with reduced ejection

fraction (HFrEF) for about 40 years, discovery of therapy that improves the outcome of patients

with heart failure with preserved ejection fraction (HFpEF)has been a more recent

achievement. Despite these advances, many questions on how best to manage patients with

heart failure remain. This article considers the advances in the past 10 years and highlights

questions that remain about the best use of available therapies and the hope for more

personalised management targeting the underlying disease mechanism. We also outline

directions for future research over the next 10–20 years.

Heart failure with preserved ejection fraction

Advances in treatments

One of the greatest advances in heart failure over the past 10 years has been the discovery of

medications that improve clinical outcomes for patients with HFpEF, for whom no effective

treatment options were previously available.

Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Preserved Ejection

Fraction (EMPEROR-Preserved) in patients with HFpEF, New York Heart Association (NYHA) class

II–IV symptoms, and NT-proBNP >300 ng/l (>900 ng/l for patients with atrial fibrillation)

demonstrated a reduction in the primary composite endpoint of cardiovascular mortality and

heart failure hospitalisation with the sodium-glucose cotransporter protein-2 (SGLT-2) inhibitor

empagliflozin (also discussed by Ahmed et al earlier in this issue). This appeared to be

predominantly driven by a reduction in heart failure hospitalisation. A post-hoc analysis of
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pooled data from EMPEROR-Preserved and EMPEROR-Reduced (which enrolled patients with

HFrEF) showed reductions in heart failure hospitalisations that extended up to a left ventricular

ejection fraction (LVEF) of ~65% (1). In the Dapagliflozin Evaluation to Improve the Lives of

Patients With Preserved Ejection Fraction Heart Failure (DELIVER) trial, which included patients

with LVEF >40%, dapagliflozin reduced the combined risk of worsening heart failure or

cardiovascular death compared with placebo (2). A patient-level, pooled meta-analysis of

findings from Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure (DAPA-HF) and

DELIVER showed that dapagliflozin reduced the risk of death from cardiovascular causes and

hospital admissions across the full range of ejection fractions in patients with heart failure

(Figure 1).(2)

The results of the Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone

Antagonist (TOPCAT) study examining the efficacy of the mineralocorticoid receptor antagonist

(MRA), spironolactone in patients with NYHA class II–IV symptoms, LVEF >45%, and NT-proBNP

>360 ng/l have been debated. This study included 3,445 patients, 51% of whom were enrolled

in North and South America and 49% in Russia and Georgia (3). Across the entire population,

spironolactone did not reduce the primary endpoint, which was death from cardiovascular

causes, aborted cardiac arrest, or hospitalisation for the management of heart failure (hazard

ratio [HR] 0.89 [95% confidence interval (CI) 0.77 to 1.04], p=0.14) (Figure 2). However, the

authors noted differences in population risk profiles and event rates between the two regions

and it was suggested that clinical diagnostic criteria may not have been consistently interpreted

or applied in Russia and Georgia (4,5). The magnitude of the effects of spironolactone on blood

pressure, potassium, and creatinine also raised doubt over whether treatment administration

was in line with protocol in Russia and Georgia, despite higher reported treatment adherence.
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A subgroup analysis in the population from the Americas found that spironolactone not only

reduced the risk of the primary endpoint (HR 0.74 [95% CI 0.57 to 0.97], p=0.03) but also the

risk of all-cause mortality (HR 0.82 [95% CI 0.69 to 0.98], p=0.03). Post-hoc analyses of

randomised trials should always be interpreted with caution due to the possibility of random

error increasing with the number of analyses performed (4). However, no other treatment for

HFpEF has been shown to reduce mortality and given the absence of alternative treatment

options for patients with HFpEF until recently, some have advocated cautious use of

spironolactone in this patient population based on the results of this post-hoc analysis. These

findings also emphasise the importance of effective trial monitoring to ensure accurate

application of eligibility criteria and highlights some of the flaws in how compliance is assessed

during a trial. The heart ‘OMics’ in AGEing (HOMAGE) randomized clinical trial, however, found

that in people with, or at high risk of coronary disease spironolactone reduced systolic blood

pressure, NT-proBNP and left atrial volume, suggesting it may potentially delay the onset of

heart failure (6).

Unmet needs and future research

Management of atrial fibrillation beyond anticoagulation is a major challenge in the setting of

HFpEF, with uncertainty over the benefit of rhythm control and ablation. Some evidence

supports the use of ablation for patients with atrial fibrillation and HFrEF; however, the

robustness of data from the Catheter Ablation for Atrial Fibrillation with Heart Failure

(CASTLE-AF) trial is debated, as ~10% of patients in the ablation arm did not complete follow-up

and a further 15% did not receive the intervention (7). Such an approach has therefore not

been universally adopted.8 Similar evidence is lacking for patients with HFpEF, and such a trial

would be challenging due to the heterogeneity of the population, as well as those issues
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highlighted in CASTLE-AF. The Cardiovascular Outcomes for People Using Anticoagulation

Strategies (COMPASS) trial investigated the use of low-dose rivaroxaban in more than

27,000 patients with stable coronary artery disease. The absolute benefit of the intervention in

reducing major adverse cardiovascular events was greatest in around 6000 patients with mild to

moderate heart failure, the majority of whom had preserved LVEF, compared with other groups

(8).9 Rivaroxaban could therefore be considered in this patient group, although caution should

be paid to this post-hoc sub-group analysis.

Questions also remain about the efficacy of medical therapies, particularly beta blockers among

patients with atrial fibrillation and heart failure. The optimal heart rate for patients with atrial

fibrillation and heart failure is debated and whether there is any benefit beyond rate control is

unclear(9).10

One explanation provided for the lack of effective therapies in HFpEF is the heterogeneity of the

disease within this cohort. It is recognised that there may be several different phenogroups of

disease, each driven by different mechanisms that may be responsive to different treatments.

Improved phenotyping of disease may lead to better and more targeted therapy (10). A small

proportion of patients, but perhaps greater than previously appreciated, will have cardiac

amyloidosis, particularly transthyretin forms of the disease. Therapies that target this disease

process, slowing progression and improving outcomes, have emerged(11). Diagnosing patients

early in the disease course by identifying red flags, such as unexplained cardiac hypertrophy or

carpal tunnel syndrome and using non-invasive imaging methods such as

99mtechnetium-3,3-diphosphono-1,2-propanodicarboxylic acid (DPD) or magnetic resonance
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imaging (MRI), will be key to improving outcomes in patients for whom such treatments are

available.

Therapies targeting fibrosis, a ubiquitous component of HFpEF and an important driver of

disease (12), may be more relevant for a larger proportion of the HFpEF population. A

double-blind, placebo-controlled trial of pirfenidone—a targeted antifibrotic medication

previously used in interstitial lung disease—in patients with HFpEF with markers of interstitial

fibrosis on cardiovascular MRI demonstrated reductions in fibrosis over follow-up (13). The

findings of this study require validation in a larger cohort. Spironolactone has seldom been used in

the HFpEF population on account of the initial results of TOPCAT (4),4 but it is now being used more

widely with the results of the post-hoc analysis7 and ESC guidance supporting its use in the mEF range

(14).

Heart failure with reduced ejection fraction

Advances in treatments

For patients with HFrEF, two of the biggest advances over the past 10 years have been the

introduction of the ARNi combination sacubitril–valsartan and SGLT2 inhibitors. When

combined with beta blockers and MRAs in quadruple therapy, these new treatments have

produced large reductions in mortality and improved quality of life for patients with

symptomatic heart failure and elevated NT-proBNP (15), as described by Ahmed et al earlier in

this issue. Whether asymptomatic patients or those with lower plasma concentrations of

natriuretic peptides who have milder forms of the disease gain similar relative risk reductions in

adverse outcome remains unclear. Even if the relative benefit will be the same, absolute risk

reduction might be small in this cohort, perhaps not justifying the costs of additional
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treatments. With greater emphasis being appropriately placed on prevention of heart failure

and identification of larger number of patients at risk of developing heart failure, these are

important questions to pursue.

Heart failure in remission

Whether patients who experience resolution of symptoms and improvement in LVEF continue

to gain benefit from all four therapies at maximum tolerated doses is unclear. This is relevant to

a growing group of individuals and is considered important by many. Examples include a

30-year-old woman with a previous diagnosis of peripartum cardiomyopathy who has

resolution of symptoms and wishes to become pregnant or, alternatively, an elderly patient

with multiple comorbidities who is experiencing fatigue and light-headedness and attributes

these symptoms to therapies for heart failure. The Therapy withdrawal in REcovered Dilated

cardiomyopathy (TRED-HF) trial found that at least half of patients with heart failure and

improved ejection fraction relapsed when all pharmacological therapy was discontinued (Figure

3)(16,17). This confirms that complete cessation of all therapies should generally not be

performed. However, whether individualised de-escalation of therapy is safe and improves

quality of life is uncertain. Given the increasing number of medications available, ways of

tailoring therapy to the individual to minimise side effects and reduce the risk of relapse are

becoming a growing priority.

Indeed, the rising number of drug options available to manage heart failure makes

de-escalation strategies increasingly attractive, given that many patients with heart failure

experience polypharmacy. A systematic review found the prevalence of polypharmacy, typically
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defined as ≥5 medications, ranged from 17.2% to 99% (18). One study in patients with heart

failure hospitalisations found that 84% of patients at admission and 95% at discharge took ≥5

medications and 42% at admission and 55% at discharge took ≥10 medications, with

non-cardiovascular drugs accounting for most medications taken by older adults with heart

failure (19). Polypharmacy presents challenges, such as increased adverse events and reduced

concordance. It is good practice to review medications regularly and stop those that are either

unnecessary or contraindicated in heart failure.

Methods

A group of experts gathered for an in-depth consideration of recent advances and future

prospects for the management of heart failure. Following a brief presentation, we drew on our

clinical and research experience to discuss the current and potential future management

paradigm. Case studies, featuring distinct presentations of heart failure in two patients, were

provided to aid the discussion. We further discussed approaches to educate the public and

improve clinical practice, reviewing evidence for new drugs, identifying unmet needs, and

identifying research priorities for the future.

Discussion

The absolute benefit in EMPEROR-Preserved was small, patients did not feel better or live

longer, and ejection fraction at baseline was more akin to mildly reduced ejection fraction. The

evidence for SGLT2 inhibitors also largely derived from the outpatient setting, and caution is

warranted when using these drugs for in-patients with acute heart failure, as it is currently

uncertain whether decreases in estimated glomerular filtration rate (eGFR) result from these

drugs or are a harmful side effect of diuretics, and this can cause a degree of clinical confusion
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and ambiguity that may inadvertently increase length of stay. Since the discussion, the

EMPagliflozin 10 mg Compared to Placebo, Initiated in Patients Hospitalised for acUte Heart

faiLure (de novo or decompensated chronic HF) Who Have Been StabilisEd (EMPULSE) trial has

provided encouraging data on the safety and efficacy of initiating empagliflozin in acute heart

failure, allaying some of these concerns (20) . In addition, results of the DELIVER trial have also

been published since the discussion and are encouraging for patients with LVEF >40% (2). A

post-hoc analysis of the DAPA-HF trial has also demonstrated a favourable association between

a decline in eGFR after initiation of dapagliflozin and improved heart failure and renal outcomes

(21).

Neither the oral soluble guanylate cyclase stimulator vericiguat nor the cardiac myosin activator

omecamtiv mecarbil are yet available in the UK, but these drugs may provide further treatment

options for patients with HFrEF. In the Vericiguat Global Study in Subjects with Heart Failure

with Reduced Ejection Fraction (VICTORIA) study, vericiguat reduced the incidence of death

from cardiovascular causes and hospitalisation for heart failure compared with placebo (22). In

the Global Approach to Lowering Adverse Cardiac Outcomes through Improving Contractility in

Heart Failure (GALACTIC-HF) trial, omecamtiv mecarbil had a lower incidence of a composite of

a heart failure event or death from cardiovascular causes than those who received placebo,

although the number needed to treat was very large when applied to patients with LVEF <40%

(23). These drugs are likely to be restricted to niche populations in whom they are identified to

work best: potentially those with most advanced disease, those who cannot tolerate

sacubitril–valsartan due to low blood pressure and those with a sarcomeric cause for their

heart failure.
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It is important to ensure that patients have received optimised and contemporary medical

therapy before they are referred for cardiac resynchronisation therapy or an implantable

cardioverter-defibrillator.

A personalised plan should be in place for every patient to outline stages throughout the

pathway where medication use can be reviewed. This should cover not only de-escalation but

also defined escalation of therapy that can be managed by primary care or through ‘rescue

packs’ of drugs such as diuretics that patients keep at home. This strategy is used for patients

with other long-term conditions such as chronic obstructive pulmonary disease, which can

reduce the need for clinic visits and provide patients with some reassurance should their

symptoms worsen. Telemonitoring programmes can support this type of approach, with

patients directed to alter their diuretic dose based on deviations from their ideal weight.

The continued need for implantable devices also needs to be considered, particularly for

patients with non-ischaemic pathology in whom heart function may recover. Current guidelines

recommend that use of implantable devices is considered after 3 months of optimal medical

therapy (14). However, some patients continue to experience reverse remodelling after this

time point and such patients have a markedly lower risk of major arrhythmia in the long-term.

Factors that indicate prognosis and the chance of recovery can be useful to support the decision

to maintain or remove the implant—for example, patients without evidence of fibrosis and with

low NT-proBNP levels are more likely to have a favourable prognosis, while those with fibrosis

and an unfavourable genetic profile are less likely to recover and may benefit from devices at an

earlier stage (24).
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However, de-escalation must be approached with great caution in patients without a triggering

factor such as pregnancy, as it is not possible to unequivocally identify which therapy or

combination of therapies has been effective in improving ejection fraction, particularly in the

modern era of parallel initiation of medications. Research is needed to predict outcomes and

biochemical consequences when therapies are tapered down based on disease characteristics

in order to personalise therapy, as well as to predict the small number of patients with dilated

cardiomyopathy who relapse suddenly after doing well on treatment for some years (25) .

Careful consideration will need to be given to which clinicians take the lead on medicines

optimisation and de-escalation. Hospital or primary care pharmacists could have a key role, as

they will be able to take a more holistic view of the patient’s overall medication list. However,

close collaboration led by experienced disease specialists is needed to determine which drugs

could be de-escalated and to identify patients at risk of relapse, which includes patients who

developed heart failure following infection with COVID-19.
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Key points

• Treatment options for heart failure differ depending on left ventricular ejection fraction.

More targeted approaches stratified by disease mechanism largely remain an ambition.

• Established drug combinations have been available for heart failure with reduced

ejection fraction (HFrEF) for 40 years, with effective therapies for heart failure with

preserved ejection fraction (HFpEF) only discovered more recently.

• Emerging potential therapies for HFpEF includes sodium-glucose co-transporter 2

(SGLT2) inhibitors, spironolactone, and therapies to target underlying amyloidosis and

fibrosis.

• Sacubitril–valsartan and SGLT2 inhibitors form cornerstones of therapy for patients with

symptomatic HFrEF and elevated natriuretic peptides. Other agents such as vericiguat

and omecamtiv mecarbil are likely to have a more limited role, perhaps for specific

subgroups of patients.

• For patients with improved cardiac function, individualised approaches to therapy that

are stratified by disease mechanism and aim to minimise the risk of relapse while

maximising quality of life should be the ambition.
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Figures

Figure 1. Outcomes with dapagliflozin in patients with heart failure. (Reproduced under CC

license. Original figure from Jhund PS et al. Dapagliflozin across the range of ejection fraction in

patients with heart failure: a patient-level, pooled meta-analysis of DAPA-HF and DELIVER. Nat

Med 28, 1956–1964 (2022). (2)
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Figure 2. Outcomes with spironolactone in patients with heart failure in the Treatment of

Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist (TOPCAT) study by

region—composite of death resulting from a cardiovascular cause, aborted cardiac arrest, or

hospitalisation for the management of heart failure (a), cardiovascular death (b), and heart

failure hospitalisation (c) (Original figure from Pfeffer et al Regional Variation in Patients and

Outcomes in the Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone

Antagonist (TOPCAT) Trial, Circulation 2015;131:34–42 (4).
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Figure 3. Time to relapse of cardiomyopathy* following cessation of treatment in the Therapy

withdrawal in REcovered Dilated cardiomyopathy (TRED-HF) trial .

(Reproduced under CC license. Halliday et al. Withdrawal of pharmacological treatment for

heart failure in patients with recovered dilated cardiomyopathy (TRED-HF): an open-label, pilot,

randomised trial. Lancet 2019;393:61-73) (16)
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