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Abstract 
 
 
The foundation of the treatment of heart failure with reduced ejection fraction 

(HFREF) is a number of pharmacotherapies that have been shown to reduce 

morbidity and mortality in large randomized multinational clinical trials. These 

include ACE inhibitors, angiotensin receptor blockers, beta-blockers, 

mineralocorticoid receptor antagonists and more recently, a combined 

angiotensin receptor blocker neprilysin inhibitor, sacubitril/valsartan. In select 

cases digoxin, ivabradine and hydralazine with isosorbide dinitrate have a role to 

play in the treatment of HFREF. On this foundation other more advanced 

treatments such as implantable cardioverter defibrillators (ICDs) and cardiac 

resynchronization therapy (CRT) are recommended in guidelines for the 

treatment of HFREF (i.e. an ejection fraction of  40%) and for a select few there 

remains the option of mechanical circulatory support and cardiac transplantation. 

The efficacy of pharmacotherapy does not vary by age and each of these therapies 

should be considered in all patients, irrespective of age. Other factors such as co-

morbidities like renal dysfunction may limit the use of some of these drugs in the 

elderly. Decision making with regards to device therapy is more complex; the 

likelihood of competing non-cardiovascular causes of death and life expectancy 

need to be considered. Despite multiple treatment options for HFREF, the options 

for heart failure with preserved ejection fraction (HFPEF) are limited. In the 

absence of robust outcomes data from a large randomized trial, a 

mineralocorticoid receptor antagonist is a reasonable therapy to reduce the risk 

of hospitalization for HF in HFPEF. 
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Key points 
 
Heart failure with reduced ejection fraction is treated with a number of 
pharmacotherapies that reduce morbidity and mortality regardless of age 
 
Older patients have more comorbidities and may be more likely to develop side 
effects such as hypotension but these side effects can be managed 
 
Heart failure with preserved ejection fraction may be more common in the elderly 
but as yet no therapies have been proven to reduce morbidity and mortality  
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1. Introduction 

With advances in the understanding of the pathophysiology of heart failure (HF) 

there have been major advances in the treatment of HF and particularly heart 

failure with reduced ejection fraction (HFREF), i.e. patients with an ejection 

fraction of  40%. Less progress has been made with heart failure with preserved 

ejection fraction (HFPEF- patients with an ejection fraction of > 50%), a form of 

HF for which there are few effective therapies. Despite improvements in both 

pharmacotherapy and device therapy for HF it remains a major cause of morbidity 

and mortality in the elderly. Although the average age of patients with HF is 77 

years1, early landmark clinical trials were designed with age related exclusion 

criteria2,3. While the narrow inclusion and exclusion criteria improve the internal 

validity of the trials, the external validity is consequently limited and clinicians 

must extrapolate the results to populations underrepresented or not studied in 

the trials such as the elderly. 

 

Delivery of treatments recommended by the guidelines, be those drugs or devices, 

is complex and frequently limited by comorbidities, limited physiological reserve, 

altered drug metabolism and the side effects of the treatment. Importantly with 

respect to devices, the potential benefit over the expected remaining years of life 

must be carefully considered. In this review we will focus on the management of 

HF in the older population. We will review the pharmacological therapies that are 

recommended for the treatment of HF in the major international guidelines. We 

will also discuss the issues surrounding selection of patients for device therapy, 

mechanical circulatory support and cardiac transplantation.  
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2. Heart failure in the elderly 

Heart Failure (HF) is one of the major cardiovascular causes of mortality and 

morbidity worldwide. It is predominantly a disease of the elderly with the 

incidence rising after the age of 60 and peaking around the age of 75 years1. Due 

to the aging population, the incidence is increasing and with longer survival due 

to more effective therapies being used, prevalence is also rising1. Furthermore, the 

burden of comorbidity is rising with 87% of patients having at least three other 

comorbidities1, but declines in the very elderly presumable due to survivor bias4.    

 

While in young patients, HF is often labelled as idiopathic, with a dilated 

cardiomyopathy, in the elderly, hypertension and ischemia tend to be the 

predominant etiologies in those with HFREF5. The normal process of ageing also 

causes progressive changes in cardiac structure and function, leading to 

diminished chronotropic and ionotropic responses, myocyte hypertrophy, 

increased intracardiac and filling pressures, and increased afterload.6  

Consequently, HFPEF is more common in the elderly4. Age-associated myocardial 

and vascular wall stiffness may lead to increased filling pressure in a stiff ventricle, 

resulting in pulmonary oedema6. Coexisting comorbidities common in the elderly 

e.g. atrial fibrillation, have potential to trigger acute decompensation in a heart 

with limited cardiac reserve. Coupled with this, older patients are also more likely 

to suffer from other comorbidities such as renal disease, diabetes, chronic lung 

disease and atrial fibrillation, directly and indirectly contributing to the 

myocardial damage, and adding to the complexity of HF.  
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3. Pharmacological treatment of heart failure with reduced ejection 

fraction 

Elderly patients tend to be under-represented in landmark clinical trials of 

therapies currently recommended for the treatment of HF in the guidelines, with 

the mean age being in the 60s (Figure 1).  Additionally, pharmacological treatment 

in elderly patients with HF is frequently limited by comorbidities such as renal 

dysfunction or hypotension. Elderly patients are also more likely to take multiple 

medications, and polypharmacy is associated with increased risk of drug 

interactions and adverse side effects. Although the incidence of side effects varies 

by age, the methods to deal with these do not differ in older compared to younger 

patients and the same principles apply. We would suggest following the 

recommendations in the guidelines with regards to  dealing with side effects of 

the major classes of pharmacotherapy for HF.7 While diuretics are recommended 

for all with signs and symptoms of congestion, other medications recommended 

by guidelines aim to improve morbidity and mortality8,9.  

 

3.1 ACE inhibitors and angiotensin receptor blockers  

The first major breakthrough in the treatment of HFREF came with the finding 

that angiotensin converting enzyme (ACE) inhibitors improved mortality in 

patients with HFREF3,10. The guidelines recommend that all patients with HFREF 

are commenced on an ACE inhibitor8,9. Although there have not been age specific 

analyses of the two main trials that underpin the use of ACE inhibitors, a meta-

analysis, including these two trials and a number of other smaller trials, has shown 

that the efficacy of ACE inhibitors is similar across age groups (Figure 2)11. ACE 

inhibitors improve mortality, and in particular in the elderly, reduce 
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hospitalizations for HF. Angiotensin receptor blockers (ARBs) are an alternative 

to ACE inhibitors in those who cannot tolerate ACE inhibitor8,9. In the Candesartan 

in Heart failure Assessment of Reduction in Mortality and morbidity trial 

(CHARM), the ARB candesartan was similarly effective across the age range in 

patients who could not tolerate an ACE inhibitor in the CHARM-Alternative arm of 

the program12,13. The efficacy of these drugs in the elderly with HFREF is not in 

question given the vast number of patients studied in multiple trials with no 

evidence of any age by treatment interaction. ACE inhibitors and ARBs can cause 

renal dysfunction, hyperkalaemia and hypotension. As older patients tend to have 

poorer renal function and often have issue with low blood pressure, these side 

effects can be more pronounced in the elderly. However, with careful monitoring 

of fluid status (ensuring that the patient is not dry), consideration of other 

therapies that may be causing renal dysfunction or hypotension, these issues can 

be overcome.  

 
3.2 Beta-blockers 

Beta-blockers reduce mortality and morbidity in symptomatic patients with HF 

and current guidelines recommend combination of ACE inhibitors and beta-

blocker as soon as diagnosis of HFREF is made8,9. The major clinical trials that have 

demonstrated the benefit of beta-blockers have been conducted in relatively 

young populations by current standards. However, in contrast to ACE inhibitors 

and ARBs, beta-blockers have been specifically tested in an elderly population in 

the SENIORS trials. The Study of the Effects of Nebivolol Intervention on Outcomes 

and Rehospitalisation in Seniors with Heart Failure study (SENIORS) included 

only patients at the age of 70 or above14. Use of beta-blocker nebivolol, when 
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compared to placebo, was associated with 14% reduction in all cause mortality 

and hospitalization (hazard ratio [HR] 0.86 95% confidence interval [CI] 0.74-

0.99, p= 0.039)26. This was mainly driven by the reduction in hospitalizations and 

not mortality, which was not reduced by nebivolol (HR 0.88, 95% CI 0.71–1.08; p= 

0.21). In recognition of the higher prevalence of HFPEF in the elderly, the SENIORS 

investigators enrolled patients with HFPEF and HFREF15, however only 35% had 

ejection fraction (EF) of > 35%, therefore despite there being no interaction 

between EF and the efficacy of nebivolol, the small number of patients with EF of 

≥ 40% has meant that this therapy is not considered for the treatment of HFPEF 

by the guidelines. SENIORS did however provide valuable information on the 

safety and tolerability of beta-blockers in the elderly. As expected, there was more 

bradycardia and hypotension compared to placebo in the nebivolol group but 

drug discontinuation rates and dose achieved were similar in the beta-blocker and 

placebo groups15. Finally, a comparison of the tolerability of bisoprolol and 

carvedilol in the those >65 years of age, confirmed that these drugs can be used 

and up titrated in this age group16.   

 

 
3.3 Mineralocorticoid receptor antagonists  

The mineralocorticoid receptor antagonists (MRA) spironolactone and 

eplerenone have been tested in two large randomized trials in patients with 

HFREF. Spironolactone was tested in the Randomized ALdactone Evaluation 

Study (RALES) in a population with New York Heart Association Class (NYHA) 

class III and IV HFREF17. Spironolactone reduced the risk of death in all ages 

(Figure 2). The MRA eplerenone was similarly effective in patients in NYHA class 
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II (Figure 2) 18. MRAs, as with ACE inhibitors and ARBs may cause renal 

dysfunction and hyperkalaemia, though they can be managed in the same way. 

Currently MRAs are indicated in patients who are receiving an ACE inhibitor or an 

ARB plus a beta-blocker and still remain symptomatic (NYHA class II or higher)8,9. 

 
 
3.4 Sacubitril/valsartan 

Sacubitril/valsartan is the first in class of the angiotensin receptor neprylisin 

inhibitors (ARNI). This drug is an ARB (valsartan) combined with a neprilysin 

inhibitor (sacubitril). The aim of the drug is to both inhibit the renin-angiotensin-

aldosterone system with valsartan and augment the natriuretic peptides through 

neprilysin inhibition. As such, it should not be prescribed at the same time as an 

ACE inhibitor or an ARB, and before commencing it patients must be off their ACE 

inhibitor for 36 hours. In the Prospective Comparison of ARNI With ACEI to 

Determine Impact on Global Mortality and Morbidity in Heart Failure 

(PARADIGM-HF) trial sacubitril/valsartan was superior to the ACE inhibitor 

enalapril in reducing cardiovascular (CV) death or HF hospitalizations, and all-

cause mortality19. The mean age of patients was 64 years, however nearly 1 in 5 

patients (18.6%) were aged 75 years or older20. The beneficial effect of 

sacubitril/valsartan was consistent across the spectrum of age for all of the 

endpoints studied, including all-cause mortality (Figure 2)20. The major guidelines 

differ slightly in their interpretation of the trial with the European guidelines 

recommending that an ARNI should be initiated in those who are still symptomatic 

despite an ACE inhibitor or an ARB, a beta-blocker and a MRA while the US 

guidelines are more lenient, allowing it to be used in place of an ACE inhibitor or 

an ARB earlier on in the treatment of HFREF. Sacubitril/valsartan is similar to all 
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other inhibitors of the renin-angiotensin-aldosterone system in that it can cause 

hypotension, renal impairment and hyperkalaemia. However, renal dysfunction 

and severe hyperkalaemia are less common with sacubitril/valsartan than 

enalapril and their incidence is no different across the different age groups20. 

Hypotension was a more frequent side effect and more common with 

sacubitril/valsartan than enalapril, but was not more common in the elderly 

(Figure 3)20. Finally there has been some concern that there is a theoretical risk 

that as neprilysin breaks down amyloid-ß peptides that inhibition of neprilysin 

may increase the risk of Alzheimer’s type dementia. However, in a retrospective 

analysis of PARADIGM-HF the rates of reported dementia were no different to a 

number of other trials of medications for heart failure including ARBs, statins and 

direct renin inhibitors.21  

 
3.5 Ivabradine 

The If channel inhibitor ivabradine is used for the treatment of HFREF when the 

patient is in sinus rhythm and either cannot take a beta-blocker (for example due 

to a contraindication such as asthma or bradycardia) or a heart rate of >70 bpm 

despite maximal tolerated dose of beta-blockers. This is on the basis of the Systolic 

Heart failure treatment with the If inhibitor ivabradine Trial (SHIFT)22 that 

demonstrated that ivabradine reduced the composite endpoint of CV death or HF 

hospitalization (although this was mainly through a reduction in HF 

hospitalizations). In an analysis of age groups the authors found no difference in 

the efficacy of ivabradine by age23.  

 

3.6 Digoxin 
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Digoxin has been used for the treatment of HF for thousands of years. The Digitalis 

Investigation Group (DIG) study examined the efficacy of digoxin in patients with 

HFREF and in the ancillary study, those with HFPEF24. Digoxin failed to reduce all 

cause mortality (the primary endpoint) but did reduce the secondary endpoints 

of HF mortality or HF hospitalization, HF hospitalization and all cause 

hospitalizations, and these effects were the same across all ages25.  

 

3.7 Hydralazine and isosorbide dinitrate 

The combination of hydralazine and isosorbide dinitrate has been studied in 

randomized trials26,27. While in the era prior to ACE inhibitors the combination 

was beneficial26, when tested against an ACE inhibitor it failed to improve 

outcomes27. However, the subgroup of patients of African descent did appear to 

gain benefit and in the subsequent African-American Heart Failure Trial (A-

HeFT)28, the combination reduced the primary endpoint of all cause death or HF 

hospitalization. This is thought to be because patients of African descent are less 

responsive to ACE inhibitors due to lower levels of activation of the renin-

angiotensin-aldosterone system. As such hydralazine and isosorbide dinitrate 

remain an option for those unable to take or tolerate an ACE inhibitor, an ARB or 

an ARNI8,9.  

 

4. Device and surgical therapy in HFREF 

4.1 Implantable cardioverter defibrillators and cardiac resynchronization therapy 

While the foundation of treatment of HFREF remains pharmacotherapy, in select 

patients implantable cardioverter defibrillators (ICDs) and cardiac 

resynchronization therapy (CRT) are indicated. However, the use of these device 
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therapies in the elderly is complex. Briefly, ICDs are indicated in a primary 

prevention setting if the patient is symptomatic (NYHA class II-III) with reduced 

EF (≤ 35%) despite 3 months of treatment with optimal medical therapy (OMT)8,9. 

An important additional criterion is that patients should have good functional 

status and should be expected to survive for more than 12 months. This is to 

ensure that the benefits of ICDs are likely to be realized. This can therefore often 

be a barrier to elderly patients. In the setting of secondary prevention ICDs are 

recommended in patients who have recovered from a ventricular arrhythmia, and 

again, who are expected to survive for more than 12 months and have good 

functional status8,9.  

 

Data on primary prevention in the elderly is limited and conflicting29–31. While 

many of the trials showed significant reduction in mortality in comparison to 

medical therapy alone, they predominantly included younger patients. The 

decision to implant an ICD in the elderly includes taking account of likely benefit, 

potential harms (both of the procedure and then the device itself which can fire 

inappropriately) and cost has been reviewed elsewhere32. While the use of ICDs 

in patients with an ischemic aetiology, which is more common in the elderly, is 

less controversial, their use in non-ischemic aetiology of HF is difficult33. Certainly 

the risk/benefit ratio in the whole population, and in particular the elderly, is 

questionable given contemporary rates of sudden death with modern 

pharmacotherapy34,35.  

 

4.2 Cardiac resynchronization therapy (CRT)  
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Cardiac resynchronization therapy (CRT) has been shown to improve quality of 

life, and reduce morbidity and mortality in selected patients with HF. Current 

guidelines recommend CRT in patients with EF ≤ 35%, wide QRS (≥ 130 ms) who 

remain symptomatic (NYHA II-IV) despite OMT8,9. Similar to the trials of medical 

therapies, trials of CRT have tended to include younger patients, though 

subsequent analyses have not shown any difference in efficacy by age36–38.  As with 

pharmacotherapy, the incidence of adverse events following ICD or CRT 

implantation such as pocket infection or haematoma formation is higher in elderly 

patients39. In addition to considering efficacy in the elderly, side effects and 

dealing with side effects of device implantation must be taken into account during 

the decision making process.  

 

4.3 Coronary artery bypass grafting 

In patients with coronary artery disease and HFREF, over a 10 year follow up, 

coronary artery bypass grafting was superior to optimal medical therapy and 

therefore is recommended in the guidelines as a therapeutic option for these 

patients40. However, much like ICDs and CRT, the benefit of surgery must be 

considered in light of potential life expectancy (the benefit takes a number of years 

to become apparent) and the competing risk of non-cardiovascular causes of 

death. As such the efficacy of coronary artery bypass grafting appears to be greater 

in younger patients41.  

 

4.4 Valve surgery and interventions 

In selected patients valve interventions such as surgical valve replacement or 

repair may be indicated in patients with heart failure due to valvular disease and 
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in those patients in whom valve disease is worsening their heart failure7,42.  The 

percutaneous treatment of aortic stenosis has become widespread and may be the 

favoured option in the elderly with more comorbidity who are unable to undergo 

surgical valve repair or replacement. More recently percutaneous techniques for 

the treatment of mitral valve regurgitation have shown promise in clinical trials 

although the mean age of enrolled patients remains relatively young43 

 

5.  Cardiac Transplantation and Mechanical Circulatory Support 

Left ventricular assist devices (LVADs) and cardiac transplantation are important 

therapies for advanced HF. Although their availability remains limited to 

specialized centers, the worldwide number of LVAD implants is increasing. While 

some centers have strict age related criteria for LVAD implantation, the literature 

on outcomes in the elderly remains inconclusive and rates of use after the age of 

65 years are low with data derived mainly from registries44. Similarly for cardiac 

transplantation age is not a contraindication but advancing age is an incremental 

risk factor. As a result, few patients in the UK have been transplanted above the 

age of 65 years although worldwide older patients do receive transplants45. The 

use of cardiac transplantation and LVADs in the elderly is a topic of much debate 

as the potential benefit of the therapies again must be weighed with their highly 

invasive nature and high incidence of serious side effects.46 

 

6. Heart failure with preserve ejection fraction (HFPEF) 

This review has tended to focus on the patients with HFREF, primarily because 

much of the evidence base is in this group. HFPEF is also challenging to diagnose 

correctly and patients are often older and have more comorbidities.47 However, in 
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older age groups the proportion of patients with HFPEF is higher, reaching 50% 

in some series. This group is particularly problematic as there are no clinical trials 

that have demonstrated a benefit of any one therapy in this group. ACE 

inhibitors48, ARBs49,50, MRAs51 and ivabradine52 have all been tested in this group, 

a trial of sacubitril/valsartan in HFPEF is ongoing53. The best current evidence 

comes from the Treatment of Preserved Cardiac Function Heart Failure with an 

Aldosterone Antagonist (TOPCAT) study51, where the MRA spironolactone was 

compared to placebo in patients with HF and EF of ≥45%. The trial was conducted 

in North America, Russia and Georgia, and there was doubt as to the diagnosis and 

adherence to therapy in Russia and Georgia centres. However, in the North 

American patients there was a reduction in HF hospitalization with 

spironolactone. In the absence of any other therapy that alters outcomes, the use 

of spironolactone in this group of patients would seem reasonable as is 

recommended in the guidelines9.  

 

7. Summary 

The management of HFREF and HFPEF in the elderly follows that of patients of 

any age. The pharmacotherapies that are recommended in the guidelines on the 

treatment of HF are also indicated in the elderly and are similarly efficacious in 

this population. Although age per se is not a contraindication to any device or 

surgical treatment for HF, decision making about these therapies is more difficult. 

There should be careful consideration of the potential benefits to the patient, in 

terms of potential gain in life expectancy,  before a decision is made.     

 

 



16 
 

 

COMPLIANCE WITH ETHICAL STANDARDS FUNDING: 

No external funding was used in the preparation of this manuscript 

 

CONFLICT OF INTEREST 

Joanna Osmanska reports no potential conflicts of interest that might be relevant to the 

contents of this manuscript 

 

Pardeep Jhund has received speakers fees from Novartis, advisory board fees from 

Novartis, Vifor Pharma, Boehringer Ingelheim, Amgen, Research grants from  

Boehringer Ingelheim. 

  



17 
 

  



18 
 

References 

 

1.  Conrad N, Judge A, Tran J, Mohseni H, Hedgecott D, Crespillo AP, Allison M, 

Hemingway H, Cleland JG, McMurray JJ V, Rahimi K. Temporal trends and 

patterns in heart failure incidence: a population-based study of 4 million 

individuals. Lancet (London, England) 2018;391:572–580.  

2.  Hjalmarson A, Goldstein S, Fagerberg B, Wedel H, Waagstein F, Kjekshus J, 

Wikstrand J, Westergren G, Thimell M, Allaf D El, Vítovec J, Aldershvile J, 

Halinen M, Dietz R, Neuhaus KL, Jánosi A, Thorgeirsson G, Dunselman P, 

Gullestad L, Kuch J, Herlitz J, Rickenbacher P, Ball S, Gottlieb S, Deedwania 

P, Vandenhoven G, Nováková I, Danker S, Lundström M, Meyer-Sabellek W, 

et al. Effect of metoprolol CR/XL in chronic heart failure: Metoprolol 

CR/XL Randomised Intervention Trial in Congestive Heart Failure (MERIT-

HF). Lancet 1999;353:2001–2007.  

3.  SOLVD Investigators, Yusuf S, Pitt B, Davis CE, Hood WB, Cohn JN. Effect of 

enalapril on survival in patients with reduced left ventricular ejection 

fractions and congestive heart failure. N Engl J Med 1991;325:293–302.  

4.  Mogensen UM, Ersbøll M, Andersen M, Andersson C, Hassager C, Torp-

Pedersen C, Gustafsson F, Køber L. Clinical characteristics and major 

comorbidities in heart failure patients more than 85 years of age 

compared with younger age groups. Eur J Heart Fail 2011;13:1216–1223.  

5.  Wong CM, Hawkins NM, Petrie MC, Jhund PS, Gardner RS, Ariti C a., Poppe 

KK, Earle N, Whalley G a., Squire IB, Doughty RN, McMurray JJ V., Berry C, 

Doughty R, Granger C, Kober L, Massie B, McAlister F, McMurray J, Pocock 



19 
 

S, Poppe K, Swedberg K, Somaratne J, Whalley G, Ahmed  a., Andersson B, 

Bayes-Genis  a., Berry C, Cowie M, Cubbon R, et al. Heart failure in younger 

patients: the Meta-analysis Global Group in Chronic Heart Failure 

(MAGGIC). Eur Heart J 2014;35:2714–2721.  

6.  Wei JY. Age and the cardiovascular system. N Engl J Med 1992;327:1735–

1739.  

7.  Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, Falk V, 

González-Juanatey JR, Harjola V-P, Jankowska EA, Jessup M, Linde C, 

Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GMC, Ruilope 

LM, Ruschitzka F, Rutten FH, Meer P van der, Authors/Task Force 

Members, Document Reviewers. 2016 ESC Guidelines for the diagnosis and 

treatment of acute and chronic heart failure: The Task Force for the 

diagnosis and treatment of acute and chronic heart failure of the European 

Society of Cardiology (ESC). Developed with the special contribution . Eur J 

Heart Fail 2016;18:891–975.  

8.  Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, Falk V, 

Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C, 

Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GMC, Ruilope 

LM, Ruschitzka F, Rutten FH, Meer P Van Der. 2016 ESC Guidelines for the 

diagnosis and treatment of acute and chronic heart failure. Eur Heart J 

2016;37:2129–2200.  

9.  Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Colvin MM, Drazner 

MH, Filippatos GS, Fonarow GC, Givertz MM, Hollenberg SM, Lindenfeld J, 

Masoudi FA, McBride PE, Peterson PN, Stevenson LW, Westlake C. 2017 

ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the 



20 
 

Management of Heart Failure: A Report of the American College of 

Cardiology/American Heart Association Task Force on Clinical Practice 

Guidelines and the Heart Failure Society of Amer. Circulation 

2017;136:e137–e161.  

10.  Effects of enalapril on mortality in severe congestive heart failure. Results 

of  the Cooperative North Scandinavian Enalapril Survival Study 

(CONSENSUS). The CONSENSUS Trial Study Group. N Engl J Med UNITED 

STATES; 1987;316:1429–1435.  

11.  Garg R, Yusuf S. Overview of randomized trials of angiotensin-converting 

enzyme inhibitors on mortality and morbidity in patients with heart 

failure. Collaborative Group on ACE Inhibitor Trials. JAMA 

1995;273:1450–1456.  

12.  Granger CB, McMurray JJ V, Yusuf S, Held P, Michelson EL, Olofsson B, 

Ostergren J, Pfeffer MA, Swedberg K, CHARM Investigators and 

Committees. Effects of candesartan in patients with chronic heart failure 

and reduced left-ventricular systolic function intolerant to angiotensin-

converting-enzyme inhibitors: the CHARM-Alternative trial. Lancet 

2003;362:772–776.  

13.  Cohen-Solal A, McMurray JJ V, Swedberg K, Pfeffer MA, Puu M, Solomon SD, 

Michelson EL, Yusuf S, Granger CB, CHARM Investigators. Benefits and 

safety of candesartan treatment in heart failure are independent of age: 

insights from the Candesartan in Heart failure--Assessment of Reduction 

in Mortality and morbidity programme. Eur Heart J 2008;29:3022–3028.  

14.  Flather MD, Shibata MC, Coats AJS, Veldhuisen DJ Van, Parkhomenko A, 

Borbola J, Cohen-Solal A, Dumitrascu D, Ferrari R, Lechat P, Soler-Soler J, 



21 
 

Tavazzi L, Spinarova L, Toman J, Böhm M, Anker SD, Thompson SG, Poole-

Wilson PA, SENIORS Investigators. Randomized trial to determine the 

effect of nebivolol on mortality and cardiovascular hospital admission in 

elderly patients with heart failure (SENIORS). Eur Heart J 2005;26:215–

225.  

15.  Veldhuisen DJ van, Cohen-Solal A, Böhm M, Anker SD, Babalis D, Roughton 

M, Coats AJS, Poole-Wilson PA, Flather MD, SENIORS Investigators. Beta-

blockade with nebivolol in elderly heart failure patients with impaired and 

preserved left ventricular ejection fraction: Data From SENIORS (Study of 

Effects of Nebivolol Intervention on Outcomes and Rehospitalization in 

Seniors With Heart Failure). J Am Coll Cardiol 2009;53:2150–2158.  

16.  Düngen H-D, Apostolović S, Inkrot S, Tahirović E, Töpper A, Mehrhof F, 

Prettin C, Putniković B, Nešković AN, Krotin M, Sakač D, Lainščak M, 

Edelmann F, Wachter R, Rau T, Eschenhagen T, Doehner W, Anker SD, 

Waagstein F, Herrmann-Lingen C, Gelbrich G, Dietz R. Titration to target 

dose of bisoprolol vs. carvedilol in elderly patients with heart failure: the 

CIBIS-ELD trial. Eur J Heart Fail 2011;13:670–680.  

17.  Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky J, 

Wittes J. The effect of spironolactone on morbidity and mortality in 

patients with severe heart failure. Randomized Aldactone Evaluation 

Study Investigators. N Engl J Med UNITED STATES; 1999;341:709–717.  

18.  Zannad F, McMurray JJ V, Krum H, Veldhuisen DJ van, Swedberg K, Shi H, 

Vincent J, Pocock SJ, Pitt B. Eplerenone in patients with systolic heart 

failure and mild symptoms. N Engl J Med 2011;364:11–21.  

19.  McMurray JJ V, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, 



22 
 

Rouleau JL, Shi VC, Solomon SD, Swedberg K, Zile MR, PARADIGM-HF 

Investigators and Committees. Angiotensin-neprilysin inhibition versus 

enalapril in heart failure. N Engl J Med 2014;371:993–1004.  

20.  Jhund PS, Fu M, Bayram E, Chen C-H, Negrusz-Kawecka M, Rosenthal A, 

Desai AS, Lefkowitz MP, Rizkala AR, Rouleau JL, Shi VC, Solomon SD, 

Swedberg K, Zile MR, McMurray JJ V, Packer M, PARADIGM-HF 

Investigators and Committees. Efficacy and safety of LCZ696 (sacubitril-

valsartan) according to age: insights from PARADIGM-HF. Eur Heart J 

2015;36:2576–2584.  

21.  Cannon JA, Shen L, Jhund PS, Kristensen SL, Køber L, Chen F, Gong J, 

Lefkowitz MP, Rouleau JL, Shi VC, Swedberg K, Zile MR, Solomon SD, 

Packer M, McMurray JJV. Dementia-related adverse events in PARADIGM-

HF and other trials in heart failure with reduced ejection fraction. Eur J 

Heart Fail 2017;19:129–137.  

22.  Swedberg K, Komajda M, Böhm M, Borer JS, Ford I, Dubost-Brama A, 

Lerebours G, Tavazzi L. Ivabradine and outcomes in chronic heart failure 

(SHIFT): a randomised placebo-controlled study. Lancet 2010;376:875–

885.  

23.  Tavazzi L, Swedberg K, Komajda M, Böhm M, Borer JS, Lainscak M, Ford I. 

Efficacy and safety of ivabradine in chronic heart failure across the age 

spectrum: Insights from the SHIFT study. Eur J Heart Fail 2013;15:1296–

1303.  

24.  Digitalis Investigation Group. The effect of digoxin on mortality and 

morbidity in patients with heart failure. N Engl J Med 1997;336:525–533.  

25.  Rich MW, McSherry F, Williford WO, Yusuf S. Effect of age on mortality, 



23 
 

hospitalizations and response to digoxin in patients with heart failure: The 

DIG study. J Am Coll Cardiol 2001;38:806–813.  

26.  Cohn JN, Archibald DG, Ziesche S, Franciosa JA, Harston WE, Tristani FE, 

Dunkman WB, Jacobs W, Francis GS, Flohr KH. Effect of vasodilator 

therapy on mortality in chronic congestive heart failure. Results of a 

Veterans Administration Cooperative Study. N Engl J Med 1986;314:1547–

1552.  

27.  Cohn JN, Johnson G, Ziesche S, Cobb F, Francis G, Tristani F, Smith R, 

Dunkman WB, Loeb H, Wong M. A comparison of enalapril with 

hydralazine-isosorbide dinitrate in the treatment of chronic congestive 

heart failure. N Engl J Med 1991;325:303–310.  

28.  Taylor AL, Ziesche S, Yancy C, Carson P, D’Agostino R, Ferdinand K, Taylor 

M, Adams K, Sabolinski M, Worcel M, Cohn JN, African-American Heart 

Failure Trial Investigators. Combination of isosorbide dinitrate and 

hydralazine in blacks with heart failure. N Engl J Med 2004;351:2049–

2057.  

29.  Santangeli P, Biase L Di, Russo A Dello, Casella M, Bartoletti S, Santarelli P, 

Pelargonio G, Natale A. Meta-analysis: age and effectiveness of 

prophylactic implantable cardioverter-defibrillators. Ann Intern Med 

2010;153:592–599.  

30.  Kong MH, Al-Khatib SM, Sanders GD, Hasselblad V, Peterson ED. Use of 

implantable cardioverter-defibrillators for primary prevention in older 

patients: a systematic literature review and meta-analysis. Cardiol J 

2011;18:503–514.  

31.  Earley A, Persson R, Garlitski AC, Balk EM, Uhlig K. Effectiveness of 



24 
 

implantable cardioverter defibrillators for primary prevention of sudden 

cardiac death in subgroups a systematic review. Ann Intern Med 

2014;160:111–121.  

32.  Barra S, Providência R, Paiva L, Heck P, Agarwal S. Implantable 

cardioverter-defibrillators in the elderly: rationale and specific age-related 

considerations. Europace 2015;17:174–186.  

33.  Beggs SAS, Jhund PS, Jackson CE, McMurray JJ V, Gardner RS. Non-

ischaemic cardiomyopathy, sudden death and implantable defibrillators: a 

review and meta-analysis. Heart 2017;heartjnl-2016-310850.  

34.  Elming MB, Nielsen JC, Haarbo J, Videbæk L, Korup E, Signorovitch J, 

Olesen LL, Hildebrandt P, Steffensen FH, Bruun NE, Eiskjær H, Brandes A, 

Thøgersen AM, Gustafsson F, Egstrup K, Videbæk R, Hassager C, Svendsen 

JH, Høfsten DE, Torp-Pedersen C, Pehrson S, Køber L, Thune JJ. Age and 

Outcomes of Primary Prevention Implantable Cardioverter-Defibrillators 

in Patients With Nonischemic Systolic Heart Failure. Circulation 

2017;136:1772–1780.  

35.  Hess PL, Al-Khatib SM, Han JY, Edwards R, Bardy GH, Bigger JT, Buxton A, 

Cappato R, Dorian P, Hallstrom A, Kadish AH, Kudenchuk PJ, Lee KL, Mark 

DB, Moss AJ, Steinman R, Inoue LYT, Sanders G. Survival benefit of the 

primary prevention implantable cardioverter-defibrillator among older 

patients: does age matter? An analysis of pooled data from 5 clinical trials. 

Circ Cardiovasc Qual Outcomes 2015;8:179–186.  

36.  Thomas S, Moss AJ, Zareba W, McNitt S, Barsheshet A, Klein H, Goldenberg 

I, Huang DT, Biton Y, Kutyifa V. Cardiac Resynchronization in Different Age 

Groups: A MADIT-CRT Long-Term Follow-Up Substudy. J Card Fail 



25 
 

2016;22:143–149.  

37.  Cleland JG, Abraham WT, Linde C, Gold MR, Young JB, Claude Daubert J, 

Sherfesee L, Wells GA, Tang ASL. An individual patient meta-analysis of 

five randomized trials assessing the effects of cardiac resynchronization 

therapy on morbidity and mortality in patients with symptomatic heart 

failure. Eur Heart J 2013;34:3547–3556.  

38.  Penn J, Goldenberg I, Moss AJ, McNitt S, Zareba W, Klein HU, Cannom DS, 

Solomon SD, Barsheshet A, Huang DT, MADIT-CRT Trial investigators. 

Improved outcome with preventive cardiac resynchronization therapy in 

the elderly: a MADIT-CRT substudy. J Cardiovasc Electrophysiol 

2011;22:892–897.  

39.  Köbe J, Andresen D, Maier S, Stellbrink C, Kleemann T, Gonska B-D, Reif S, 

Hochadel M, Senges J, Eckardt L. Complications and 1-year benefit of 

cardiac resynchronization therapy in patients over 75 years of age - 

Insights from the German Device Registry. Int J Cardiol 2017;228:784–

789.  

40.  Velazquez EJ, Lee KL, Deja M a., Jain A, Sopko G, Marchenko A, Ali IS, 

Pohost G, Gradinac S, Abraham WT, Yii M, Prabhakaran D, Szwed H, 

Ferrazzi P, Petrie MC, O’Connor CM, Panchavinnin P, She L, Bonow RO, 

Rankin GR, Jones RH, Rouleau J-L. Coronary-Artery Bypass Surgery in 

Patients with Left Ventricular Dysfunction. N Engl J Med 2011;364:1607–

1616.  

41.  Petrie MC, Jhund PS, She L, Adlbrecht C, Doenst T, Panza JA, Hill JA, Lee KL, 

Rouleau JL, Prior DL, Ali IS, Maddury J, Golba KS, White HD, Carson P, 

Chrzanowski L, Romanov A, Miller AB, Velazquez EJ, STICH Trial 



26 
 

Investigators. Ten-Year Outcomes After Coronary Artery Bypass Grafting 

According to Age in Patients With Heart Failure and Left Ventricular 

Systolic Dysfunction: An Analysis of the Extended Follow-Up of the STICH 

Trial (Surgical Treatment for Ischemic Heart Failure). Circulation 

2016;134:1314–1324.  

42.  Baumgartner H, Falk V, Bax JJ, Bonis M De, Hamm C, Holm PJ, Iung B, 

Lancellotti P, Lansac E, Rodriguez Muñoz D, Rosenhek R, Sjögren J, Tornos 

Mas P, Vahanian A, Walther T, Wendler O, Windecker S, Zamorano JL, ESC 

Scientific Document Group. 2017 ESC/EACTS Guidelines for the 

management of valvular heart disease. Eur Heart J 2017;38:2739–2791.  

43.  Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM, Whisenant 

B, Grayburn PA, Rinaldi M, Kapadia SR, Rajagopal V, Sarembock IJ, Brieke 

A, Marx SO, Cohen DJ, Weissman NJ, Mack MJ, COAPT Investigators. 

Transcatheter Mitral-Valve Repair in Patients with Heart Failure. N Engl J 

Med 2018;  

44.  Atluri P, Goldstone AB, Kobrin DM, Cohen JE, MacArthur JW, Howard JL, 

Jessup ML, Rame JE, Acker MA, Woo YJ. Ventricular assist device implant in 

the elderly is associated with increased, but respectable risk: a multi-

institutional study. Ann Thorac Surg 2013;96:141–147.  

45.  Lund LH, Edwards LB, Kucheryavaya AY, Dipchand AI, Benden C, Christie 

JD, Dobbels F, Kirk R, Rahmel AO, Yusen RD, Stehlik J, International Society 

for Heart and Lung Transplantation. The Registry of the International 

Society for Heart and Lung Transplantation: Thirtieth Official Adult Heart 

Transplant Report--2013; focus theme: age. J Heart Lung Transplant 

2013;32:951–964.  



27 
 

46.  Nair N, Gongora E. Reviewing the use of ventricular assist devices in the 

elderly: where do we stand today? Expert Rev Cardiovasc Ther 

2018;16:11–20.  

47.  Desai AS, Jhund PS. After TOPCAT: What to do now in Heart Failure with 

Preserved Ejection Fraction. Eur Heart J 2016;37:3135–3140.  

48.  Cleland JGF, Tendera M, Adamus J, Freemantle N, Polonski L, Taylor J. The 

perindopril in elderly people with chronic heart failure (PEP-CHF) study. 

Eur Heart J 2006;27:2338–2345.  

49.  Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ V, 

Michelson EL, Olofsson B, Ostergren J. Effects of candesartan in patients 

with chronic heart failure and preserved left-ventricular ejection fraction: 

the CHARM-Preserved Trial. Lancet 2003;362:777–781.  

50.  Massie BM, Carson PE, McMurray JJ, Komajda M, McKelvie R, Zile MR, 

Anderson S, Donovan M, Iverson E, Staiger C, Ptaszynska A. Irbesartan in 

patients with heart failure and preserved ejection fraction. N Engl J Med 

2008;359:2456–2467.  

51.  Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, Clausell N, 

Desai AS, Diaz R, Fleg JL, Gordeev I, Harty B, Heitner JF, Kenwood CT, Lewis 

EF, O’Meara E, Probstfield JL, Shaburishvili T, Shah SJ, Solomon SD, 

Sweitzer NK, Yang S, McKinlay SM. Spironolactone for heart failure with 

preserved ejection fraction. N Engl J Med 2014;370:1383–1392.  

52.  Komajda M, Isnard R, Cohen-Solal A, Metra M, Pieske B, Ponikowski P, 

Voors AA, Dominjon F, Henon-Goburdhun C, Pannaux M, Böhm M, 

prEserveD left ventricular ejectIon fraction chronic heart Failure with 

ivabradine studY (EDIFY) Investigators. Effect of ivabradine in patients 



28 
 

with heart failure with preserved ejection fraction: the EDIFY randomized 

placebo-controlled trial. Eur J Heart Fail 2017;19:1495–1503.  

53.  Solomon SD, Rizkala AR, Gong J, Wang W, Anand IS, Ge J, Lam CSP, 

Maggioni AP, Martinez F, Packer M, Pfeffer MA, Pieske B, Redfield MM, 

Rouleau JL, Veldhuisen DJ Van, Zannad F, Zile MR, Desai AS, Shi VC, 

Lefkowitz MP, McMurray JJ V. Angiotensin Receptor Neprilysin Inhibition 

in Heart Failure With Preserved Ejection Fraction: Rationale and Design of 

the PARAGON-HF Trial. JACC Heart Fail 2017;5:471–482.  

54.  Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH, Fonarow 

GC, Geraci SA, Horwich T, Januzzi JL, Johnson MR, Kasper EK, Levy WC, 

Masoudi FA, McBride PE, McMurray JJ V, Mitchell JE, Peterson PN, Riegel B, 

Sam F, Stevenson LW, Tang WHW, Tsai EJ, Wilkoff BL. 2013 ACCF/AHA 

Guideline for the Management of Heart Failure: A Report of the American 

College of Cardiology Foundation/American Heart Association Task Force 

on Practice Guidelines. Circulation 2013;128:e240–e327.  

55.  Effect of enalapril on survival in patients with reduced left ventricular 

ejection fractions and congestive heart failure. The SOLVD Investigators. N 

Engl J Med UNITED STATES; 1991;325:293–302.  

56.  Effects of enalapril on mortality in severe congestive heart failure. Results 

of the Cooperative North Scandinavian Enalapril Survival Study 

(CONSENSUS). The CONSENSUS Trial Study Group. N Engl J Med 

1987;316:1429–1435.  

57.  Masson S, Latini R, Anand IS, Barlera S, Angelici L, Vago T, Tognoni G, Cohn 

JN. Prognostic value of changes in N-terminal pro-brain natriuretic peptide 

in Val-HeFT (Valsartan Heart Failure Trial). J Am Coll Cardiol 



29 
 

2008;52:997–1003.  

58.  CIBIS-II Investigators and Committees. The Cardiac Insufficiency 

Bisoprolol Study II (CIBIS-II): A randomised trial. Lancet 1999;353:9–13.  

59.  Packer M, Fowler MB, Roecker EB, Coats AJS, Katus HA, Krum H, Mohacsi P, 

Rouleau JL, Tendera M, Staiger C, Holcslaw TL, Amann-Zalan I, DeMets DL, 

Carvedilol Prospective Randomized Cumulative Survival (COPERNICUS) 

Study Group. Effect of carvedilol on the morbidity of patients with severe 

chronic heart failure: results of the carvedilol prospective randomized 

cumulative survival (COPERNICUS) study. Circulation 2002;106:2194–

2199.  

60.  Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky J, 

Wittes J. The effect of spironolactone on morbidity and mortality in 

patients with severe heart failure. N Engl J Med Mass Medical Soc; 

1999;341:709–717.  

61.  Cohn JN, Tognoni G. A randomized trial of the angiotensin-receptor 

blocker valsartan in chronic heart failure. N Engl J Med United States; 

2001;345:1667–1675.  

62.  Kotecha D, Manzano L, Krum H, Rosano G, Holmes J, Altman DG, Collins PD, 

Packer M, Wikstrand J, Coats AJS, Cleland JGF, Kirchhof P, Lueder TG Von, 

Rigby AS, Andersson B, Lip GYH, Veldhuisen DJ Van, Shibata MC, Wedel H, 

Böhm M. Effect of age and sex on efficacy and tolerability of β blockers in 

patients with heart failure with reduced ejection fraction : individual 

patient data meta-analysis. Br Med J 2016;353:i1855.  

 

 



30 
 

Table. Guideline recommended therapies for the treatment of symptomatic 
(NYHA class II-IV) heart failure with reduced ejection fraction. Therapies are 
added sequentially if the patient remains symptomatic.7,9,54 
 

Step 1 - First line therapy  Comments 
ACE Inhibitors (or ARB in those 
intolerant of ACE inhibitors 

 

ARBs can be used in those intolerant of 
ACE inhibitors because of side effects 
such as cough 

Beta blockers 

 
 

Step 2 - Second line therapy – 
ongoing symptoms NYHA class II-IV 
 

 

Mineralocorticoid receptor 
antagonists 

 

 

Step 3 - Third line therapy – ongoing 
symptoms NYHA class II-IV 

 

 

Ivabradine (heart rate >=70bpm) 

 
Can be used with a betablocker if there 
is inadequate heart rate control and the 
patient is in sinus rhythm  

Sacubitril/valsartan  

 
Not to be prescribed with an ACE inhibitor 
or ARB. ACE inhibirors should be stopped 
36 hours prior to intiation of 
sacubitril/valsartan 

Isosorbide dinitrate/Hydralazine 

 
 

Digoxin 

 
 

Step 3 - Device therapy  
Implantable cardioverter 
defibrillator (ICD) 

At any time a patient with an ejection fraction 
<=35% may be eligible for an ICD is they have 
a primary prevention indication  

 
Cardiac resynchronization therapy 
(CRT) 

CRT is recommended if the patient 
remains symptomatic with a reduced 
ejection fraction despite optimal medical 
therapy with an ACE inhibitor or ARB, 
betablocker and MRA. CRT is 
recommended if the QRS  duration is ≥ 
130 msec and left bundle branch block is 
present (in sinus rhythm) and can be 
considered if QRS ≥ 130 msec with non-
LBBB (in a sinus rhythm) or in patients 
in atrial fibrillation  

Step 4 - Cardiac transplantation/ 
LVAD 

 

Reserved for select populations after 
extensive workup in a specialist centre  
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Figure 1. Mean age of participants in clinical trials of pharmacotherapies that are recommended in guidelines for the treatment of heart 
failure with reduced ejection fraction and that have been shown to improve morbidity and mortality2,12,56–61,14,18,19,22,24,26,28,55.  
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Figure 2. Efficacy of therapies that have been shown to reduce all cause mortality according to age patients with heart failure and a 
reduced ejection fraction.11,17–19,62  
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Figure 3. Safety profile of sacubitril/valsartan compared to enalapril according 
to age. P for interaction for all comparisons >0.05. 20 
 


