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Abstract

Patients with heart failure (HF) syndromes have been categorized as those with reduced ejection 

fraction (EF; HFrEF) or preserved EF (HFpEF), and ischemia plays a key role in both types. HF 

remains a major cause of morbidity and mortality worldwide, and with the aging of our population 

this burden continues to rise, predominantly as a result of hospitalizations for HFpEF. Patients 

with obstructive coronary artery disease more likely have HFrEF, rather than HFpEF, secondary to 

acute ischemic injury resulting in myocardial infarction, and large outcomes trials of treatments 

with neurohumoral inhibition have documented reduced adverse outcomes. In contrast, similar 

treatments in patients with HFpEF have not proven beneficial. This therapeutic dilemma may be 

attributed, in part, to heterogeneity in the underlying pathophysiology with different systemic and 

myocardial signaling pathways, despite similar clinical presentations and findings, in patients with 

HFpEF. Also, emerging evidence indicates that impaired myocardial perfusion and inflammation 

secondary to multiple comorbidities are key mechanisms in HFpEF. We will thoroughly review the 

role of ischemic heart disease in the pathogenesis of HFrEF and HFpEF, and discuss the medical 

management strategies available for these conditions.
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Overview

It has been estimated that 6.2 million Americans over the age of 20 years suffer from heart 

failure (HF). This disorder continues to be a significant cause of morbidity and mortality in 

developed nations, and ischemic heart disease (IHD) is the common etiology.1, 2 The 

continuing decline in deaths due to acute myocardial infarction (MI) and the aging of our 

population are predicted to result in a 46% increase in the prevalence of HF by 2030, which 
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would equate to >8 million adults in the United States.3 Over the last two decades, there has 

been improvement in cardiovascular medical therapies and the development of devices that 

have improved overall survival for patients with HF. However, it is important to note that 

although HF survival ratio has plateaued, the prevalence of HF continues to increase at a 

worrisome rate.1

Prevention and management of HF remains a major public health concern due to its 

enormous financial and societal burden.4 HF represents the most common cause of 

hospitalization in the elderly, with an estimated annual cost of $40 billion that is predicted to 

increase to almost $69.7 billion by 2030.3 In the United States, there is a 20%–45% lifetime 

risk of developing HF for adults age 45–95 years.5, 6 The current annual incidence of HF 

hospitalization in the United States has reached ~1 million.1 Furthermore, the prevalence of 

HF with preserved ejection fraction (HFpEF) is increasing compared to HF with reduced 

ejection fraction (HFrEF).7 Traditionally, this classification of HF (i.e., HFrEF and HFpEF) 

has been based on EF values as estimated with imaging modalities such as 

echocardiography, radionuclide ventriculography, contrast angiography and cardiac 

magnetic resonance imaging. For the purpose of this review, we will discuss established and 

ongoing medical therapies for both types of HF that are driven by evidence using this 

traditional classification. However, it is important to acknowledge that emerging evidence 

suggests that using EF for classification of HF might be suboptimal. This concern is because 

there are other forms of HF that do not necessarily fall into the traditional EF classification 

such as HF with mid-range EF and HF with recovered EF, as well as subclinical left 

ventricular (LV) dysfunction, including LV hypertrophy, etc.8 Additionally, other assessment 

modalities such as global longitudinal strain provide better prognostic information because 

disease phenotypes have changed since the era when EF was developed. Thus, continued use 

of a classification based on EF alone may be insufficient.8

Nearly 70% of all HF syndromes can be attributed to underlying IHD.9 Despite efforts to 

address the key prevention risk factors for IHD, the incidence of HF hospitalizations has not 

largely changed and is actually projected to rise.4 Ischemia plays a pivotal role in the 

development and progression of both types of HF. Patients with an obstructive epicardial 

stenosis (e.g. coronary artery disease [CAD]) are more likely to have HFrEF (rather than 

HFpEF) as a result of acute ischemic injury causing in myocardial infarction (MI) with scar 

formation, and large outcomes trials of treatments with neurohumoral inhibition have clearly 

documented reduced adverse outcomes. In contrast, similar treatments in patients with 

HFpEF have not proven beneficial, and emerging evidence indicates that impaired 

myocardial perfusion and inflammation, secondary to multiple systemic comorbidities, are 

key. This therapeutic dilemma may be attributed to the fact that the pathophysiology of 

HFpEF is heterogeneous, and individuals with this syndrome may have defects in different 

systemic and myocardial signaling pathways, despite similar clinical presentations and 

findings.

Epidemiology of CAD, and more broadly IHD, among patients with HF

Over the past four decades, there have been 26% and 48% increases, among men and 

women, respectively, in HF prevalence resulting from MI.10 This is in contrast to a decrease 
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of 13% among men and 25% among women in HF attributed to hypertension and ~25% 

reduction in HF secondary to valvular heart disease in both sexes.9 Epidemiological data 

show that the role of CAD in HF varies based on geographic region. While only 10% of all 

HF cases in Sub-Saharan Africa can be attributed to CAD, as high as 50%–70% of all cases 

in the United States and Europe, and 30%–40% of all cases in Asia and Latin America, are 

caused by underlying CAD.11 Data from cohorts enrolled in HF treatment trials suggest that 

approximately two of three HF cases were associated with obstructive CAD.12–16 However, 

this may underestimate the actual prevalence of CAD or IHD in HF patients, as many of 

these HF treatment trials did not enroll patients with recent MI, angina, or evidence of 

ischemia. Findings from epidemiological studies, such as the Framingham Heart Study 

(FHS) and the Olmstead County Study (OCS), concur with these observations. During the 

118,000 person-years follow-up of the FHS cohort, ~25% of patients had a MI prior to 

developing HF, whereas only 5% of the cohort developed HF without a prior, clinically 

recognized, ischemic event.10 Compared with these FHS patients, all of those enrolled in the 

OCS had a history of MI but no history of HF.17 At a mean follow-up of 7 years, 41% had 

developed new-onset HF. Among patients with HF, ~45% had HFrEF (defined as EF <50%), 

~18% had HFpEF (EF ≥50%), and the remainder did not have LV function assessment 

within 60 days of their HF diagnosis.

Prognosis

Once the diagnosis of HF is made, it is important to distinguish between ischemic and non-

ischemic causes. The presence of IHD due to flow-limiting obstructive coronary 

atherosclerosis (e.g. CAD) often portends a poor prognosis in patients with HF compared to 

patients with a “so-called” non-ischemic cardiomyopathy-related HF syndrome.9 This poor 

prognosis link with obstructive CAD has been documented by data from several cohorts 

enrolled in HF clinical trials. Patients with an LVEF ≤35% enrolled in the Studies of Left 

Ventricular Dysfunction Treatment (SOLVD) trial with prior MI had a two-fold higher 

hospitalization rate for decompensated HF and four-fold higher mortality rate versus patients 

without a prior MI.18 We also observed that these SOLVD patients with severe LV systolic 

dysfunction had increased risk for recurrent acute coronary syndromes (ACS) that was 

modified by enalapril, suggesting that activation of the renin–angiotensin converting enzyme 

(ACE) system was involved.19 These findings were confirmed by the Survival and 

Ventricular Enlargement (SAVE) trial, which found a 70% increase in risk of cardiovascular-

related death and/or LV enlargement in patients with LV systolic dysfunction due to prior MI 

versus those without prior MI.18, 20 Again, in SAVE these adverse outcomes were modified 

by ACE inhibition with captopril. Data from several other studies have confirmed that HF on 

a background of CAD is associated with poor outcomes over follow up.21, 22 Others have 

also emphasized the critical importance of early heightened inflammation as a predictor of 

HF and mortality suggesting a potential target for future trials of medical therapy to prevent 

HF in post-MI patients.23

Pathophysiologic interplay between ischemia and HF

The transition between presence of myocardial ischemia and development of HF is often an 

abrupt plaque-related event (e.g. erosion or rupture) resulting in thrombotic occlusion of an 
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epicardial coronary artery. Clinically, these patients usually present with an ACS, that may 

be divided into those with or without ST-segment elevation on the electrocardiogram, and 

then further subdivided into those with or without evidence of myocardial necrosis based on 

cardiac troponin efflux (e.g., MI) (Figure 1). Following a MI, the amount of myocardium 

infarcted, the territory of the infarcted segment, the development of mitral regurgitation, and 

the presence of certain tachyarrhythmias contribute to the development of clinical HF. In the 

setting of acute ischemia, there is loss of functioning cardiomyocytes resulting in myocardial 

stunning and myocardial necrosis, with subsequent myocardial inflammation, hypertrophy, 

and fibrosis. These changes activate the neurohormonal cascade that results in adverse LV 

remodeling, thereby ensuing dilation and dysfunction that often also includes the non-

infarcted myocardium.24 LV remodeling, dilation, and ischemic mitral regurgitation together 

act as a substrate for HF development. In the absence of ACS and an acute ischemic event, 

the integrity of myocardial tissue can be compromised by the deleterious effects of chronic 

ischemia.25, 26 A subset of patients might develop objective evidence of myocardial 

ischemia, such as electrocardiographic changes, in the absence of chest discomfort or an 

angina equivalent symptom (i.e., silent myocardial ischemia). This silent myocardial 

ischemia syndrome is more often seen in patients with hypertension, diabetes, denervation 

after heart transplant, or those who have a history of known obstructive CAD. In an analysis 

from the Atherosclerosis Risk In Communities of ~9,000 subjects free of CVD at baseline, 

silent myocardial ischemia (defined as electrocardiographic evidence for MI without clinical 

MI after the baseline visit) was associated with the development of subsequent HF over 13 

years (median follow-up) even with adjustment for demographic and risk factors of HF.27 

These findings were consistent in subgroups stratified by HF risk predictors, also HF risk 

associated with silent myocardial ischemia was stronger among the younger (<53 years old) 

patients vs older patients.

For HFrEF, key therapeutic targets are obstructive epicardial CAD and, to a lesser extent, 

coronary microvascular dysfunction in the damaged and remote myocardium, as well as the 

extent of necrotic and ischemic myocardium. These conditions contribute to worsening of 

endothelial dysfunction, atheroma formation, and progression to acute plaque-related events 

(erosion or rupture) resulting in abrupt epicardial vessel occlusion leading to cardiomyocyte 

injury and necrosis. Prompt percutaneous intervention is highly successful in restoring 

perfusion with subsequent recovery of damaged cardiomyocytes. When reperfusion is either 

delayed or ineffective (e.g. no-reflow phenomena), recovery of damaged cardiomyocytes is 

limited or incomplete leading to myocardial fibrosis with adverse ventricular remodeling, 

and in some cases aneurysm formation or, less frequently, rupture.28 These conditions, along 

with continuing ischemic injury in some cases, contribute to HFrEF and are targets for 

therapy.

In contrast to HFrEF where LV dilation occurs due to myocardial scarring, the 

pathophysiological mechanisms for development of HFpEF secondary to ischemia are 

different and more complex. On a background of heightened systemic inflammation, 

creating vulnerable myocardium and its microvasculature, the ability to augment blood flow 

during periods of increased demand becomes limited resulting in patchy areas of ischemia. 

During periods of cardiomyocyte ischemia, passive stiffness of myocardial fibers increases, 

which results in impaired myocardial relaxation and subsequent elevations in LV filling 
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pressures.29 This further limits myocardial blood flow, increasing ischemia, and leads to 

pulmonary congestion and shortness of breath, the hallmark symptom of HF. Thus, the HF 

syndrome occurs even in the setting of reasonably preserved LV systolic function (e.g. 

ejection fraction, EF ≥50%).

Traditionally, HFpEF had been thought to occur secondary to myocardial overload due to 

long standing hypertension30 or aortic stenosis; however, considerable recent evidence 

indicates that microvascular dysfunction involving the smaller coronary vessels in non-

infarcted regions contributes to continuing and/or recurring ischemia.31 Endothelial 

dysfunction increases vascular stiffness and resistance, and decreases tissue perfusion, 

leading to multi-organ dysfunction (e.g. renal, skeletal muscle, pulmonary vasculature) and 

an increase in cardiac afterload. The latter may be provoked by activities occurring during 

daily life such as mental stress. This HF syndrome is highly prevalent among older women 

and Black patients, and the presence of multiple comorbidities (e.g. diabetes, obesity, 

inactivity, chronic kidney disease, chronic obstructive pulmonary disease, etc.) with 

heightened systemic inflammation is the rule. This inflammation results in down-regulation 

of eNOS expression, uncoupling of eNOS, increased production of reactive oxygen species, 

and reduction in NO with generalized endothelial dysfunction. Ultimately, a prolonged state 

of attenuated NO activity and endothelial dysfunction serves to further propagate HF 

progression.32, 33 Additionally, inflammation with periarteriolar fibrosis contribute to further 

limiting microvascular function augmenting ischemia and diastolic dysfunction in the 

absence of obstructive epicardial coronary stenoses.

Interleukin-33 (IL-33) inhibits myocardial fibrosis in the pressure overloaded LV by acting 

via its receptor, ST2 (encoded by the gene, Il1rl1).34 It is unclear if this cytokine also 

modulates periarteriolar fibrosis. Thus, loss of ST2 signaling rather than changes in IL-33 

expression may contribute to periarteriolar fibrosis during aging or pressure overload, but 

manipulating this pathway alone may not prevent or reverse fibrosis. In a study of ~1,200 

patients with positron emission tomography (PET) myocardial perfusion imaging, those with 

impaired coronary flow reserve had a higher incidence of cardiac events, driven mainly by 

HF hospitalizations.35 In another PET study of ~200 patients, impaired coronary flow 

reserve was independently associated with diastolic dysfunction at a median of 4.1 years.36

In summary, with HFpEF extracardiac comorbidities such as aging, metabolic risk, systemic 

hypertension, obesity, loss of female sex hormones, renal insufficiency, etc. lead to 

continuing LV dysfunction and remodeling through systemic inflammation with coronary 

endothelial and vascular smooth muscle dysfunction. These processes result in LV diastolic 

dysfunction through macrophage infiltration, leading to interstitial fibrosis. With altered 

paracrine signaling of cardiomyocytes, they become hypertrophied and stiff related to 

reduced nitric oxide and cyclic guanosine monophosphate. Other organs are affected (lungs, 

skeletal muscle, kidneys, etc.) resulting in pulmonary hypertension, skeletal muscle 

weakness or sarcopenia, with sodium and fluid retention.37
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Management of patients with CAD and ischemic cardiomyopathy (HFrEF)

The development and progression of cardiomyopathy and subsequent HFrEF in setting of 

prior MI or known CAD presents clinicians with multiple management tasks. These areas 

require optimized management of comorbid conditions and pharmacological therapies to 

improve survival and symptom control (Figure 2).

Over the past three decades, several landmark clinical trials (Table 1) have provided robust 

evidence regarding benefit with the use of pharmacological therapies in patients with HFrEF 

which have been endorsed by the current ACC/AHA/HFSA guidelines (Table 2). Notably, 

this benefit is observed with long-term adherence to these medical therapies. While data 

from the TRED-HF has demonstrated that withdrawal of these therapies in patients with 

dilated cardiomyopathy and recovered EF results in relapse of cardiomyopathy38, it remains 

unknown whether a similar relationship between medication withdrawal and relapse of EF in 

patients with recovered ischemic cardiomyopathy exists. Further, there is robust evidence 

confirming the mortality benefit of primary prevention implantable defibrillators in HFrEF 

patients with ischemic cardiomyopathy receiving guideline directed therapy13, 39, 40, as well 

as cardiac resynchronization therapy for select patients with ischemic cardiomyopathy41, 

and LV assist devices (LVADs) in patients with refractory HFrEF despite optimal medical 

and device therapies as a bridge to transplant or destination therapy.42 Most recently, the 

LVAD MPC-II trial documented that intramyocardial injection of allogenic mesenchymal 

progenitor cells in patients receiving an LVAD improved temporary weaning in IHD patients 

with HFrEF. Perhaps more important was the observation of a significantly lower risk of 

gastrointestinal bleeding43, offering a potential therapeutic option for these patients in the 

future.

Medical therapies for mortality reduction

Beta-adrenergic blocking agents—Beta-blocker therapy has been shown to provide 

survival benefit in patients with HFrEF secondary to ischemic or non-ischemic 

cardiomyopathy.44–46 The majority of trials showing benefit of beta blocker therapy 

excluded patients with prior MI or recent PCI. In a multicenter, randomized, placebo-

controlled trial of ~2,000 patients with prior MI and EF ≤40%47, beta-blocker therapy 

resulted in reduction of all-cause and cardiovascular mortality, as well as recurrent, non-fatal 

MI. These were incremental benefits in addition to those of therapy with statins and ACE 

inhibition. Another randomized, placebo-controlled trial analyzed the effects of beta-blocker 

therapy in patients with ischemic cardiomyopathy.48 At 19 months mean follow-up, beta-

blocker therapy was associated with improved EF and LV dimensions, with reductions in 

death and hospital readmissions. A prespecified subgroup analysis of the Metoprolol CR/XL 

Randomized Intervention Trial in Congestive HF (MERIT-HF) showed similar findings in 

patients with EF ≤40% and those with a history of hospitalization for MI.49 On background 

of aspirin, statins, ACE inhibitors (ACEIs), and revascularization, beta-blocker therapy was 

associated with reduction in mortality and morbidity. Use of beta-blocker therapy for 

reduction in mortality in patients with remote history of MI or ACS and HFrEF has a Class 

I, Level of Evidence A recommendation by ACC/AHA and ESC guidelines for HF 

management.50, 51 An important consideration is that the doses of these agents tolerated by 
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HF patients are often limited by lower blood pressures, and only a few reach doses that 

would produce beta blockade in the true pharmacologic sense.

ACEIs and angiotensin receptor blocking agents—Symptomatic improvement and 

mortality benefit with ACE-inhibition has been documented in trials dating to the 1980s, 

however these trials did not exclusively enroll patients with ischemic cardiomyopathy.52, 53 

Post-MI patients with LVEF <35% were evaluated in the Trandolapril Cardiac Evaluation 

(TRACE)54, which randomized patients to trandolapril or placebo. The trial showed that 

long-term use of ACE-inhibition in patients with reduced LV function post MI reduced risk 

of overall mortality, mortality from cardiovascular causes, sudden death, and HF 

development. Similar findings were shown in the SAVE trial with a 22% relative risk 

reduction in HF hospitalization and 25% reduction in recurrent MI with captopril.20 Patients 

randomized to ramipril in the Acute Infarction Ramipril Efficacy (AIRE) study experienced 

a 27% reduction in mortality compared with those randomized to placebo.55 Although 

SAVE and AIRE enrolled post-MI patients with LV systolic dysfunction, the key difference 

was presence of clinical HF in patients enrolled in AIRE while patients in SAVE were 

asymptomatic from a HF standpoint. Nonetheless, the results from these randomized trials 

make it clearly evident that patients with CAD or post-MI and with ischemic 

cardiomyopathy receive benefit from ACE-inhibition. The ACC/AHA and ESC guidelines 

endorse the use of ACEIs in setting of history of MI or ACS with reduced LVEF, a Class I 

Level of Evidence A recommendation.50, 51

An alternative approach to block the renin-angiotensin system is through AT1 receptor 

angiotensin receptor blockers (ARBs). Clearly these agents work at a final common 

pathway, blocking angiotensin-II effects. The OPTIMAAL trial56 randomized ~5,000 

patients with acute MI and HFrEF to either losartan or captopril. At a mean follow up of 2.7 

years, there was a non-significant difference in all-cause mortality. The Valsartan in Acute 

Myocardial Infarction (VALIANT) Trial57 randomized ~15,000 post-MI patients, with either 

clinical evidence of HF and/or ischemic cardiomyopathy (EF ≤40%), to either captopril, 

valsartan, or combination valsartan and captopril. Although results showed an increased 

incidence of adverse events in the combination group, there were no significant mortality 

differences comparing captopril alone with valsartan alone. Thus, both trials support a 

strategy targeting angiotensin receptor blockade in post-MI patients with HFrEF. The HF 

guidelines recommend use of ARB therapy in patients with MI or ACS and subsequent 

ischemic cardiomyopathy or HFrEF, who are intolerant to ACEIs for reduction in morbidity 

and mortality.50, 51

Mineralocorticoid receptor antagonists—Evidence supports use of mineralocorticoid 

receptor antagonism in patients with New York Heart Association (NYHA) class II-IV 

HFrEF to reduce morbidity and mortality58–60, including the subset of patients with 

ischemic cardiomyopathy. The Eplerenone Post-Acute Myocardial Infarction Heart Failure 

Efficacy and Survival Study (EPHESUS) randomized ~6,000 patients with HFrEF to 

eplerenone or placebo.61 At 16 months, eplerenone was associated with a 15% reduction in 

all-cause mortality.
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The 35 percent reduction in the risk of hospitalization for worsening heart failure may be 

attributable to the ability of spironolactone to reduce myocardial and vascular fibrosis. 

Blockade of aldosterone receptors by spironolactone, in addition to standard HF therapy, 

should be considered for the treatment of patients with severe HF. To gain insight on the 

benefit of mineralocorticoid receptor antagonism early after MI and development of HF 

symptoms, EPHESUS evaluated outcomes at 30-days follow-up.62 When eplerenone was 

initiated about 1-week post-MI in patients with HFrEF, there was reduction in 30-day all-

cause mortality. These data have been extrapolated for use of other mineralocorticoid 

receptor antagonists such as spironolactone given similar efficacy of both agents.63 In 

patients with HFrEF due to ischemic cardiomyopathy, use of spironolactone has been 

associated with reversal of negative cardiac remodeling64, as well as decreased ventricular 

arrhythmias65, thereby reducing morbidity risk. Reduction in mortality and morbidity with 

spironolactone was also seen in a large, randomized placebo-control trial where the majority 

of the patients had HFrEF secondary to ischemic cardiomyopathy.58 The HF guidelines give 

a Class I, Level of Evidence A recommendation for use of mineralocorticoid receptor 

antagonists in patients with LVEF ≤35% and NYHA class II-IV HF, unless otherwise 

contraindicated.50, 51

Angiotensin receptor/neprilysin inhibitors—Angiotensin receptor/neprilysin 

inhibitors (ARNI) consist of an ARB and neprilysin inhibitor. Neprilysin contributes to the 

degradation of the biologically active natriuretic peptides and several other vasoactive 

compounds, including bradykinin. With inhibition of neprilysin, circulating levels of these 

compounds rise which counteract increased atrial and ventricular pressures occurring with 

HF, thereby decreasing preload and afterload and augmenting natriuresis.66 The 

PARADIGM-HF trial67 evaluated ARNI versus enalapril in HFrEF patients, and was 

terminated early due to a 21% reduction in cardiovascular mortality and HF hospitalizations 

in patients randomized to valsartan/sacubitril. Both the ACC/AHA and ESC guidelines 

recommend replacing ACEI with ARNI when possible.50, 51 More recently, the PIONEER-

HF trial showed that initiation of ARNI in patients with HFrEF and acutely decompensated 

HF led to a greater reduction in NT-proBNP concentration and was not associated with a 

higher risk of side effects such as renal dysfunction and hypotension compared with 

enalapril.68 Although ARNI have shown mortality benefit in HFrEF patients, there is 

currently a lack of data regarding efficacy of these agents in post-MI patients, patients with 

prior MI or known CAD, and patients specifically with ischemic cardiomyopathy. However, 

it is important to note that almost 60% of patients enrolled in both arms of PARADIGM-HF 

had HFrEF secondary to ischemic cardiomyopathy. The benefit of ARNI during post-MI 

period has been suggested in animal studies69, while a large prospective clinical trial in post-

MI patients with new LV systolic dysfunction is ongoing (PARADISE-MI; NCT02924727).

Medical therapies for symptom management

Diuretics—By inhibiting sodium reabsorption at various sites in renal tubules, diuretics 

result in increased urinary sodium excretion. This translates in decreased fluid retention in 

patients with HF, improved symptom management, and increased exercise tolerance.70 

Initiation of diuretic therapy is based on clinical signs of vascular congestion such as jugular 

venous distention, peripheral edema, or shortness of breath. Hence, diuretics are a mainstay 
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of symptom management in HF patients. Unless contraindicated, the use of diuretics in 

patients with HFrEF with evidence of fluid retention carries a class I, level of evidence C 

recommendation per current HF guidelines.6

Coronary revascularization—Revascularization in patients with HFrEF and flow-

limiting CAD has been the topic of multiple investigations. The Surgical Treatment for 

Ischemic HF (STICH) was a trial of ~1,200 patients, with LVEF ≤35% and CAD appropriate 

for surgical revascularization, randomized to either optimal medical therapy alone or 

coronary artery bypass grafting (CABG) in addition to optimal medical therapy.71 Compared 

with optimal medical therapy alone, addition of CABG resulted in improvement in 

cardiovascular mortality and HF hospitalizations over long-term follow-up. Data regarding 

PCI on a background of optimal medical therapy in patients with LVEF <35% are not as 

robust. However, pre-specified sub-group analysis of the Future Revascularization 

Evaluation in Patients with Diabetes Mellitus: Optimal Management of Multivessel Disease 

(FREEDOM) trial showed similar outcomes with PCI using drug-eluting stents versus 

CABG in patients with LVEF <40%.72 In accordance with these data, revascularization via 

surgical or percutaneous approach should be considered in patients with obstructive CAD 

and HFrEF, as it offers improved survival and quality of life.

If channel blockeade (Ivabradine)—One newer agent in the realm of HF 

pharmacological therapies is ivabradine, which acts on the funny (If) ion channels that play 

an important role in activity of myocardial pacemaker cells. The primary advantage of 

ivabradine over beta-blocker therapy is a lack of negative inotropism.73 The Ivabradine and 

Outcomes in Chronic HF (SHIFT) trial evaluated its efficacy in HF patients, majority were 

due to IHD.74 During the mean follow-up of 22.9 months, the results from this randomized, 

double-blind, placebo-controlled trial showed a significant reduction in cardiovascular death 

or HF hospitalization, and this was similar in those with IHD vs those without IHD. The 

mortality benefit was primarily related to reduction in resting heart rate. Then, the 

Ivabradine for patients with stable CAD and left-ventricular systolic dysfunction 

(BEAUTIFUL) trial randomized CAD patients with LV dysfunction (LVEF ≤40%) to either 

ivabradine or placebo.75 The primary outcome, cardiovascular death and hospitalization for 

HF or acute MI, was not improved, however, in the subgroup with baseline resting heart rate 

>70 beats per minute, ivabradine reduced hospitalization for fatal or non-fatal MI or 

coronary revascularization. A sub-analysis of SHIFT showed that in patients on no beta-

blocker therapy or <50% of target dose, addition of ivabradine resulted in reduced primary 

endpoint while in patients who were on >50% of target beta-blocker dose, addition of 

ivabradine only reduced HF hospitalization.76 This may explain, in part, the differences 

between findings from the SHIFT and BEAUTIFUL trials. Based on these data, the 2017 

ACC/AHA Update on HF guidelines have given ivabradine a IIa recommendation for 

patients with NYHA class II-III HFrEF to reduce HF hospitalizations, who are already 

receiving guideline-directed medical therapy for HF, including maximally tolerated beta-

blocker therapy, and a resting heart rate >70 beats per minute while in sinus rhythm.50
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Management of comorbid conditions

Antihypertensive therapy—Control of blood pressure remains a key component of HF 

and IHD/CAD management since hypertension is a highly prevalent, modifiable risk factor 

in the development and perpetuation of HF, as well as atherosclerosis progression. Current 

guidelines recommend (Class I, Level of Evidence C) titration of guideline-directed medical 

therapy to achieve systolic blood pressure <130 mmHg.50 No evidence from randomized 

trials is available to support superiority of one agent over the other. Hence it is recommended 

that a combination of beta-blockers, ACEIs, or ARB or ARNI, mineralocorticoid receptor 

antagonists, and diuretics be used as first-line antihypertensives in patients with HFrEF.77 

Given negative inotropic effects, avoidance of non-dihydropyridine calcium channel 

blockers is recommended in patients with LV dysfunction and HFrEF.

Antiplatelet and antithrombotic therapies—The role of antiplatelet agents is well 

established in patients with prior MI and HFrEF. The main role of antiplatelet agents here 

has been for secondary prevention of atherosclerotic vascular events. However, a paucity of 

data exists regarding whether use of antiplatelet agents result in improved outcomes from a 

HF standpoint. This lack of data is, in part, due to most of the randomized trials enrolling 

patients with concomitant use of anticoagulants and antiplatelet agents. An earlier analysis 

from the Studies of Left Ventricular Dysfunction Treatment (SOLVD) trial showed that 

although the use of antiplatelet agents (primarily aspirin) was associated with 19% reduction 

in mortality and HF readmissions, this difference was entirely attributed to randomization to 

the enalapril therapy.78

Apart from the well-known cardioembolic protective benefits of anticoagulation in patients 

with atrial dysrhythmias or LV mural thrombus, improvement in clinical outcomes with oral 

anticoagulant agents for patients in sinus rhythm and ischemic cardiomyopathy has been a 

topic of multiple investigations. The Warfarin/Aspirin Study in HF (WASH) Trial evaluated 

antithrombotic therapy in HF, of which ~60% had ischemic cardiomyopathy, randomized to 

placebo, warfarin, or 300 mg/day aspirin. At a mean follow-up of 27 months, there were no 

significant differences between the three arms in terms of death, nonfatal MI, or nonfatal 

stroke.79 This trial was followed by two other randomized trials that showed similar 

findings: anticoagulants such as warfarin in patients with sinus rhythm and HF due to 

ischemic cardiomyopathy did not improve cardiovascular outcomes compared with placebo 

or antiplatelet agents.80, 81 Lastly, the Warfarin and Aspirin in Patients with HF and Sinus 

Rhythm (WARCEF) trial also failed to show improvement in the first occurrence of death, 

ischemic stroke, or intracerebral hemorrhage with warfarin or aspirin.82 More recently, the 

COMMANDER HF trial, which randomized ~5,000 patients mostly with HFrEF due to 

CAD and sinus rhythm to low dose rivaroxaban (2.5 mg twice daily) versus placebo, showed 

that rivaroxaban was not associated with a lower rate of death, myocardial infarction, or 

stroke compared with placebo.83 However, a post-hoc analysis of this trial showed that low 

dose rivaroxaban might be associated with a lower risk of thromboembolic events, namely 

the composite of myocardial infarction or stroke.84 These findings are in line with the HF 

subgroups of the COMPASS and ATLAS ACS 2-TIMI 51 (the data regarding EF were not 

reported in both trials) which also suggested that low dose rivaroxaban might be of benefit.
85, 86 In light of these findings, routine antiplatelet agents or anticoagulants are not 
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recommended for improvement in ischemic cardiomyopathy or HF outcomes, but future 

studies are encouraged to identify the subset of ischemic cardiomyopathy patients that 

would potentially benefit from low dose anticoagulant therapy in light of the encouraging 

findings from these post-hoc analyses. Nevertheless, antiplatelet agents, specifically aspirin, 

are indicated in patients with CAD and HF for secondary prevention of ischemic events.

Lipid-lowering agents—The 3-hydroxy-3methylglutaryl-coenzyme A reductase 

inhibitors, or statins, are the cornerstone for primary and secondary prevention of 

atherosclerotic cardiovascular events such as MI and stroke.87–89 Although benefit in 

preventing adverse cardiovascular events is apparent, the earlier studies demonstrating this 

benefit did not extend to patients with HF. The incremental benefit of using statins in 

patients with HF has been evaluated by several trials since the 1990s. A subgroup analysis 

from the Scandinavian multicenter study showed that over a 5-year follow-up, simvastatin 

(compared with placebo) was associated with reduction in HF (8.3% vs. 10.3%, p < 0.015).
90 Data from retrospective analyses and observational studies continued to suggest a 

beneficial role of statins in HF patients.91 However, the Controlled Rosuvastatin 

Multinational Trial in HF (CORONA) compared rosuvastatin vs placebo in patients with 

ischemic cardiomyopathy and HFrEF.92 At 33 months (median follow up), rosuvastatin, 

compared with placebo, did not reduce the primary outcome, a composite of non-fatal MI, 

non-fatal stroke, and death from cardiovascular causes. The neutral effects of statin therapy 

in improving HF outcomes was again demonstrated the randomized, double-blind, placebo-

controlled trial—the GISSI-HF Trial.93 Since CORONA and GISSI-HF, several post-hoc 

analyses have evaluated the impact of statins in a subset of ischemic cardiomyopathy 

patients with elevated biomarkers, such as C-reactive-protein, reflecting heightened 

inflammatory characteristics that may receive benefit with statin therapy.94, 95 Although 

these post-hoc analyses from CORONA have suggested positive results, given the lack of 

confirmative data from randomized control trials, statin therapy for the sole purpose of 

improvement in ischemic HF outcomes is not currently recommended.

Management of other comorbid conditions—Obesity and associated insulin 

resistance have been associated with adverse outcomes in patients with HFrEF.96, 97 Optimal 

management of diabetes, obesity, and metabolic syndrome is key in improving clinical 

outcomes in patients with established HFrEF. Additionally, the guidelines also recommend 

management of iron deficiency anemia as well as sleep disorders in patients with NYHA 

class II-IV HF.50 Treatment with iron supplementation in patients with iron deficiency 

anemia has been shown to improve the functional capacity, quality of life, and might be 

associated with reduction in heart failure hospitalizations.98, 99 In addition, several small 

randomized trials have shown that compliance with continuous positive airway pressure in 

patients with obstructive sleep apnea and HF is recommended to improve daytime 

sleepiness, nocturnal oxygenation, and functional status in patients with HF100, 101 however; 

these trials failed to show an improvement on objective outcomes, similar to trials of 

continuous positive airway pressure in those without HF at baseline.102, 103 The hypothesis 

of the impact of continuous positive airway pressure on HF hospitalizations and mortality in 

patients with obstructive sleep and HF is being tested in an ongoing randomized trial 

(ADVENT-HF, NCT01128816).
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Medical Therapy for HFpEF

As discussed earlier, emerging evidence suggests that HFpEF is not only related to long-

standing hypertension but is associated with multiple comorbid conditions and 

microvascular dysfunction (which is highly prevalent in patients with non-obstructive CAD) 

secondary to a heightened systemic inflammatory state. Unfortunately, to date there has been 

no therapy proven to improve adverse outcomes in patients with HFpEF, unlike HFrEF. In 

this section, we will discuss the goals of therapy and potential pharmacological therapies in 

patients with HFpEF (Figure 3).

Symptom control

Similar to congestion relieve with diuretics in patients with HFrEF, diuretics are used to 

control the symptoms of congestion in patients with HFpEF, however; there is limited 

evidence to support the benefit of diuretics in these patients.

Management of concomitant comorbidities

Although the hypothesis that long standing hypertension is a predisposing factor for 

HFpEF33, excellent blood pressure control remains of utmost importance in these patients to 

achieve a blood pressure ≤130/80 mmHg77, but some observational analyses have cautioned 

against excessively lowering the systolic blood pressure to levels <120 mmHg.104 In 

addition, the presence of concomitant obstructive CAD in some patients with HFpEF has 

been linked with increased mortality, and revascularization of obstructive CAD has been 

shown to improve the outcomes.105 In these patients, treatment with antiplatelet therapy is 

recommended. Atrial fibrillation is highly prevalent with HFpEF (up to 40%), and has been 

linked to increased morbidity and mortality.106 Yet, the optimal management of atrial 

fibrillation in this setting remains unclear. An interesting knowledge gap, for example, is 

whether a rhythm control strategy in these patients might be superior to a rate control 

strategy.107 Long-term anticoagulation to reduce the risk of systemic thromboembolic 

complications is recommended similar to the general population. The ongoing OPTIMIZE-

HFPEF trial is testing the hypothesis whether management of concomitant comorbidities 

might improve clinical status in patients with HFpEF.108

Obesity is one of the most prevalent comorbidities among patients with HFpEF. 

Epidemiological studies have estimated that >80% of older patients with HFpEF are obese 

or overweight.109 Excess body weight plays an important role in the pathogenesis of HFpEF 

through expanding the plasma volume and systemic inflammation.110 Obese individuals are 

prone to enhanced renal tubular sodium reabsorption resulting in an expanded plasma 

volume.111 Adipocytes exert an inflammatory response by producing cytokines, which in 

turn contribute to microvascular dysfunction.112 Therefore, counseling patients about the 

importance of weight loss through calorie restriction, exercise and bariatric surgery is 

recommended. However, these options might not always be feasible in this population due to 

poor functional capacity and/or concomitant comorbidities.

Elgendy et al. Page 12

Circ Res. Author manuscript; available in PMC 2020 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pharmacological therapies of uncertain benefit

Beta-blockers—Despite the strong evidence that demonstrated the survival benefit of 

beta-blockers therapy in the HFrEF, most of which have CAD, studies in HFpEF patients 

have been less encouraging.113 In a patient-level meta-analysis of 11 randomized trials with 

14,262 patients with HF in sinus rhythm, beta-blocker therapy reduced the risk of all-cause 

and cardiovascular mortality over a median 1.3 years follow up in those with reduced or 

borderline ejection fraction (i.e., 40–49%), but not in those with ejection fraction ≥50%.114 

Although some observational data suggest that HFpEF patients with elevated heart rate (i.e., 

>70 bpm) might benefit from high doses of beta-blocker therapy115, this hypothesis has not 

been evaluated in randomized trials.

ACEIs/ARBs—Similar to beta-blocker therapy, several randomized trials have proven the 

survival benefit of ACEI/ARBs in patients with HFrEF, but the evidence for these therapies 

in HFpEF has been less convincing. In the I-PRESERVE trial of 4,128 patients with HFpEF, 

irebsartan failed to reduce cardiovascular death or hospitalization for a cardiovascular cause 

compared with placebo.116 These findings were consistent in CHARM-Preserved that 

showed no benefit for candesartan, compared with placebo, in reducing cardiovascular death 

or HF hospitalizations.117

A recent Cochrane Database report provides the most comprehensive evidence available for 

beta-blocker therapy and renin-angiotensin aldosterone system inhibition on morbidity and 

mortality in HFpEF.118. They included 37 randomized, parallel group trials, over 18,000 

adults with HFpEF, defined as LVEF >40%. Among 10 studies (3087 subjects) investigating 

beta-blocker therapy, the pooled analysis indicated reduction in cardiovascular mortality 

(15% beta-blocker therapy vs 19% control; RR 0.78; 95% CI 0.62 to 0.99; number needed to 

treat to benefit [NNTB] 25). However, quality of evidence was low with no effect on 

cardiovascular mortality when limited to studies with low risk of bias (RR 0.81; 95% CI 

0.50 to 1.29) and no effect on all-cause mortality, HF hospitalization or quality of life. For 

ACEI, 8 studies (2,061 subjects) were included with moderate overall quality of evidence. 

ACEI likely had little or no effect on cardiovascular mortality, all-cause mortality, HF 

hospitalization, or quality of life. ARB was assessed in 8 studies (8,755 subjects) with high 

overall quality of evidence suggesting that ARB had little or no effect on cardiovascular 

mortality, all-cause mortality, HF hospitalization, or quality of life but increased 

hyperkalemia (0.9% ARB vs 0.5% control; RR 1.88; 95% CI 1.07 to 3.33).

Available evidence for beta blockers, ACEIs, ARBs and ARNIs is limited and uncertainty 

exists whether these treatments have a role in HFpEF without an alternative indication (e.g. 

hypertension, chronic kidney disease, etc.). This comprehensive review highlights a 

persistent and critically important gap in available evidence.

Therapies to target microvascular dysfunction

As discussed previously, microvascular dysfunction due to the heightened systemic 

inflammatory state is an important pathophysiological component of HFpEF and has been 

considered a recent therapeutic target for investigations. For example, statin therapy is 

known to have an anti-inflammatory and anti-oxidant effect, however a subgroup analysis 
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from GISSI-HF demonstrated no benefit with rosuvastatin in patients with ejection fraction 

>40%.93 But previous studies results are inconsistent due to limited power with small 

sample sizes and/or lack of adjustment for known prognostic factors and differences in 

baseline characteristics between patients treated with and without statins. A recent meta-

analysis of prospective observational studies examining statins and mortality in HFpEF 

patients used propensity score analysis.119 Four studies with 5,536 patients (2,768 patients 

on statins; mean age, 65–77 years; male, 43–66%; CAD, 42–64%; hypertension, 61–82%; 

diabetes, 20–29%; follow-up duration, 12–36 months) were included. Pooled analysis found 

statin therapy was associated with reduced mortality (OR [95% CI] = 0.690 [0.493–0.965]; 

P=0.030). Future randomized trials in HFpEF are warranted to confirm this potential 

survival benefit of statins.

Another targeted pathway is interleukin-1 receptor blockade with anakinra (an IL-1 receptor 

blocker used for rheumatological disorders). In a randomized pilot trial of 28 patients with 

HFpEF, anakinra failed to improve exercise capacity at 12 weeks, but patients reported better 

quality of life.120 Similarly, the nitric oxide pathway, another mediator for vasodilation, was 

evaluated through use of isosorbide mononitrate in the NEAT-HFpEF trial, a double blind 

cross over trial of 110 patients with HFpEF. Isosorbide mononitrate failed to improve 

exercise capacity and quality of life compared with placebo.121 Collectively, these findings 

suggest that while microvascular dysfunction is an important component of the 

pathophysiology of HFpEF, it does not represent the unifying etiology, and HFpEF is likely 

to be a multifactorial condition.

Pharmacological therapies of potential benefit

Sodium-glucose cotransporter-2 inhibitors—Evolving evidence demonstrates that 

sodium-glucose cotransporter-2 (SGLT-2) inhibitors reduce the risk of HF hospitalizations 

among subjects with type 2 diabetes and at high risk for cardiovascular events.122, 123 This 

benefit was observed irrespective of whether the patients were considered at low or high risk 

for HF.124 In these trials, data regarding the EF were not reported, but it is reasonable to 

consider that this was related to HFpEF since most patients did not have cardiovascular 

disease at baseline. This beneficial effect in reducing the risk of HF hospitalizations has been 

attributed to the osmotic diuretic effect that this class of medications exerts through 

inhibition of glucose reabsorption in the proximal renal tubules, and hence reduction of the 

plasma volume.125, 126 An ongoing trial (EMPEROR-Preserved, NCT03057951) is 

evaluating the impact of empagliflozin on the composite of cardiac mortality or HF 

hospitalizations in patients with HFpEF without type 2 diabetes, whereas another trial, 

PRESERVED-HF NCT03030235, is evaluating the impact of another SGLT-2, 

dapagliflozin, on NP levels. It would be of interest to learn the impact of these agents on the 

symptoms of congestion in patients with HFpEF.

Mineralocorticoid receptor antagonists—Encouraged by strong evidence supporting 

mineralocorticoid receptor antagonists and benefit of reducing plasma volume in patients 

with HFrEF, spironolactone was evaluated in patients with HFpEF in the Treatment of 

Preserved Cardiac Function HF with an Aldosterone Antagonist (TOPCAT), a placebo-

controlled trial of 3,445 patients.127 The main trial showed a non-significant reduction in 
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cardiovascular mortality, aborted cardiac arrest, and HF hospitalizations, but the risk of HF 

hospitalizations was reduced with spironolactone. Interestingly, on further investigation it 

appears that patients enrolled from Russia and Georgia were unlikely to have HF at entry, 

and there were also concerns that patients from these countries likely did not take study 

medication.128 Some argue that TOPCAT could have been a positive trial in terms of the 

primary endpoint if these patients who did not have HF at baseline were not enrolled. In the 

recent Cochrane analysis evaluating the different therapies for HFpEF118, 12 studies (4,408 

subjects) investigated mineralocorticoid receptor antagonists. The mineralocorticoid receptor 

antagonists reduced HF hospitalization (11% mineralocorticoid receptor antagonists vs 14% 

control; RR 0.82; 95% CI 0.69 to 0.98; NNTB 41; moderate-quality evidence), but had 

limited or no effect on all-cause and cardiovascular mortality and quality of life measures 

with higher hyperkalemia risk (16% mineralocorticoid receptor antagonists vs 8% control; 

RR 2.11; 95% CI 1.77 to 2.51). Taken these findings collectively, the ACC/AHA guidelines 

recommend spironolactone in patients with refractory HFpEF.50 An ongoing trial (SPIRRIT, 

NCT02901184) will enroll 3,335 patients with HFpEF to test the hypothesis that 

spironolactone reduces risk of all-cause mortality.

Neprilysin Inhibitors—As mentioned earlier, neprilysin inhibitors prevent breakdown of 

several vasoactive NPs that have an anti-inflammatory role and exert a lipolytic effect.129 

Neprilysin inhibitors also act by lowering aldosterone levels and blocking its action.130 

These beneficial effects would theoretically reduce plasma volume and improve 

microvascular function in patients with HFpEF. ARNI (sacubitril/valsartan) has shown 

encouraging results in a phase II randomized trial of 149 patients with HFpEF by reducing 

circulating N-terminal pro-brain NPs.131 Whether this benefit could be translated into 

reduction in cardiac mortality or HF hospitalizations is eagerly awaited when PARAGON-

HF is completed.132 In addition, data from the ongoing PARALLAX trial, NCT03066804, 

will provide important details on the impact of ARNI on quality of life in patients with 

HFpEF.

Phosphodiestrase-5 inhibitors—Phosphodiestrase-5 inhibitors, in particular sildenafil, 

are widely used in the management of pulmonary hypertension133 and have been an area of 

investigations in patients with HFpEF, as these agents would hypothetically improve right-

ventricular function. In one small randomized trial of HFpEF patients with pulmonary 

hypertension, sildenafil improved pulmonary pressure and LV diastolic dysfunction.134 By 

contrast, a large multicenter, double-masked, randomized trial (RELAX) of 216 patients 

failed to improve exercise capacity or clinical status with sildenafil in patients with HFpEF.
135 However, it is important to note that pulmonary hypertension was not confirmed in 

patients enrolled in the RELAX trial, which might have contributed to the lack of benefit 

from sildenafil in that trial. Studies have demonstrated patients with HFpEF and pulmonary 

hypertension might not only develop isolated post-capillary pulmonary hypertension. In a 

subset of patients that developed combined pre- and post-capillary pulmonary hypertension, 

in one prospective registry, sildenafil was shown to improve symptoms and exercise 

capacity.136 An ongoing trial is evaluating this hypothesis in a randomized fashion 

(PASSION trial, German Registry for Clinical Studies DRKS00014595).
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Summary

HF remains a leading cause of mortality and morbidity worldwide, and the prevalence of the 

condition continues to rise as our population ages and deaths due to MI continue to decrease, 

with HFpEF becoming the predominant type. IHD is a prevalent factor for both HFrEF and 

HFpEF. For therapy with either HFrEF or HFpEF, some individual steps in signaling 

cascades can be targeted by specific interventions: atherosclerosis risk by diet, physical 

activity, smoking cessation, and lipid lowering, systemic hypertension by blood pressure 

reduction, metabolic risk by caloric restriction, systemic inflammation by statins, pulmonary 

hypertension by phosphodiesterase-5 inhibitors, muscle weakness by exercise training, 

sodium and fluid retention by diuretics and monitoring devices, myocardial nitric oxide 

bioavailability by inorganic nitrate-nitrite, myocardial cyclic guanosine monophosphate 

content by neprilysin or phosphodiesterase-9 inhibition, and myocardial fibrosis by 

aldosterone inhibition. Because of the heterogeneity in both HF syndromes, personalized 

therapeutic strategies are proposed. Multiple established pharmacological therapies with 

proven survival benefit are available in patients with HFrEF as beta-blockers, ACEIs/ARBs, 

ARNI, and mineralocorticoid receptor antagonists. The evidence for therapies in HFpEF 

remains less convincing largely due to knowledge gaps in understanding the underlying 

mechanisms for this condition. Growing evidence suggests that HFpEF is a multifactorial 

condition with coronary microvascular dysfunction secondary to systemic inflammation, 

obesity, inactivity, and plasma volume expansion as potential underlying culprits. Similar to 

HFrEF management, comorbidities and risk factors such as blood pressure and weight 

control are key. Some therapies appear to have an emerging role in the management of 

HFpEF, such as SLGT-2 inhibitors, mineralocorticoid receptor antagonists, and ARNI. 

Ongoing trials (Table 3) will help to clarify the role of these pharmacological therapies in 

patients with HFpEF. The role for statins in HFpEF needs further evaluation.
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Non-standard Abbreviations and Acronyms

ACE angiotensin-converting enzyme

ACEI ACE inhibitor
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ACS acute coronary syndrome

ADVENT-HF Effect of Adaptive Servo Ventilation (ASV) on Survival 

and Hospital Admissions in Heart Failure

AIRE Acute Infarction Ramipril Efficacy

ARB angiotensin receptor blocker

ARNI angiotensin receptor/neprilysin inhibitors

ATLAS ACS-2, TIMI 51 Trial of Rivaroxaban in Patients with Recent Acute 

Coronary Syndrome

BEAUTIFUL Ivabradine for Patients with Stable Coronary Artery 

Disease and Left-Ventricular Systolic Dysfunction trial

CABG coronary artery bypass grafting

CAD coronary artery disease

COMMANDER HF A Study to Assess the Effectiveness and Safety of 

Rivaroxaban in Reducing the Risk of Death, Myocardial 

Infarction, or Stroke in Participants with Heart Failure and 

Coronary Artery Disease Following an Episode of 

Decompensated Heart Failure

COMPASS HF Chronicle Offers Management to Patients with Advanced 

Signs and Symptoms of Heart Failure

CORONA Controlled Rosuvastatin Multinational Trial in HF

EF ejection fraction

EMPEROR-Preserved Empagliflozin Outcome Trial in Patients with Chronic 

Heart Failure with Preserved Ejection Fraction

EPHESUS Eplerenone Post-Acute Myocardial Infarction Heart Failure 

Efficacy and Survival Study

FHS Framingham Heart Study

FREEDOM Future Revascularization Evaluation in Patients with 

Diabetes Mellitus: Optimal Management of Multivessel 

Disease

GISSI-HF Effect of Rosuvastatin in Patients with Chronic Heart 

Failure trial

HF heart failure

HFpEF heart failure with preserved ejection fraction

HFrEF heart failure with reduced ejection fraction
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I PRESERVE Irbesartan in Patients with Heart Failure and Preserved 

Ejection Fraction trial

IHD ischemic heart disease

IL-33 interleukin-33

LV left ventricular

LVAD left ventricular assist device

MI myocardial infarction

NYHA New York Heart Association

OCS Olmstead County Study

OPTIMAAL Optimal Trial in Myocardial Infarction with Angiotensin II 

Antagonist Losartan

OPTIMIZE-HFPEF Optimizing the Management of Heart Failure With 

Preserved Ejection Fraction in the Elderly by Targeting 

Comorbidities trial

PARADIGM-HF Prospective Comparison of ARNI With ACEI to Determine 

Impact on Global Mortality and Morbidity in Heart Failure

PARADISE-MI Prospective ARNI vs ACE Inhibitor Trial to Determine 

Superiority in Reducing Heart Failure Events After MI

PARAGON-HF Efficacy and Safety of LCZ696 Compared to Valsartan, on 

Morbidity and Mortality in Heart Failure Patients with 

Preserved Ejection Fraction

PARALLAX A Randomized, Double-blind Controlled Study Comparing 

LCZ696 to Medical Therapy for Comorbidities in HFpEF 

Patients

PASSION Paclitaxel Eluting Stent Versus Conventional Stent in ST-

segment Elevation Myocardial Infarction

PET positron emission tomography

PIONEER-HF Comparison of Sacubitril/Valsartan versus Enalapril on 

Effect on nt-pRo-bnp in Patients Stabilized from an Acute 

Heart Failure Episode

PRESERVED-HF Dapagliflozin in PRESERVED Ejection Fraction Heart 

Failure

RELAX Effect of Phosphodiesterase-5 Inhibition on Exercise 

Capacity and Clinical Status in Heart Failure with 

Preserved Ejection Fraction trial
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SAVE Survival and Ventricular Enlargement trial

SHIFT Systolic Heart failure treatment with the I(f) inhibitor 

ivabradine Trial

SOLVD Studies of Left Ventricular Dysfunction Treatment trial

SPIRRIT Spironolactone Initiation Registry Randomized 

Interventional Trial in Heart Failure with Preserved 

Ejection Fraction

STICH Surgical Treatment for Ischemic HF trial

TOPCAT Treatment of Preserved Cardiac Function HF with an 

Aldosterone Antagonist

TRACE Trandolapril Cardiac Evaluation

VALIANT Valsartan in Acute Myocardial Infarction

WARCEF Warfarin and Aspirin in Patients with HF and Sinus 

Rhythm

WASH Warfarin/Aspirin Study in HF
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Figure 1: 
Schematic diagram of progression of coronary artery disease to heart failure.
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Figure 2: 
Goals of Treatment in heart failure with reduced ejection fraction (HFrEF). 

ACE=angiotensin converting enzyme; ARB= angiotensin receptor blockers

Elgendy et al. Page 31

Circ Res. Author manuscript; available in PMC 2020 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: 
Goals of Treatment in heart failure with preserved ejection fraction (HFpEF) BP= blood 

pressure; CAD= coronary artery disease; PDE-5 inhibitors= phosphodiestrase-5 inhibitors; 

SLGT-2 inhibitors= Sodium-glucose cotransporter-2 inhibitors
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