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Abstract

:

Heart failure (HF) is a complex clinical syndrome involving structural and/or functional abnormalities of the heart. Heart failure is often classified based on left ventricular ejection fraction, which serves as a predictor of mortality. The majority of the data supporting disease-modifying pharmacological therapies are from patients with reduced ejection fraction (less than 40%). However, with the recent results from the sodium glucose cotransporter-2 inhibitor trials, there is renewed interest in identifying potential beneficial pharmacological therapies. This review focuses on and includes pharmacological HF therapies across the spectrum of ejection fraction, providing an overview of the novel trials. We also examined the effects of the treatments on mortality, hospitalization, functional status, and biomarker levels to further investigate the interplay between ejection fraction and HF.
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1. Introduction


Heart failure (HF) is a complex heterogeneous clinical syndrome that includes symptoms and signs as a result of structural changes or functional impairment of ventricular filling [1]. Left ventricular ejection fraction (LVEF) is a common classification framework of HF and is used as a clinical measure for the diagnosis. International societal guidelines for heart failure define heart failure with “reduced” ejection fraction (HFrEF) as less than 40%, “mid-range or borderline” (HFmEF) as 41–49% and “preserved” (HFpEF) as greater than 50% [2,3]. In terms of pharmacological management, high or maximally tolerated target doses of medication are derived from large randomized clinical trials in the HFrEF population. The majority of pharmacological therapies have not had the same magnitude of effect as EF increases.



This state-of-the art review focuses on heart failure management across the EF spectrum with a special focus on heart failure pharmacological therapies. It is intended to engage clinicians and researchers to discuss the latest evidence and challenge the dogmas of heart failure and its relationship with EF.




2. Materials and Methods


We reviewed 33 randomized controlled trials pertaining to foundational heart failure therapies from 1987 to 2022. We included angiotensin-converting enzyme inhibitors (ACEi), angiotensin receptor blockers (ARB), beta blockers (BB), mineralocorticoid receptor antagonists (MRA), ivabradine, angiotensin receptor—neprilysin inhibitors (ARNI), and sodium glucose cotransporter-2 inhibitors (SGLT2i). Data were extracted independently by two authors (J.C and E.C) through detailed review of the full texts.




3. Results


3.1. Angiotensin-Converting Enzyme Inhibitors in Heart Failure


Many years ago, heart failure treatment mainly consisted of diuretics and digoxin to alleviate symptoms [4]. Other pharmacotherapies were not well studied. The CONSENSUS [5], SOLVD 1991 [6], and SOLVD 1992 [7] placebo-controlled trials studied the effects of enalapril in patients with HFrEF or patients with asymptomatic reduced LVEF (Table 1). The CONSENSUS trial was the first trial to examine enalapril in patients with HFrEF. Patients were randomized to either enalapril or placebo. These foundational trials demonstrated the benefit of ACEi in reducing death in HFrEF patients. We identified one trial, PEP-CHF, that examined perindopril in an elderly HFpEF population likely caused by hypertension [8].




3.2. Angiotensin Receptor Blockers in Heart Failure


ACEi became the standard HFrEF therapy after the CONSENSUS and SOLVD trials. Subsequently ARB add-on therapy trials were commenced through the Val-HeFT trial that did not identify a survival benefit in HFrEF. We identified several trials in the HFrEF and HFpEF populations (Table 2). Trials were either head-to-head trials comparing ARB to ACEi, the addition of ARB to ACEi, or monotherapy ARB. We identified two HFpEF trials: CHARM-Preserved consisted of ischemic HF etiology, while I-Preserved included patients largely with hypertension.




3.3. Sacubitril-Valsartan in Heart Failure


Sacubitril-valsartan has been studied throughout the entire HF spectrum, including one trial in the HFpEF population (Table 3). The most common clinical outcomes studied include CV death and HHF. The benefits of sacubitril-valsartan on CV outcomes were derived from the PARADIGM-HF trial including HFrEF patients with NYHA class II to IV in comparison to enalapril [16]. The PARAGON-HF trial did not identify any meaningful differences between sacubitril-valsartan and valsartan in the mildly reduced and preserved EF patient population (p = 0.059) [17]. In terms of safety outcomes, the trials were consistent with identifying worse hypotension with sacubitril-valsartan compared to ACEi or ARB. However, there was either a similar or lower rate of worsening renal function and hyperkalemia with sacubitril-valsartan.




3.4. Beta Blockers in Heart Failure


Beta blockers are one of the cornerstone therapies for heart failure reduced ejection fraction; however, beta blocker usage in heart failure preserved ejection fraction was previously not well established. The landmark trials for beta blockers in heart failure with reduced ejection fraction are the MERIT-HF, CIBIS-II, COPERNICUS and US Carvediolol trials (Table 4). Beta blockers have been shown to reduce heart failure for hospitalization and CV mortality. In the HFpEF and HFmEF population, the data for beta blockers were derived from other landmark trials where beta blockers were prescribed concomitantly.




3.5. Mineralocorticoid Receptor Antagonists in Heart Failure


Trials utilizing MRA in the heart failure population have been used in preserved and reduced ejection fraction (Table 5). MRA provide significant benefit in HFrEF despite the differences in cut-offs between RALES, EPHESUS and EMPHASIS-HF. EPHESUS differed in that it primarily consisted of acute myocardial infarction patients who displayed HF symptoms on presentation. Of the four included trials, only TOPCAT included those with HFpEF [25]. TOPCAT did not demonstrate any significant reduction in the primary composite endpoint. However, its controversial enrollment led to subsequent post hoc analyses excluding geographic regions.




3.6. Ivabradine in Heart Failure


Ivabradine was trialed across HFrEF, HFpEF and HFmEF and demonstrated favorable benefits in the HFrEF population (Table 6). Of note, ivabradine inhibits the If current in the sinoatrial node and was specifically studied in patients with heart rates ≥70 beats per minute with normal sinus rhythm. Heart rate in HF has been identified as a risk factor associated with poor CV outcomes. At present, ivabradine is recommended as an additional therapy in addition to maximally tolerated beta blockers [3,28].




3.7. Sodium Glucose Cotransporter 2 Inhibitor in Heart Failure


Sodium Glucose Cotransporter 2 Inhibitors (SGLT2i) were originally used as glucose-lowering drugs. However, since the era of cardiovascular outcome trials, SGLT2i has been shown to confer additional cardiovascular benefits.



The DAPA-HF trial was the first SGLT2i heart failure trial that studied the effect of dapagliflozin in patients with heart failure with reduced ejection fraction (HFrEF) [31]. The dapagliflozin cohort had a lower occurrence of worsening heart failure or cardiovascular death. Both hospitalization for heart failure (HHF) and CV mortality were reduced by dapagliflozin regardless of diabetic status.



The EMPEROR-Reduced trial compared empagliflozin to placebo in HFrEF patients [32]. CV death or HHF was reduced by empagliflozin.



EMPEROR-Preserved was the first trial to study the role of SGLT2i heart failure with preserved ejection fraction (HFpEF) (ejection fraction above 40%) [33]. CV death or HHF were reduced by empagliflozin in both patients with or without diabetes.



The SOLOIST-WHF trial evaluated sotagliflozin, which is both a SGLT2 and sodium glucose cotransporter 1 (SGLT1) inhibitor in patients hospitalized for worsening heart failure, which interestingly included patients with heart failure symptoms [34]. Sotagliflozin reduced cardiovascular death and hospitalization. This trial demonstrated that SGLT2i therapy can be started safely and effectively in patients even after an episode of decompensation [35].



The DELIVER trial is the most inclusive SGLT2i heart failure trial. The trial included both hospitalized patients and outpatients with an ejection fraction of 40% or greater or an improved ejection fraction (previously EF < 40%) [36]. Dapagliflozin was shown to reduce the primary composite endpoint of cardiovascular death or worsening heart failure. Even more impressively, a pooled meta-analysis of the DAPA-HF and DELIVER trials found that dapagliflozin reduced the risk of cardiovascular death (HR, 0.86; 95% CI 0.76–0.97; p = 0.01), HHF (RR, 0.71; 95% CI 0.65–0.78; p < 0.001), and MACE (HR, 0.90; 95% CI 0.81–1.00; p = 0.045) across a whole range of left ventricular ejection fractions, from ejection fractions of 25% to 65% [37].



These impressive benefits irrespective of care setting and patient characteristics continue to strengthen the role of SGLT2i as a foundational heart failure therapy while challenging the relevance of ejection fraction in guiding therapy (Table 7).





4. Discussion


HF is a multifactorial disease with several drug therapies targeting the sympathetic and renin-angiotensin-aldosterone system. The majority of HF landmark trials have demonstrated a significant reduction in mortality or CV benefit in HFrEF. However, in HFpEF, only two landmark trials studying SGLT2i found a significant benefit with their primary outcome. The other pharmacological therapies were unable to replicate the same benefit in HFpEF. We reviewed the pharmacological HF landmark trials, summarizing the results and attempted to determine if EF truly matters.



4.1. Ejection Fraction as a Dichotomous Variable


The classification of HF using cutoffs can help guide clinicians and simplify the implementation of pharmacological therapies, especially in HFrEF (Figure 1). Treatment advocated by international societal guidelines of HFpEF primarily consists of symptom management and optimization of comorbid conditions with weak recommendations for MRA, ARB and ARNI to decrease hospitalizations. Candesartan (CHARM-Preserved), perindopril (PEP-CHF) and irbesartan (I-PRESERVE) were investigated in the HFpEF population, and this resulted in no significant differences in their respective primary composite endpoints [14,15]. TOPCAT was the largest study, with approximately 3500 patients, investigating spironolactone and HFpEF clinical outcomes [25]. It was unable to demonstrate significant benefits regarding death from CV causes, aborted cardiac arrest or HHF. These findings are similar to those from PARAGON-HF, which investigated sacubitril-valsartan [17]. Additionally, in the exploratory subgroup analyses of CHARM-Preserved, TOPCAT and PARAGON-HF, each trial identified a potential benefit in the primary outcome: LVEF 40–49% (0.76 [0.61–0.96]); LVEF < 50% (0.72 [0.50–1.05]); and LVEF < 57% (0.78 [0.64–0.95]), respectively [39,40,41].



LVEF and the relationship between CV outcomes is a well-known and prognostic indicator [42,43,44]. Utilizing patients from the CHARM program, which included 7599 patients with heart failure and a mean LVEF of 38.8%, investigators identified a reduction in EF below 45% was independently associated with fatal and non-fatal CV outcomes. The same relationship was not identified as EF increased >45% and the risk was lower than in HFrEF. This is consistent with other studies identifying lower mortality rates with higher LVEFs. Thus, the availability of an LVEF is crucial in identifying high-risk HF patients and preventing adverse outcomes through the initiation of guideline-directed medical therapy (GDMT).



NT-proBNP (amino-terminal pro-B-type natriuretic peptide) and B-type natriuretic peptide (BNP) are useful biomarkers supported by guidelines to aid in the diagnosis of HF and risk stratification in chronic HF [45]. Higher levels of NT-proBNP and BNP have been associated with adverse outcomes in HF [46]. These cardiac biomarkers have been hypothesized to guide titration of HF therapies, which led to the GUIDE-IT trial [47]. The results of the study do not support titrating GDMT using NT-proBNP to prevent HHF or CV death in comparison to routine HF care.



Despite the evidence from randomized controlled trials establishing cardiovascular benefit from various medical therapies in HFrEF, these agents are often under-utilized or under-dosed [48,49]. There has been a shift from the historical paradigm of sequential therapy to simultaneously initiating quadruple therapy in HF. Strategies to improve therapy utilization have included the development of rapid therapy initiation algorithms, HF risk models, specialized uptitration clinics and tailored electronic health records alerts [50,51]. The EF classification system supports prompt identification of patients who will benefit greatly from GDMT.




4.2. Ejection Fraction as a Continuous Variable


We have identified numerous medication classes that have been found to improve mortality and CV benefit in HFrEF; however, there are limited pharmacological therapies targeted for HFpEF. One plausible answer is related to the heterogeneity of the HFpEF population. This was demonstrated with the differences in the baseline characteristics and HF etiology in I-Preserve and CHARM-Preserved. Lam et al. described six potential mechanisms to serve as potential therapies in HFpEF [52]. International societal guidelines even differ in their definitions of HFpEF, which often include symptoms, EF cutoffs and varying criteria such as elevated natriuretic peptides and echocardiogram evidence. The landmark trials TOPCAT, EMPEROR-Preserved and PARAGON-HF all varied in terms of EF threshold, cardiac enzyme elevations and presence of structural heart disease. Further characterization of HFpEF in order to better understand its pathophysiology and contributing comorbidities is crucial. While pre-specified analyses included in the trials are often completed, their results generate hypotheses that require further investigation. This is consistent with the regional differences in clinical outcomes as identified in the TOPCAT trial given the potential significant benefit of spironolactone in the Americas [53]. Further characterization of HFpEF in order to better understand its pathophysiology and contributing comorbidities is warranted before additional trials for therapies are conducted.



One class of medications, SGLT2i, are considered first-line agents in HF regardless of diabetic status. The DELIVER and DAPA-HF trials demonstrated reduction in cardiovascular death, hospitalization for heart failure, and major adverse cardiovascular events across all left ventricular ejection fractions. EMPEROR-Preserved is the first randomized control trial to reach the primary endpoint of HFpEF. The influence of EF in the pre-specified subgroups 41–49%, 50–59% and ≥60% did not change the primary endpoint. The observed clinical benefit with empagliflozin and dapagliflozin in both HFrEF and HFpEF was found to start within 12 to 28 days [54]. In light of the ejection fraction classification via echocardiogram, newly diagnosed or suspected HF patients could qualify for early initiation of SGLT2i to maximize their early benefit. This early benefit has also been demonstrated in other trials such as COPERNICUS, SOLVD, PARADIGM-HF and EMPHASIS-HF within the first 30 days of randomization [55].



For patients with favorable recovery in cardiac function who are asymptomatic, the benefit of HF therapies is unknown. The TRED-HF trial randomized patients to either continue or withdraw their HF treatment [56]. The primary endpoint (relapse of dilated cardiomyopathy, reduction in left ventricular ejection fraction, increase in left ventricular end-diastolic volume, increase in NT-pro-BNP, or clinical evidence of heart failure) was reached in 44% of patients that discontinued treatment, while none in the continuation of treatment arm reached the primary endpoint (Kaplan-Meier estimate of event rate 45.7% (95% CI 28.5–67.2); p = 0.0001). Similarly, Moon et al. followed over 40 patients with dilated cardiomyopathy and a recovered EF [57]. Of those, seven discontinued therapy and five had worsened LVEF. The withdrawal of these agents may have detrimental effects on cardiac function and demonstrate the potential ongoing benefit of these therapies despite the EF classification.




4.3. Prompt Initiation of Quadruple Heart Failure Therapies


With the well-studied time-to-benefit profiles of quadruple heart failure therapies (beta blocker, ARNI, SGLT2i, MRA), benefits can be quickly seen from these disease-modifying therapies in HFrEF patients [58]. Broadly speaking, the benefits of decreased mortality and hospitalization can be quickly observed in a few weeks after initiation of therapy. As such, prompt initiation of HF quadruple therapy is lifesaving. Despite strategies to expedite HF therapy initiation such as GDMT, clinical inertia remains [59]. This inertia is attributed in part to the perceived increase in adverse effects from medication. However, disease state worsening, adverse effects and death are more likely to occur from delaying the initiation of therapy. Greene et al. propose simultaneous or rapid-sequence initiation of quadruple therapy on day 1 in both hospitalized patients and outpatients as life-saving therapies [58]. In addition, the STRONG-HF trial demonstrated patient concordance that intensive treatment and rapid up-titration of GDMT improved quality of life and reduced mortality, readmission and symptoms [60].





5. Conclusions


Ejection fraction remains a useful clinical tool to classify patients with HF and predict mortality [42]. As definitions continue to evolve away from “diastolic” and “systolic” HF, we suspect that HF is on a continuous spectrum given the heterogeneity of the condition. This has significantly contributed to the difficulty of designing pragmatic, randomized controlled trials to identify pharmacological agents across the EF spectrum. However, SGLT2i have demonstrated a significant clinical benefit in HFpEF and HFmEF and we suspect these agents will continue to be promising therapeutic options to all HF patients. In conclusion, therapeutic strategies, regardless of EF, should be individualized to each patient.







Author Contributions


Conceptualization, E.C., J.C.H.C. and M.C.; writing—original draft preparation, E.C. and J.C.H.C.; writing—review and editing, E.C., J.C.H.C. and M.C.; visualization, J.C.H.C.; supervision, M.C.; project administration, E.C. and J.C.H.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bozkurt, B.; Coats, A.J.S.; Tsutsui, H.; Abdelhamid, C.M.; Adamopoulos, S.; Albert, N.; Anker, S.D.; Atherton, J.; Böhm, M.; Butler, J.; et al. Universal Definition and Classification of Heart Failure: A Report of the Heart Failure Society of America, Heart Failure Association of the European Society of Cardiology, Japanese Heart Failure Society and Writing Committee of the Universal Definition of Heart Failure. Eur. J. Heart Fail. 2021, 23, 352–380. [Google Scholar] [CrossRef]

	



Berei, T. Universal Definition and Classification of Heart Failure; American College of Clinical Pharmacy: Lenexa, Kansas, 2022. [Google Scholar]

	



McDonald, M.; Virani, S.; Chan, M.; Ducharme, A.; Ezekowitz, J.A.; Giannetti, N.; Heckman, G.A.; Howlett, J.G.; Koshman, S.L.; Lepage, S.; et al. CCS/CHFS Heart Failure Guidelines Update: Defining a New Pharmacologic Standard of Care for Heart Failure with Reduced Ejection Fraction. Can. J. Cardiol. 2021, 37, 531–546. [Google Scholar] [CrossRef] [PubMed]

	



Hajar, R. Congestive Heart Failure: A History. Heart Views 2019, 20, 129–132. [Google Scholar] [CrossRef]

	



Consensus Trial Study Group. Effects of Enalapril on Mortality in Severe Congestive Heart Failure. Results of the Cooperative North Scandinavian Enalapril Survival Study (CONSENSUS). N. Engl. J. Med. 1987, 316, 1429–1435. [Google Scholar] [CrossRef]

	



Yusuf, S.; Pitt, B.; Davis, C.E.; Hood, W.B.; Cohn, J.N. 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. [Google Scholar] [CrossRef]

	



Yusuf, S.; Pitt, B.; Davis, C.E.; Hood, W.B.J.; Cohn, J.N. Effect of Enalapril on Mortality and the Development of Heart Failure in Asymptomatic Patients with Reduced Left Ventricular Ejection Fractions. N. Engl. J. Med. 1992, 327, 685–691. [Google Scholar] [CrossRef]

	



Cleland, J.G.F.; Tendera, M.; Adamus, J.; Freemantle, N.; Polonski, L.; Taylor, J.; on behalf of PEP-CHF Investigators. The Perindopril in Elderly People with Chronic Heart Failure (PEP-CHF) Study. Eur. Heart J. 2006, 27, 2338–2345. [Google Scholar] [CrossRef]

	



Pitt, B.; Segal, R.; Martinez, F.A.; Meurers, G.; Cowley, A.J.; Thomas, I.; Deedwania, P.C.; Ney, D.E.; Snavely, D.B.; Chang, P.I. Randomised Trial of Losartan versus Captopril in Patients over 65 with Heart Failure (Evaluation of Losartan in the Elderly Study, ELITE). Lancet 1997, 349, 747–752. [Google Scholar] [CrossRef]

	



Pitt, B.; Poole-Wilson, P.A.; Segal, R.; Martinez, F.A.; Dickstein, K.; Camm, A.J.; Konstam, M.A.; Riegger, G.; Klinger, G.H.; Neaton, J.; et al. Effect of Losartan Compared with Captopril on Mortality in Patients with Symptomatic Heart Failure: Randomised Trial--the Losartan Heart Failure Survival Study ELITE II. Lancet 2000, 355, 1582–1587. [Google Scholar] [CrossRef]

	



Cohn, J.N.; Tognoni, G. A Randomized Trial of the Angiotensin-Receptor Blocker Valsartan in Chronic Heart Failure. N. Engl. J. Med. 2001, 345, 1667–1675. [Google Scholar] [CrossRef]

	



Pfeffer, M.A.; Swedberg, K.; Granger, C.B.; Held, P.; McMurray, J.J.V.; Michelson, E.L.; Olofsson, B.; Ostergren, J.; Yusuf, S.; Pocock, S. Effects of Candesartan on Mortality and Morbidity in Patients with Chronic Heart Failure: The CHARM-Overall Programme. Lancet 2003, 362, 759–766. [Google Scholar] [CrossRef]

	



Granger, C.B.; McMurray, J.J.; Yusuf, S.; Held, P.; Michelson, E.L.; Olofsson, B.; Östergren, J.; Pfeffer, M.A.; Swedberg, K. 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. [Google Scholar] [CrossRef]

	



Yusuf, S.; Pfeffer, M.A.; Swedberg, K.; Granger, C.B.; Held, P.; McMurray, J.J.V.; Michelson, E.L.; 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. [Google Scholar] [CrossRef]

	



Massie, B.M.; Carson, P.E.; McMurray, J.J.; Komajda, M.; McKelvie, R.; Zile, M.R.; Anderson, S.; Donovan, M.; Iverson, E.; Staiger, C.; et al. Irbesartan in Patients with Heart Failure and Preserved Ejection Fraction. N. Engl. J. Med. 2008, 359, 2456–2467. [Google Scholar] [CrossRef]

	



McMurray, J.J.V.; Packer, M.; Desai, A.S.; Gong, J.; Lefkowitz, M.P.; Rizkala, A.R.; Rouleau, J.L.; Shi, V.C.; Solomon, S.D.; Swedberg, K.; et al. Angiotensin–Neprilysin Inhibition versus Enalapril in Heart Failure. N. Engl. J. Med. 2014, 371, 993–1004. [Google Scholar] [CrossRef]

	



Solomon, S.D.; McMurray, J.J.V.; Anand, I.S.; Ge, J.; Lam, C.S.P.; Maggioni, A.P.; Martinez, F.; Packer, M.; Pfeffer, M.A.; Pieske, B.; et al. Angiotensin–Neprilysin Inhibition in Heart Failure with Preserved Ejection Fraction. N. Engl. J. Med. 2019, 381, 1609–1620. [Google Scholar] [CrossRef]

	



Velazquez, E.J.; Morrow, D.A.; DeVore, A.D.; Duffy, C.I.; Ambrosy, A.P.; McCague, K.; Rocha, R.; Braunwald, E. Angiotensin–Neprilysin Inhibition in Acute Decompensated Heart Failure. N. Engl. J. Med. 2019, 380, 539–548. [Google Scholar] [CrossRef]

	



Pfeffer, M.A.; Claggett, B.; Lewis, E.F.; Granger, C.B.; Køber, L.; Maggioni, A.P.; Mann, D.L.; McMurray, J.J.V.; Rouleau, J.-L.; Solomon, S.D.; et al. Angiotensin Receptor–Neprilysin Inhibition in Acute Myocardial Infarction. N. Engl. J. Med. 2021, 385, 1845–1855. [Google Scholar] [CrossRef]

	



Januzzi, J.L., Jr.; Prescott, M.F.; Butler, J.; Felker, G.M.; Maisel, A.S.; McCague, K.; Camacho, A.; Piña, I.L.; Rocha, R.A.; Shah, A.M.; et al. Association of Change in N-Terminal Pro–B-Type Natriuretic Peptide Following Initiation of Sacubitril-Valsartan Treatment with Cardiac Structure and Function in Patients with Heart Failure with Reduced Ejection Fraction. JAMA 2019, 322, 1085–1095. [Google Scholar] [CrossRef]

	



MERIT-HF Study Group. 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. [Google Scholar] [CrossRef]

	



CIBIS-II Investigators and Committees. The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): A Randomised Trial. Lancet 1999, 353, 9–13. [Google Scholar] [CrossRef]

	



Packer, M.; Fowler, M.B.; Roecker, E.B.; Coats, A.J.S.; Katus, H.A.; Krum, H.; Mohacsi, P.; Rouleau, J.L.; Tendera, M.; Staiger, C.; et al. Effect of Carvedilol on the Morbidity of Patients with Severe Chronic Heart Failure. Circulation 2002, 106, 2194–2199. [Google Scholar] [CrossRef]

	



Packer, M.; Bristow, M.R.; Cohn, J.N.; Colucci, W.S.; Fowler, M.B.; Gilbert, E.M.; Shusterman, N.H. The Effect of Carvedilol on Morbidity and Mortality in Patients with Chronic Heart Failure. N. Engl. J. Med. 1996, 334, 1349–1355. [Google Scholar] [CrossRef]

	



Pitt, B.; Pfeffer, M.A.; Assmann, S.F.; Boineau, R.; Anand, I.S.; Claggett, B.; Clausell, N.; Desai, A.S.; Diaz, R.; Fleg, J.L.; et al. Spironolactone for Heart Failure with Preserved Ejection Fraction. N. Engl. J. Med. 2014, 370, 1383–1392. [Google Scholar] [CrossRef]

	



Pitt, B.; Zannad, F.; Remme, W.J.; 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. 1999, 341, 709–717. [Google Scholar] [CrossRef]

	



Pitt, B.; Remme, W.; Zannad, F.; Neaton, J.; Martinez, F.; Roniker, B.; Bittman, R.; Hurley, S.; Kleiman, J.; Gatlin, M. Eplerenone, a Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial Infarction. N. Engl. J. Med. 2003, 348, 1309–1321. [Google Scholar] [CrossRef]

	



Heidenreich, P.A.; Bozkurt, B.; Aguilar, D.; Allen, L.A.; Byun, J.J.; Colvin, M.M.; Deswal, A.; Drazner, M.H.; Dunlay, S.M.; Evers, L.R.; et al. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2022, 145, e895–e1032. [Google Scholar] [CrossRef]

	



Swedberg, K.; Komajda, M.; Böhm, M.; Borer, J.S.; 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. [Google Scholar] [CrossRef]

	



Komajda, M.; Isnard, R.; Cohen-Solal, A.; Metra, M.; Pieske, B.; Ponikowski, P.; Voors, A.A.; Dominjon, F.; Henon-Goburdhun, C.; Pannaux, M.; et al. Effect of Ivabradine in Patients with Heart Failure with Preserved Ejection Fraction: The EDIFY Randomized Placebo-Controlled Trial. Eur. J. Heart Fail. 2017, 19, 1495–1503. [Google Scholar] [CrossRef]

	



McMurray, J.J.V.; Solomon, S.D.; Inzucchi, S.E.; Køber, L.; Kosiborod, M.N.; Martinez, F.A.; Ponikowski, P.; Sabatine, M.S.; Anand, I.S.; Bělohlávek, J.; et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N. Engl. J. Med. 2019, 381, 1995–2008. [Google Scholar] [CrossRef]

	



Packer, M.; Anker, S.D.; Butler, J.; Filippatos, G.; Pocock, S.J.; Carson, P.; Januzzi, J.; Verma, S.; Tsutsui, H.; Brueckmann, M.; et al. Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N. Engl. J. Med. 2020, 383, 1413–1424. [Google Scholar] [CrossRef]

	



Anker, S.D.; Butler, J.; Filippatos, G.; Ferreira, J.P.; Bocchi, E.; Böhm, M.; Brunner–La Rocca, H.-P.; Choi, D.-J.; Chopra, V.; Chuquiure-Valenzuela, E.; et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N. Engl. J. Med. 2021, 385, 1451–1461. [Google Scholar] [CrossRef]

	



Bhatt, D.L.; Szarek, M.; Steg, P.G.; Cannon, C.P.; Leiter, L.A.; McGuire, D.K.; Lewis, J.B.; Riddle, M.C.; Voors, A.A.; Metra, M.; et al. Sotagliflozin in Patients with Diabetes and Recent Worsening Heart Failure. N. Engl. J. Med. 2021, 384, 117–128. [Google Scholar] [CrossRef]

	



Docherty, K.F.; McMurray, J.J.V. SOLOIST-WHF and Updated Meta-analysis: Sodium–Glucose Co-transporter 2 Inhibitors Should Be Initiated in Patients Hospitalized with Worsening Heart Failure. Eur. J. Heart Fail. 2021, 23, 27–30. [Google Scholar] [CrossRef]

	



Solomon, S.D.; Boer, R.A.; DeMets, D.; Hernandez, A.F.; Inzucchi, S.E.; Kosiborod, M.N.; Lam, C.S.P.; Martinez, F.; Shah, S.J.; Lindholm, D.; et al. Dapagliflozin in Heart Failure with Preserved and Mildly Reduced Ejection Fraction: Rationale and Design of the DELIVER Trial. Eur. J. Heart Fail. 2021, 23, 1217–1225. [Google Scholar] [CrossRef]

	



Jhund, P.S.; Kondo, T.; Butt, J.H.; Docherty, K.F.; Claggett, B.L.; Desai, A.S.; Vaduganathan, M.; Gasparyan, S.B.; Bengtsson, O.; Lindholm, D.; et al. Dapagliflozin across the Range of Ejection Fraction in Patients with Heart Failure: A Patient-Level, Pooled Meta-Analysis of DAPA-HF and DELIVER. Nat. Med. 2022, 28, 1956–1964. [Google Scholar] [CrossRef]

	



Solomon, S.D.; McMurray, J.J.V.; Claggett, B.; de Boer, R.A.; DeMets, D.; Hernandez, A.F.; Inzucchi, S.E.; Kosiborod, M.N.; Lam, C.S.P.; Martinez, F.; et al. Dapagliflozin in Heart Failure with Mildly Reduced or Preserved Ejection Fraction. N. Engl. J. Med. 2022, 387, 1089–1098. [Google Scholar] [CrossRef]

	



Gronda, E.; Vanoli, E.; Iacoviello, M. The PARAGON-HF Trial: The Sacubitril/Valsartan in Heart Failure with Preserved Ejection Fraction. Eur. Heart J. Suppl. 2020, 22, L77–L81. [Google Scholar] [CrossRef]

	



Gronda, E.; Iacoviello, M.; Napoli, C. The PARAGON-HF Trial: Toward Extension to Patients with HF Middle Range Ejection Fraction. JACC Heart Fail. 2020, 8, 697–698. [Google Scholar] [CrossRef]

	



Lund, L.H. Heart Failure with Mid-Range Ejection Fraction: Lessons from CHARM. Card. Fail. Rev. 2018, 4, 70–72. [Google Scholar] [CrossRef]

	



Solomon, S.D.; Anavekar, N.; Skali, H.; McMurray, J.J.V.; Swedberg, K.; Yusuf, S.; Granger, C.B.; Michelson, E.L.; Wang, D.; Pocock, S.; et al. Influence of Ejection Fraction on Cardiovascular Outcomes in a Broad Spectrum of Heart Failure Patients. Circulation 2005, 112, 3738–3744. [Google Scholar] [CrossRef]

	



Senni, M.; Redfield, M.M. Heart Failure with Preserved Systolic Function. A Different Natural History? J. Am. Coll. Cardiol. 2001, 38, 1277–1282. [Google Scholar] [CrossRef]

	



Curtis, J.P.; Sokol, S.I.; Wang, Y.; Rathore, S.S.; Ko, D.T.; Jadbabaie, F.; Portnay, E.L.; Marshalko, S.J.; Radford, M.J.; Krumholz, H.M. The Association of Left Ventricular Ejection Fraction, Mortality, and Cause of Death in Stable Outpatients with Heart Failure. J. Am. Coll. Cardiol. 2003, 42, 736–742. [Google Scholar] [CrossRef]

	



Van Kimmenade, R.R.; Januzzi, J.L.J.; Ellinor, P.T.; Sharma, U.C.; Bakker, J.A.; Low, A.F.; Martinez, A.; Crijns, H.J.; MacRae, C.A.; Menheere, P.P.; et al. Utility of Amino-Terminal pro-Brain Natriuretic Peptide, Galectin-3, and Apelin for the Evaluation of Patients with Acute Heart Failure. J. Am. Coll. Cardiol. 2006, 48, 1217–1224. [Google Scholar] [CrossRef]

	



Bettencourt, P.; Azevedo, A.; Pimenta, J.; Friões, F.; Ferreira, S.; Ferreira, A. N-Terminal-pro-Brain Natriuretic Peptide Predicts Outcome after Hospital Discharge in Heart Failure Patients. Circulation 2004, 110, 2168–2174. [Google Scholar] [CrossRef]

	



Felker, G.M.; Anstrom, K.J.; Adams, K.F.; Ezekowitz, J.A.; Fiuzat, M.; Houston-Miller, N.; Januzzi, J.L., Jr.; Mark, D.B.; Piña, I.L.; Passmore, G.; et al. Effect of Natriuretic Peptide–Guided Therapy on Hospitalization or Cardiovascular Mortality in High-Risk Patients with Heart Failure and Reduced Ejection Fraction: A Randomized Clinical Trial. JAMA 2017, 318, 713–720. [Google Scholar] [CrossRef]

	



Sharma, A.; Verma, S.; Bhatt, D.L.; Connelly, K.A.; Swiggum, E.; Vaduganathan, M.; Zieroth, S.; Butler, J. Optimizing Foundational Therapies in Patients with HFrEF: How Do We Translate These Findings Into Clinical Care? JACC Basic Transl. Sci. 2022, 7, 504–517. [Google Scholar] [CrossRef]

	



Peri-Okonny, P.A.; Mi, X.; Khariton, Y.; Patel, K.K.; Thomas, L.; Fonarow, G.C.; Sharma, P.P.; Duffy, C.I.; Albert, N.M.; Butler, J.; et al. Target Doses of Heart Failure Medical Therapy and Blood Pressure: Insights from the CHAMP-HF Registry. JACC Heart Fail. 2019, 7, 350–358. [Google Scholar] [CrossRef]

	



Parajuli, D.R.; Kourbelis, C.; Franzon, J.; Newman, P.; Mckinnon, R.A.; Shakib, S.; Whitehead, D.; Clark, R.A. Effectiveness of the Pharmacist-Involved Multidisciplinary Management of Heart Failure to Improve Hospitalizations and Mortality Rates in 4630 Patients: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J. Card. Fail. 2019, 25, 744–756. [Google Scholar] [CrossRef]

	



Koshman, S.L.; Charrois, T.L.; Simpson, S.H.; McAlister, F.A.; Tsuyuki, R.T. Pharmacist Care of Patients with Heart Failure: A Systematic Review of Randomized Trials. Arch. Intern. Med. 2008, 168, 687–694. [Google Scholar] [CrossRef]

	



Lam, C.S.P.; Voors, A.A.; de Boer, R.A.; Solomon, S.D.; van Veldhuisen, D.J. Heart Failure with Preserved Ejection Fraction: From Mechanisms to Therapies. Eur. Heart J. 2018, 39, 2780–2792. [Google Scholar] [CrossRef]

	



Pfeffer, M.A.; Claggett, B.; Assmann, S.F.; Boineau, R.; Anand, I.S.; Clausell, N.; Desai, A.S.; Diaz, R.; Fleg, J.L.; Gordeev, I.; et al. Regional Variation in Patients and Outcomes in the Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) Trial. Circulation 2015, 131, 34–42. [Google Scholar] [CrossRef]

	



Vaduganathan, M.; Claggett, B.L.; Jhund, P.; de Boer, R.A.; Hernandez, A.F.; Inzucchi, S.E.; Kosiborod, M.N.; Lam, C.S.P.; Martinez, F.; Shah, S.J.; et al. Time to Clinical Benefit of Dapagliflozin in Patients with Heart Failure with Mildly Reduced or Preserved Ejection Fraction: A Prespecified Secondary Analysis of the DELIVER Randomized Clinical Trial. JAMA Cardiol. 2022, 7, 1259–1263. [Google Scholar] [CrossRef]

	



Packer, M.; McMurray, J.J.V. Rapid Evidence-Based Sequencing of Foundational Drugs for Heart Failure and a Reduced Ejection Fraction. Eur. J. Heart Fail. 2021, 23, 882–894. [Google Scholar] [CrossRef]

	



Halliday, B.P.; Wassall, R.; Lota, A.S.; Khalique, Z.; Gregson, J.; Newsome, S.; Jackson, R.; Rahneva, T.; Wage, R.; Smith, G.; et al. Withdrawal of Pharmacological Treatment for Heart Failure in Patients with Recovered Dilated Cardiomyopathy (TRED-HF): An Open-Label, Pilot, Randomised Trial. Lancet 2019, 393, 61–73. [Google Scholar] [CrossRef]

	



Moon, J.; Ko, Y.-G.; Chung, N.; Ha, J.-W.; Kang, S.-M.; Choi, E.-Y.; Rim, S.-J. Recovery and Recurrence of Left Ventricular Systolic Dysfunction in Patients with Idiopathic Dilated Cardiomyopathy. Can. J. Cardiol. 2009, 25, e147–e150. [Google Scholar] [CrossRef]

	



Greene, S.J.; Butler, J.; Fonarow, G.C. Simultaneous or Rapid Sequence Initiation of Quadruple Medical Therapy for Heart Failure-Optimizing Therapy with the Need for Speed. JAMA Cardiol. 2021, 6, 743–744. [Google Scholar] [CrossRef]

	



Wahid, M.; Aghanya, V.; Sepehrvand, N.; Dover, D.C.; Kaul, P.; Ezekowitz, J. Use of Guideline-Directed Medical Therapy in Patients Aged ≥ 65 Years After the Diagnosis of Heart Failure: A Canadian Population-Based Study. CJC Open 2022, 4, 1015–1023. [Google Scholar] [CrossRef]

	



Mebazaa, A.; Davison, B.; Chioncel, O.; Cohen-Solal, A.; Diaz, R.; Filippatos, G.; Metra, M.; Ponikowski, P.; Sliwa, K.; Voors, A.A.; et al. Safety, Tolerability and Efficacy of up-Titration of Guideline-Directed Medical Therapies for Acute Heart Failure (STRONG-HF): A Multinational, Open-Label, Randomised, Trial. Lancet 2022, 400, 1938–1952. [Google Scholar] [CrossRef]








[image: Jcdd 10 00114 g001 550] 





Figure 1. Foundational heart failure therapy consisting of Sodium Glucose Cotransporter 2 Inhibitors (SGLT2i), mineralocorticoid receptor antagonists (MRA), angiotensin-converting enzyme inhibitors (ACEi), angiotensin receptor blockers (ARB), angiotensin receptor-neprilysin inhibitors (ARNI), beta blockers and ivabradine and their respective ejection fraction spectrums. 
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Table 1. Angiotensin-converting enzyme inhibitor heart failure trials.






Table 1. Angiotensin-converting enzyme inhibitor heart failure trials.





	Trial

(Medication)
	EF Inclusion
	Major Outcome

RR (95% CI) p-Value
	Key Summary





	CONSENSUS [5]

(enalapril 2.5–40 mg daily)
	≤40%
	6-month death

0.60 p = 0.002
	Enalapril reduced death in HFrEF patients.



	SOLVD [6]

(enalapril 2.5–20 mg daily)
	≤35%
	Death

0.84 (0.74–0.95) p = 0.0036
	Enalapril reduced death and hospitalization in HFrEF patients.



	SOLVD [7]

(enalapril 2.5–20 mg daily)
	≤40%
	HF incidence

0.71 (0.64–0.79) p < 0.001
	Enalapril reduced incidence of HF and HHF in asymptomatic reduced LVEF patients.



	PEP-CHEF [8]

(perindopril 2–4 mg daily)
	>40%
	Death and HHF

0.92 (0.70–1.21) p = 0.55
	Perindopril did not reduce death or HHF in elderly patients.







HF: heart failure; HHF: hospitalization for heart failure; HFrEF: heart failure reduced ejection fraction; LVEF: left ventricular ejection fraction.
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Table 2. Angiotensin receptor blocker heart failure trials.






Table 2. Angiotensin receptor blocker heart failure trials.





	Trial

(Medication)
	EF Inclusion
	Major Outcome

RR/HR (95% CI)

p-Value
	Key Summary





	ELITE [9]

(losartan 12.5 to 50 mg daily or captopril 6.25 to 50 TID)
	≤40%
	Death

0.54 (0.05–0.69) p = 0.0035
	In elderly HFrEF patients, losartan reduced more death than captopril.



	RESOLVD [9]

(candesartan 4 to 16 mg or

enalapril 20 mg)
	≤40%
	Combination therapy reduced aldosterone (p < 0.05) and

brain natriuretic peptide (5.8 ± 2.7 pmol/L; p < 0.01)
	Combination of regimen was more effective in preventing left ventricular remodeling.



	ELITE II [10]

(losartan 12.5 to 50 mg or captopril 12.5 to 50 mg TID)
	≤40%
	Difference in death

1.13 (0.95–1.35) p = 0.16
	Losartan was not superior to captopril in improving survival but was better tolerated.



	Val-HeFT [11]

(valsartan 160 mg daily)
	<40%
	Composite of morbidity, death

0.87 (0.77–0.97) p = 0.009
	Valsartan reduced morbidity and death.



	CHARM-Overall [12]

(candesartan 4 to 32 mg daily)
	<40%
	CV death

0.88 (0.79–0.97)

p = 0.012
	Candesartan reduced CV death and HHF in HFrEF.



	CHARM-Added [12]

(candesartan 4 to 32 mg daily)
	<40%
	CV death or HHF

0.85 (0.75–0.96)

p = 0.011
	Adding candesartan to ACEi HF therapy reduced CV death or HHF.



	CHARM-Alternative [13]

(candesartan 4 to 32 mg daily)
	<40%
	CV death or HHF

0.77 (0.67–0.89) p = 0.0004
	In HFrEF patients not taking ACEi, candesartan reduced CV death and HHF.



	CHARM-Preserved [14]

(candesartan 32 mg)
	>40%
	HHF

0.84 (0.70–1.00) p = 0.047
	Candesartan reduced HHF, but not CV death.



	I-Preserve [15]

(irbesartan 300 mg daily)
	>45%
	Death or CV hospitalization

0.95 (0.86–1.05) p = 0.35
	Irbesartan did not reduce death or CV hospitalization in HFpEF patients.







ACEi: angiotensin-converting enzyme inhibitors; CV: cardiovascular; HF: heart failure; HHF: hospitalization for heart failure; HFpEF: heart failure preserved ejection fraction; HFrEF: heart failure reduced ejection fraction; TID: three times a day.
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Table 3. Sacubitril–valsartan heart failure trials.
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	Trial

(Medication)
	EF Inclusion
	Major Outcome

HR (95% CI)

p-Value
	Key Summary





	PARADIGM [16]

(sacubitril-valsartan 97/103 mg BID)
	≤40% (until 2010 then reduced to ≤35%)
	Composite CV death of HHF 0.80 (0.73–0.87) p < 0.001
	Sacubitril-valsartan superior to enalapril in reducing death and HHF



	PARAGON-HF [17] (sacubitril-valsartan 97/103 mg BID)
	≥45%
	Composite of CV death and HHF 0.87 (0.75–1.01) p = 0.059
	Sacubitril-valsartan did not significantly reduce HHF or CV death in patients with EF of 45% or greater



	PIONEER-HF [18]

(sacubitril-valsartan 24/26 mg BID—97/103 mg BID)
	≤40%
	NT-pro-BNP values and time-averaged change from baseline

0.71 (0.63–0.81) p < 0.001
	Sacubitril-valsartan significantly reduced NT-proBNP in HFrEF patients admitted with ADHF



	PARADISE-MI [19] (sacubitril–valsartan 97/103 mg BID)
	≤40%
	Time to first composite endpoint including CV death, HHF or outpatients

0.90 (0.78–1.04) p = 0.17
	Sacubitril-valsartan not associated with superior CV endpoints in the AMI population



	PROVE-HF [20] (sacubitril–valsartan 24/26 mg BID—97/103 mg BID)
	≤40%
	NT-pro-BNP values and time-averaged change from baseline

0.85 (0.77–0.94) p < 0.001
	Reductions in NT-proBNP may improve cardiac function and volume with sacubitril-valsartan







ADHF: acute decompensated heart failure; AMI: acute myocardial infarction; CV: cardiovascular; EF: ejection fraction; HFrEF: heart failure reduced ejection fraction; HHF: heart failure for hospitalization; NT-proBNP: N-terminal pro-brain natriuretic peptide.
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Table 4. Beta blocker heart failure trials.
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	Trial

(Medication)
	EF Inclusion
	Major Outcome

HR (95% CI) p-Value
	Key Summary





	MERIT-HF [21]

(metoprolol 12.5 or 25 mg)
	≤40%
	All-cause mortality: relative risk 0.66 [95% CI 0.53–0.81]; p = 0.00009
	Metoprolol in addition to standard therapy improved survival



	CIBIS-II [22]

(bisoprolol 1.25–10 mg daily)
	≤35%
	All-cause mortality: 0.66 (95% CI 0.54–0.81) p < 0.0001
	Adding BB to standard therapy (diuretics, ACEi) had benefits for survival



	COPERNICUS [23]

(carvedilol 3.125 mg BID—25 mg BID)
	≤25%
	Mortality (RR 0.65; 95% CI 0.52–0.81; p = 0.00013; NNT = 15)
	Carvedilol reduced risk of death or HF hospitalization



	US Carvedilol [24]

(carvedilol 6.25–50 mg BID)
	≤35%
	Mortality

(7.8% in placebo, 3.2% in carvedilol group)
	Carvedilol reduced death and hospitalization







ACEi: angiotensin-converting enzyme inhibitors; BB: beta blocker; BID: twice daily; HF: heart failure.
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Table 5. Mineralocorticoid receptor antagonist heart failure trials.
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	Trial

(Medication)
	EF Inclusion
	Major Outcome

HR (95% CI) p-Value
	Key Summary





	TOPCAT [25]

(spironolactone 15–45 mg daily)
	≥45%
	CV mortality, aborted cardiac arrest or HHF

0.89 (0.77–1.04) p = 0.14
	Spironolactone did not reduce CV composite in HFpEF



	RALES [26]

(spironolactone 25 mg daily)
	≤35%
	Death

0.70 (0.60–0.82) p < 0.001
	Spironolactone reduced morbidity, death in severe HF



	EPHESUS [27]

(eplerenone 25–50 mg daily)
	≤40%
	Death from any cause; CV death or first hospitalization for a CV event

0.85 (0.75–0.960 p = 0.008 and 0.87 (0.79–0.95) p = 0.002
	Eplerenone reduced mortality among acute MI with HF symptoms



	EMPHASIS-HF [27]

(eplerenone 25–50 mg daily)
	≤30%
	CV death or HF hospitalization

0.63 (0.54–0.74) p < 0.001
	Eplerenone reduced risk of death and hospitalization in HFrEF







CV: cardiovascular; HF: heart failure; HFpEF: heart failure with preserved ejection fraction.
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Table 6. Ivabradine heart failure trials.
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	Trial

(Medication)
	EF Inclusion
	Major Outcome

HR (95% CI) p-Value
	Key Summary





	SHIFT [29] (ivabradine 5–7.5 mg BID)
	≤35%
	HHF or CV death

0.82 (0.75–0.90) p < 0.0001
	Ivabradine decreased the risk of CV death or HHF with a resting HR > 70 bpm



	EDIFY [30] (ivabradine 5–7.5 mg BID)
	≥45%
	Echo Doppler E/e’ ratio, 6MWT and plasma NT-proBNP concentration
	Ivabradine did not improve co-primary endpoints in HFpEF with a resting HR > 70 bpm







BID: twice daily; Bpm: beats per minute; HHF: heart failure hospitalization; HR: heart rate; 6MWT: 6 min walking test; E/e’: mitral inflow velocity over early diastolic mitral annular velocity.
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Table 7. Sodium Glucose Cotransporter 2 Inhibitor heart failure trials.
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	Trial

(Medication)
	EF Inclusion
	Major Outcome

HR (95% CI) p-Value
	Key Summary





	DAPA-HF [31]

(dapagliflozin 10 mg daily)
	≤40%
	Composite of worsening HF or CV death 0.74 (0.65–0.85) p < 0.001
	Dapagliflozin lowered the risk of worsening HF or CV death in HFrEF patients, regardless of diabetic status



	EMPEROR-Reduced [32] (empagliflozin 10 mg daily)
	≤40%
	Composite CV death or HHF 0.75 (0.65–0.86) p < 0.001
	Empagliflozin reduced CV

death and HHF in HFrEF regardless of absence or presence of diabetes



	EMPEROR-Preserved [33]

(empagliflozin 10 mg daily)
	≥40%
	Composite of CV death or HHF 0.79 (0.69–0.90) p < 0.001
	Empagliflozin reduced CV death or HHF in HFpEF patients



	SOLOIST-WHF [34]

(sotagliflozin 200 or 400 mg daily)
	Presence of signs and symptoms of HF
	CV death and HHF

0.67 (0.52–0.85)

p < 0.001
	This was the first large trial of SGLT1/SGLT2 inhibitor in hospitalized patients



	DELIVER [38]

(dapagliflozin 10 mg daily)
	≥40% or

previously <40% but recovered
	Composite of worsening HF or CV death 0.82 (0.73–0.92) p < 0.001
	Dapagliflozin reduced the combined risk of worsening heart failure or cardiovascular death among patients with heart failure and a mildly reduced or preserved ejection fraction







CV: cardiovascular; HF: heart failure; HHF: hospitalization for heart failure; HFpEF: heart failure preserved ejection fraction; HFrEF: heart failure reduced ejection fraction; SGLT1: Sodium Glucose Cotransporter 1; SGLT2: Sodium Glucose Cotransporter 2.
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