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In the next 20 minutes, I’m going to talk about medical therapy for systolic heart failure and focus on a update to the 2013 heart failure guidelines
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Nomenclature 

Heart Failure 

Heart failure with 
preserved EF 

(HFpEF) 
LVEF >50% 

Heart failure with 
reduced EF 

(HFrEF) 
LVEF <40% 

Heart failure with 
mid-range EF 

(HFmrEF) 
LVEF 40-50% 
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Its important that we breakdown heart failure based on how well the patients ventricle pumps.  The reason for this is that the evidence based treatment options differ based on the ejection fraction.  Systolic heart failure, or HFrEF is defined as LVEF < 40%.   Diastolic, or HFpEF , is defined as LVEF >50%.   What, this does however, is create a new range of Ejection fraction which has been termed borderline HFpEF  and is now often referred to as HFmrEF. The problem with patients that fall into this mid range group is that they have historically been excluded from heart failure trials.    HF may be caused by disease of the myocardium, pericardium, endocardium, heart valves, vessels, or by metabolic disorders [1]. HF due to left ventricular dysfunction is categorized according to left ventricular ejection fraction (LVEF) into HF with reduced ejection fraction (with LVEF ≤40 percent, known as HFrEF; also referred to as systolic HF) and HF with preserved ejection fraction (with LVEF>40 percent; known as HFpEF; also referred to as diastolic HF).The most recent guidelines from the American Heart Association/American College of Cardiology Foundation (AHA/ACCF) and the European Society of Cardiology (ESC) have defined HFrEF as having symptoms and signs of HF with an LVEF <40%, whereas HFpEF is defined as HF with an LVEF ≥50% (5,6). These definitions allow for a clearer distinction between the HFrEF and HFpEF groups based on LVEF, but in the process, they create an intermediate range of LVEF that has been less rigorously studied. Although the 2013 ACCF/AHA guidelines first classified this range of LVEF 41% to 49% as borderline HFpEF, the 2016 ESC guidelines have identified patients with HF and an LVEF 40% to 49% as having heart failure with mid-range ejection fraction (HFmrEF)
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When we look at the available medications to treat heart failure, the HFrEF group is the clear victor when it comes to the group with the most evidence-based, class I medications for heart failureCharacterization of HFpEF, HFmrEF, and HFrEF General comparisons of the clinical characteristics, outcomes, and guideline-directed medical therapies for each heart failure group. Class of recommendation is denoted in parentheses, if applicable. ACEI = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor-neprilysin inhibitor; BB = beta-blockers; CAD = coronary artery disease; HFmrEF = heart failure with mid-range ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; MRA = mineralocorticoid receptor antagonist.



Goals of Therapy in Heart Failure 

• Improve symptoms 
• Reduce hospitalizations 
• Slow or reverse myocardial dysfunction 
• Reduce mortality 



Heart Failure Therapy Timeline 

 
 
 
 

 
 
 

 
 

Ivabradine 
(SHIFT study) 

Nature Reviews Drug Discovery volume16, pages699–717 (2017) 
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So prior to the 1980s, there were few medications options for heart failure treatment, with digitalis and diuretics being the only medications used to relieve symptoms.  Then in the 1980’s, the focused shifted to altering hemodynamics, by reducing preload and afterload with hydralazine and nitrates. The V-HeFT trial was one of the first trials to show mortality benefit and this was subsequently followed by the developmental all the standard HF treatments we think of (ACEi, BB) and most recently  a couple newer classes of medications which we will get into in a bit.The Vasodilator-Heart Failure Trial I (V-HeFT I) sought to explore the effects of using a combination of hydralazine and isosorbide dinitrate in managing heart failure. In summary, this trial demonstrated that treating patients with congestive heart failure with hydralazine-isosorbide dinitrate significantly reduced mortality when compared with placebo for the initial 3-year period. This study was one of the first to demonstrate a significant reduction in mortality with heart failure treatment



Evidence-Based 
Therapy:              

HFrEF    
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We will quickly go through some of the landmark trials for systolic HF



SOLVD Trial - 1992 CONSENSUS – 1987 
 

ACEi in LV dysfunction 

N Engl J Med. 1987;316(23):1429 
N Engl J Med. 1991;325(5):293.  
  

16% Mortality 
Reduction   

40% Mortality 
Reduction   
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Starting with ACEi’s. The CONSENSUS trial in 1987 showed a 40% reduction in mortality.And the SOLVD trial in 1992 showed a 16% reduction in mortalitySo you might ask why the discrepancy in mortality reduction between the two trials? Well the CONSENSUS trial included on class IV HF patients while the SOLVD trial included class II and higher HF patients. 40% mortality reduction at 6 months – CONSENSUS (NYHA class IV)16% mortality reduction at 4 yrs – SOLVD (NYHA class II-IV)



Carvedilol in Chronic Heart Failure 

Circulation. 2002;106:2194-2199.  

COPERNICUS – 2002 
 

31% reduction in combined risk of death or 
HF hospitalization 
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In 2002, the COPERNICUS trial showed a 31% reduction in combined risk of death or HF hospitalization.  Over 2000 patients enrolled in this trial. Background—-Blocking agents improve functional status and reduce morbidity in mild-to-moderate heart failure, but it is not known whether they produce such benefits in severe heart failure. Methods and Results—We randomly assigned 2289 patients with symptoms of heart failure at rest or on minimal exertion and with an ejection fraction 25% (but not volume-overloaded) to double-blind treatment with either placebo (n1133) or carvedilol (n1156) for an average of 10.4 months. Carvedilol reduced the combined risk of death or hospitalization for a cardiovascular reason by 27% (P0.00002) and the combined risk of death or hospitalization for heart failure by 31% (P0.000004). Patients in the carvedilol group also spent 27% fewer days in the hospital for any reason (P0.0005) and 40% fewer days in the hospital for heart failure (P0.0001). These differences were as a result of both a decrease in the number of hospitalizations and a shorter duration of each admission. More patients felt improved and fewer patients felt worse in the carvedilol group than in the placebo group after 6 months of maintenance therapy (P0.0009). Carvedilol-treated patients were also less likely than placebo-treated patients to experience a serious adverse event (P0.002), especially worsening heart failure, sudden death, cardiogenic shock, or ventricular tachycardia. Conclusion—In euvolemic patients with symptoms at rest or on minimal exertion, the addition of carvedilol to conventional therapy ameliorates the severity of heart failure and reduces the risk of clinical deterioration, hospitalization, and other serious adverse clinical events.



Dose-related increase in LVEF with carvedilol in non-
ischemic cardiomyopathy 

Bristow MR, Gilbert EM, Abraham WT, et al. Circulation 1996; 94:2807. 



 Mineralocorticoid receptor 
antagonists in HFrEF 

N Engl J Med. 2011;364(1):11 
N Engl J Med 1999; 341:709. 

EMPHASIS-HF - 2011 
NYHA class II, LVEF ≤ 35% 

RALES - 1999 
NYHA class III or IV, LVEF ≤ 35% 

30% reduction all-
cause mortality 

18.3% vs 25.9% 
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In my experience, MRA are probably the most underused HF medications despite convincing trial data.   The rales trial in 1999 showed 30% in all-cause mortality in patients given spironolactone with class III or IV HF with EF < 35% In the EMPHASIS trial in 2011, mortality benefit was extended to class II HF patients taking eplerenone. Other trials of MRAClass III or IV heart failure — The efficacy and safety of spironolactone in patients with New York Heart Association (NYHA) class III or IV HF were assessed in the RALES trial [5,27]. This study included 1663 patients with either current NYHA class IV HF or class III HF with a history of class IV HF within the previous six months (table 1) and left ventricular ejection fraction (LVEF) ≤35 percent (mean was 25 percent). Previous therapy consisted of an angiotensin converting enzyme (ACE) inhibitor and a loop diuretic, with or without digoxin. Although at the time of RALES, use of beta-blocker therapy was limited, the benefits of MRA with concomitant beta blockers has been established with subsequent randomized controlled trials. The patients were randomly assigned to placebo or a single daily dose of spironolactone (25 to 50 mg daily). Candidates were excluded if they had a serum creatinine concentration >2.5 mg/dL (221 micromol/L) or a serum potassium concentration >5 meq/L.



Other Medications 

• Hydralazine/ Isosorbide dinitrate              
(V-HeFT, A-HeFT trials) 
 
 
 
 

• Digoxin 
 

• Diuretics 
 



 
Newer Heart Failure 

Therapies 
 

Target: Natriuretic peptides 
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Entresto, the combination of sacubitril and valsartan, is the biggest advance in the last several years, says Mary Norine Walsh, MD, FACC, vice president of the ACC. Shown to be superior to best standard of care, the reduction in cardiovascular mortality and HFH with Entresto in the well-conducted PARADIGM-HF trial truly represents a paradigm shift, with the potential to improve care in many HF patients. This first-in-class drug, approved by the U.S. Food and Drug Administration (FDA) in July 2015, was shown to improve median survival by 1.5 years in a recent analysis of patients in the pivotal study, a substantial life extension for a condition that has a median survival of five years from its diagnosis. 
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We already know that the neurohormonal activation of the RAAS is detrimental and is a key target for HF therapy.  The natriuretic peptide system is a counter-regulatory system that has beneficial effects in HF patients and is thus a target of HF therapy. Augmentation of beneficial counter-regulatory systems such as natriuretic peptides is an additional strategy to treat HF [4]. Inhibition of neprilysin (a neutral endopeptidase) raises levels of several endogenous vasoactive peptides, including natriuretic peptides, bradykinin, and adrenomedullin, and may thus have beneficial effects in patients with HF. This approach differs from the administration of nesiritide (B-type natriuretic peptide) in the setting of acute HF, which did not improve clinical outcomes in the ASCEND-HF trial, as discussed separately. (See "Angiotensin converting enzyme inhibitors and receptor blockers in heart failure: Mechanisms of action" and "Nesiritide in the treatment of acute decompensated heart failure", section on 'Clinical trials'.)Importantly, neprilysin, in addition to degrading counter-regulatory vasoactive peptides thought to be favorable in the setting of HF (ie, natriuretic peptides), also degrades the deleterious neurohormone angiotensin II. Ecadotril, a pure neprilysin inhibitor, was found not to be beneficial in HF patients [5], presumably because the benefit of raising levels of favorable neurohormones (the natriuretic peptides) was offset by elevated levels of angiotensin II, which has deleterious effects in HF.Strategies were then undertaken to inhibit both neprilysin and the RAAS system. Ompatrilat was a compound that inhibited neprilysin, angiotensin converting enzyme (ACE), and aminopeptidase P. The commercial development of this compound was halted due to an unacceptably high rate of angioedema [], attributed to an increase in bradykinin levels, which occurred since neprilysin, ACE, and aminopeptidase P each degrade bradykinin [6]. This is an important outcome to remember for it emphasizes the need to avoid concomitant neprilysin inhibition and ACE inhibition when treating patients with HF.The strategy that ultimately proved successful in improving outcomes in HF was to combine a neprilysin inhibitor with an angiotensin receptor blocker (ARB). It has been hypothesized that the elevated angiotensin II levels resulting from neprilysin inhibition are blocked by the ARB, preventing elevated angiotensin II levels from exerting detrimental effects (figure 1). This new class of pharmacologic therapies, a combination of an angiotensin receptor and neprilysin inhibitor is termed "ARNI." The first compound in this class, sacubitril-valsartan, is one that combines the neprilysin inhibitor sacubitril with the ARB valsartan [4].



Ecadotril 

X 
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Ecadotril, a pure neprilysin inhibitor, was found not to be beneficial in HF patients, presumably because the benefit of raising levels of favorable neurohormones (the natriuretic peptides) was offset by elevated levels of angiotensin II, which has deleterious effects in HF.Angiotensin Receptor-Neprilysin InhibitorThe next step was to combine the efficacy of vasopeptidase inhibitors, that is, suppression of the RAAS and inhibition of NEP, without their principal adverse effect, that is, the inhibition of bradykinin and the resultant angioedema. This was accomplished simply and cleverly by replacing the ACEi in omapatrilat with an ARB, because (in contrast to ACEis), ARBs do not inhibit the breakdown of bradykinin, with a resultant reduction of the risk of angioedema. In 2003, the Novartis Pharmaceutical Corporation applied for the patent of a drug comprising a combination of the angiotensin antagonist valsartan and an NEPi, naming Webb and Ksander as the inventors (97). LCZ696 is a supramolecular complex of 6 molecules of the ARB valsartan with 6 molecules of the NEPi prodrug, sacubitril (AHU377), creating a novel crystalline complex having a molecular weight of 5,748 (98) and a first-in-class ARNi. Following ingestion, sacubitril is metabolized rapidly into the active NEPi, LBQ657. Gu et al. (95) published phase I and II studies on LCZ696 in 2010; the peak concentrations of both valsartan and LBQ657 occurred at about 3 h following oral administration. The action of the ARB was reflected in the rapid increases in the plasma renin and angiotensin II concentrations. Simultaneously, cyclic guanosine monophosphate rose, reflecting an increase in the concentration of ANP resulting from the NEPi action of LBQ657.In 2010, Ruilope et al. (99) compared LCZ696 with valsartan in 1,328 hypertensive subjects. Systolic, diastolic, and pulse pressures, both sitting and ambulatory, fell to a greater extent with LCZ696 than with either valsartan or the NEPi prodrug (AHU377) administered separately (Figure 3) (99). LCZ696 was well tolerated, without excess cough and with no instances of angioedema. Similar findings were reported in an Asian population of hypertensive subjects (100). Solomon et al. (101) conducted the PARAMOUNT (Prospective comparison of ARNi with ARB on Management Of heart failUre with preserved ejectioN fracTion) trial, a double-blind randomized trial in 301 patients with heart failure with preserved ejection fraction (HFpEF), which compared LCZ696 with valsartan. The primary endpoint, the decline in NT-proBNP at 12 weeks after treatment was begun, was significantly greater in the LCZ696 group than in the valsartan group (Figure 4). After 36 weeks, both left atrial volume and dimension, which reflect left ventricular filling pressure, also declined more with LCZ696 (Figure 4), and there was greater improvement in the New York Heart Association functional class with LCZ696 than with valsartan.�



Ompatrilat  

ACE 

X 

X 
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Strategies were then undertaken to inhibit both neprilysin and the RAAS system. Ompatrilat was a compound that inhibited neprilysin, angiotensin converting enzyme (ACE), and aminopeptidase P. The commercial development of this compound was halted due to an unacceptably high rate of angioedema [], attributed to an increase in bradykinin levels, which occurred since neprilysin, ACE, and aminopeptidase P each degrade bradykinin [6]. This is an important outcome to remember for it emphasizes the need to avoid concomitant neprilysin inhibition and ACE inhibition when treating patients with HF.The strategy that ultimately proved successful in improving outcomes in HF was to combine a neprilysin inhibitor with an angiotensin receptor blocker (ARB). It has been hypothesized that the elevated angiotensin II levels resulting from neprilysin inhibition are blocked by the ARB, preventing elevated angiotensin II levels from exerting detrimental effects (figure 1). This new class of pharmacologic therapies, a combination of an angiotensin receptor and neprilysin inhibitor is termed "ARNI." The first compound in this class, sacubitril-valsartan, is one that combines the neprilysin inhibitor sacubitril with the ARB valsartan [4].



Comparison of the actions of angiotensin-
converting enzyme inhibitors and angiotensin 

II receptor blockers 
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Angiotensin II receptor blockers (ARBs) and angiotensin converting enzyme (ACE) inhibitors reduce the stimulation of angiotensin II (AT) receptors via different mechanisms (figure 1). Given the difference in mechanisms, it was previously postulated that ARB therapy would provide an advantage over ACE inhibitor therapy but the evidence has shown that ARB therapy is not superior to ACE inhibitor therapy for heart failure (HF).ACE inhibitors block the formation of angiotensin II, thereby decreasing the amount of angiotensin available to both AT type 1 (AT1) and AT type 2 (AT2) receptors. ARBs selectively block the binding of angiotensin II to the AT1 receptor, but do not affect the AT2 receptor [4]. The clinical importance of this is uncertain, since the AT1 receptor seems to dominate. (See "Actions of angiotensin II on the heart" and "Differences between angiotensin-converting enzyme inhibitors and receptor blockers".)Another difference is that ACE inhibitors, but not ARBs, reduce kinin degradation, since ACE is also a kininase (figure 1). The accumulation of kinins may mediate some of the benefits as well as the adverse effects of ACE inhibitors. One important clinical consequence resulting from the lack of kinin accumulation is that the ARBs do not induce cough, a complication that occurs in 3 to 20 percent of patients treated with ACE inhibitors. (See "Major side effects of angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers".)



• Over 8000 Patients  
 

• Randomized to sacubitril-valsartan 
or Enalapril 

 
• NYHA class II-IV, LVEF ≤ 40% 
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A randomized double-blind trial (PARADIGM-HF) in patients with HFrEF found that sacubitril-valsartan reduced cardiovascular mortality and hospitalization for HF as well as all-cause mortality compared with a proven dose of the ACE inhibitor enalapril [8]. In this trial, 8442 patients with an LVEF ≤40 percent and NYHA functional class II, III, or IV HF were randomly assigned to receive either sacubitril-valsartan (200 mg twice daily; ARB component equivalent to 160 mg of valsartan twice daily) or enalapril (10 mg twice daily) following a run-in phase in which they demonstrated tolerability first to enalapril and then to sacubitril-valsartan. At baseline, most patients in both treatment groups were receiving recommended pharmacologic treatment for chronic HF (including over 90 percent receiving beta blockers). The trial was stopped early after a median follow-up of 27 months (after 2031 patients, rather than the planned 2410 patients, experienced a cardiovascular death or HF hospitalization) because the prespecified boundary for early termination for benefit was crosse



PARADIGM-HF: Results 

21.8% vs 26.5% (20% RRR) 
NNT 21 
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LCZ696 was superior to enalapril in reducing the risks of death and of hospitalization for heart failure. Primary outcome:CV Mortality or HF hospitalization21.8% vs 26.5%, p<0.001, NNT 2120% Risk, 4.7% ARR



Impact on natriuretic peptide 
levels  

• ARNI therapy leads to an elevation of 
B-type natriuretic peptide (BNP) levels 
 

• N-terminal proBNP (NT-proBNP) is not 
degraded by neprilysin 
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ARNI therapy leads to an elevation of B-type natriuretic peptide (BNP) levels, given that BNP is degraded by neprilysin. However, N-terminal proBNP (NT-proBNP) is not degraded by neprilysin, and thus its levels are not increased by neprilysin inhibition. Indeed, in the PARADIGM-HF trial, patients randomized to ARNI had higher BNP levels but lower NT-proBNP levels at four weeks and eight months compared with those in the placebo group [13].
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Background Heart failure with preserved ejection fraction is associated with substantial morbidity and mortality, buteff ective treatments are lacking. We assessed the effi cacy and safety of LCZ696, a fi rst-in-class angiotensin receptorneprilysin inhibitor (ARNI), in patients with this disorder.Methods PARAMOUNT was a phase 2, randomised, parallel-group, double-blind multicentre trial in patients withNew York Heart Association (NYHA) class II–III heart failure, left ventricular ejection fraction 45% or higher, andNT-proBNP greater than 400 pg/mL. Participants were randomly assigned (1:1) by central interactive voice responsesystem to LCZ696 titrated to 200 mg twice daily or valsartan titrated to 160 mg twice daily, and treated for 36 weeks.Investigators and participants were masked to treatment assignment. The primary endpoint was change in NTproBNP,a marker of left ventricular wall stress, from baseline to 12 weeks; analysis included all patients randomlyassigned to treatment groups who had a baseline and at least one postbaseline assessment. This trial is registered atClinicaltrials.gov, number NCT00887588.Findings 149 patients were randomly assigned to LCZ696 and 152 to valsartan; 134 in the LCZ696 group and 132 in thevalsartan group were included in analysis of the primary endpoint. NT-proBNP was signifi cantly reduced at 12 weeksin the LCZ696 group compared with the valsartan group (LCZ696: baseline, 783 pg/mL [95% CI 670–914], 12 weeks,605 pg/mL [512–714]; valsartan: baseline, 862 pg/mL [733–1012], 12 weeks, 835 [710–981]; ratio LCZ696/valsartan,0·77, 95% CI 0·64–0·92, p=0·005). LCZ696 was well tolerated with adverse eff ects similar to those of valsartan;22 patients (15%) on LCZ696 and 30 (20%) on valsartan had one or more serious adverse event.Interpretation In patients with heart failure with preserved ejection fraction, LCZ696 reduced NT-proBNP to a greaterextent than did valsartan at 12 weeks and was well tolerated. Whether these eff ects would translate into improvedoutcomes needs to be tested prospectively.



Sacubitril-Valsartan: Adverse Effects 

• Hypotension (18% vs 12%) 
• Hyperkalemia 
• Cough 
• Dizziness 
• Renal Failure 
• Angioedema 
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Adverse effects that occur at a frequency of at least 5 percent include hypotension, hyperkalemia, cough, dizziness, and renal failure. Angioedema is a less frequent adverse effect but may be life threatening.Hypotension is a common adverse effect of sacubitril-valsartan (18 percent with sacubitril-valsartan versus 12 percent with enalapril in PARADIGM-HF). Measures to reduce the risk of hypotension include correcting volume depletion prior to starting sacubitril-valsartan and starting at a lower dose. If hypotension occurs, measures include adjusting the dose of diuretics or concomitant antihypertensive drugs, treatment of other causes of hypotension (eg, hypovolemia), and/or reducing the dose or temporarily discontinuing sacubitril-valsartan. Thus, treatment with sacubitril-valsartan can frequently be continued.Hyperkalemia is a common adverse effect of sacubitril-valsartan (12 percent with sacubitril-valsartan versus 14 percent with enalapril in PARADIGM-HF). In patients receiving any regimen including one or more inhibitors of the renin-angiotensin-aldosterone system (RAAS), precautions should be taken to avoid hyperkalemia, including careful screening of patients for baseline renal dysfunction or hyperkalemia and close periodic monitoring of renal function and serum potassium concentration, especially in patients with risk factors for hyperkalemia. A specific approach to minimizing the risk of hyperkalemia with use of RAAS blockers has been proposed (table 1) [20]. Among patients treated with a mineralocorticoid receptor antagonist in the PARADIGM HF trial, severe hyperkalemia was less common in those randomized to sacubitril-valsartan versus enalapril [21].Cough is a common adverse effect of sacubitril-valsartan (9 percent with sacubitril-valsartan versus 13 percent with enalapril in PARADIGM-HF).Renal failure was reported as an adverse event in 5 percent of patients in both treatment groups in PARADIGM-HF. During the double-blind period, increases in serum creatinine of >50 percent were reported in approximately 16 percent of both sacubitril-valsartan- and enalapril-treated patients. In patients who develop worsening renal function on sacubitril-valsartan, dose reduction or interruption of the drug is recommended. Concomitant use of a nonsteroidal anti-inflammatory drug, including selective cyclooxygenase-2 inhibitor with sacubitril-valsartan, may increase the risk of worsening renal function, particularly in patients who are elderly, volume depleted, or have renal dysfunction.Angioedema is an infrequent adverse effect of sacubitril-valsartan (0.5 percent versus 0.2 percent with enalapril in the PARADIGM-HF trial) but is potentially life-threatening when associated with laryngeal edema. The incidence of angioedema in black patients was higher (2.4 percent with sacubitril-valsartan and 0.5 percent with enalapril). Given this finding based upon a small population of black patients, we suggest particular vigilance for angioedema in black patients until more information is available.Sacubitril-valsartan should not be used during pregnancy due to concerns about risk of teratogenicity. (See "Adverse effects of angiotensin converting enzyme inhibitors and receptor blockers in pregnancy".)Considering the multiple potential effects of the drugs, long-term effects on various organs may not be known. For example, there is a proposed mechanism by which sacubitril might impact cognitive function [22]. An analysis found no increase in dementia-related adverse events in PARADIGM-HF when comparing sacubitril-valsartan with enalapril, albeit only during the course of the trial [23]. Likewise, there was no signal in an analysis of the FDA Adverse Event Report System Database of an association of sacubitril-valsartan with dementia or cognitive dysfunction [24]. Nevertheless, longer-term data are needed to assess such potential risks



 
Contraindications to Sacubitril-

Valsartan 

• History of angioedema 
• Patients who are pregnant 
• Concurrent use with ACEi/ ARB/ Aliskiren 
• Use caution in patients with liver failure  
 



Dosing: Sacubitril-Valsartan 

• ARNI should be started at least 36 hours 
after the last dose of ACE inhibitor to 
minimize the risk of angioedema. 
 

• Three doses 
– 24/26 mg twice daily 
– 45/91 mg twice daily 
– 97/103 mg twice daily 
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Depending on BP and dose of ACEi or ARB patient was taking we typically start at the lower dose and double the dose every 2-4 weeksFor patients with normal renal and hepatic function or mild or moderate renal impairment (eGFR ≥30 mL/min/1.73 m2) or mild hepatic impairment (Child-Pugh A classification (calculator 1 and calculator 2)), the starting dose is 49/51 mg twice daily. After two to four weeks, the dose is doubled to the target maintenance dose of 97/103 twice daily, as tolerated by the patient.●For patients with severe renal impairment (eGFR <30 mL/min/1.73 m2) or moderate hepatic impairment (Child-Pugh B classification), the starting dose is 24/26 mg twice daily. The dose is doubled every two to four weeks to the target maintenance dose of 97/103 mg twice daily, as tolerated by the patient. Use in patients with severe hepatic impairment is not recommended.



2017 ACC/AHA Focused Update of 
Heart Failure Guidelines  

In patients with chronic symptomatic 
HFrEF NYHA class II or III who 
tolerate an ACE inhibitor or ARB, 
replacement by an ARNI is recommended  
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Ivabradine is a new therapeutic agent that selectively inhibits the If current in the sinoatrial node, providing heart rate reduction. One RCT demonstrated the efficacy of ivabradine in reducing the composite endpoint of cardiovascular death or HF hospitalization (38). The benefit of ivabradine was driven by a reduction in HF hospitalization. The study included patients with HFrEF (New York Heart Association [NYHA] class II-IV, albeit with only a modest representation of NYHA class IV HF) and left ventricular ejection fraction (LVEF) #35%, in sinus rhythm with a resting heart rate of $70 bpm. Patients enrolled included a small number with paroxysmal atrial fibrillation (



Sacubitril-Valsartan in HFpEF? 

• PARAGON-HF 
– ~4800 Patients 
– NYHA Class II-IV 
– Completion date: May, 2019 



Newer Heart Failure 
Therapies 

Target: Heart rate 



Heart Rate as a Target of HF 
Therapy: 

• Elevated heart rate in HFrEF: 
– Associated with worse CV outcomes 
– Reflects activation of the sympathetic nervous system 

 
• Detrimental effects of elevated heart rate: 

– Increased myocardial oxygen consumption and shear 
stress 

– Reduced myocardial perfusion 
 

• Is heart rate a determinant of prognosis or simply 
a marker of sympathetic activation? 
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Heart rate reduction is a potential therapeutic target in patients with heart failure with reduced ejection fraction (HFrEF) since an elevated heart rate is associated with worse cardiovascular outcomes. An elevated heart rate reflects, in part, activation of the sympathetic nervous system and withdrawal of parasympathetic activity, which are components of the neurohumoral response to HF [2]. An elevated plasma norepinephrine concentration is a marker for poor survival in these patients [3]. It has been unclear whether heart rate is a determinant of prognosis, or simply a marker for increased sympathetic tone. While the relative contributions of increased heart rate versus the underlying neurohumoral abnormalities are difficult to determine, the beneficial effects of ivabradine, an agent that acts solely by decreasing heart rate (discussed below), suggests that an elevated heart rate, per se, contributes to adverse outcomes in patients with HFrEF. Possible detrimental effects of elevated heart rate include heart rate-related increases in myocardial oxygen consumption and shear stress and decreases in myocardial perfusion [



Heart rate lowering drugs: 
• Beta blockers 

– Carvedilol, metoprolol succinate, bisoprolol decrease all-
cause mortality 

– Unwanted side effects: hypotension, decreased 
inotropy 
 

• Digoxin 
– Anti-sympathetic and pro-sympathetic effects 
– Reduces risk of hospitalization in HFrEF 

 
• Diltiazem, verapamil  

– Negative inotropic effects and reduce heart rate 
– No benefit in HFrEF 
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While some heart rate lowering drugs are beneficial in patients with HFrEF, various types of heart rate lowering drugs have differing mechanisms of action, as well as differing effects on outcomes in patients with HFrEF.Beta blockers and ivabradine both decrease heart rate and improve clinical outcomes in patients with HFrEF, but they have different mechanisms of action as discussed below. For both drugs, there is evidence that clinical benefit is related to heart rate lowering, although beta blockers likely have other beneficial effects. (See "Use of beta blockers in heart failure with reduced ejection fraction".)Digoxin has anti-sympathetic and pro-parasympathetic actions that may reduce the heart rate in patients with HFrEF who are in sinus rhythm [4], although there is no evidence that a change in heart rate contributes to its clinical benefit. In patients with HFrEF, digoxin reduces the risk of hospitalization for HF. As digoxin exerts multiple effects on cardiovascular function and neurohumoral activity, it is unclear whether the modest decrease in heart rate contributes to the overall clinical effects of the drug. (See "Use of digoxin in heart failure with reduced ejection fraction".)Non-dihydropyridine calcium channel blockers (eg, diltiazem and verapamil) have negative inotropic effects and reduce heart rate in patients in sinus rhythm or atrial fibrillation but are not beneficial in patients with HFrEF. Since calcium channel blockers provide no direct clinical benefit in patients with HFrEF, these agents are generally avoided in this clinical setting. (See "Calcium channel blockers in heart failure with reduced ejection fraction".)The mechanism of benefit from beta blocker therapy in patients with HFrEF is likely related to reducing detrimental effects of catecholamine stimulation including elevated heart rate, increased myocardial energy demands, adverse remodeling due to cardiac myocyte hypertrophy and death, interstitial fibrosis, impaired beta-adrenergic signaling, arrhythmia promotion, and stimulation of other detrimental systems such as the renin-angiotensin-aldosterone axis [4,5]. The sympathetic nervous system is activated in patients with asymptomatic left ventricular dysfunction, and further activated in patients with symptoms [6]. An elevated plasma norepinephrine concentration is a marker for poor survival in patients with HFrEF
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Stable CAD BackgroundIvabradine specifically inhibits the I f current in the sinoatrial node to lower heart rate, without affecting other aspects of cardiac function. We aimed to test whether lowering the heart rate with ivabradine reduces cardiovascular death and morbidity in patients with coronary artery disease and left-ventricular systolic dysfunction.MethodsBetween December, 2004, and December, 2006, we screened 12 473 patients at 781 centres in 33 countries. We enrolled 10 917 eligible patients who had coronary artery disease and a left-ventricular ejection fraction of less than 40% in a randomised, double-blind, placebo-controlled, parallel-group trial. 5479 patients received 5 mg ivabradine, with the intention of increasing to the target dose of 7·5 mg twice a day, and 5438 received matched placebo in addition to appropriate cardiovascular medication. The primary endpoint was a composite of cardiovascular death, admission to hospital for acute myocardial infarction, and admission to hospital for new onset or worsening heart failure. We analysed patients by intention to treat. The study is registered with ClinicalTrials.gov, number NCT00143507.FindingsMean heart rate at baseline was 71·6 (SD 9·9) beats per minute (bpm). Median follow-up was 19 months (IQR 16–24). Ivabradine reduced heart rate by 6 bpm (SE 0·2) at 12 months, corrected for placebo. Most (87%) patients were receiving β blockers in addition to study drugs, and no safety concerns were identified. Ivabradine did not affect the primary composite endpoint (hazard ratio 1·00, 95% CI 0·91–1·1, p=0·94). 1233 (22·5%) patients in the ivabradine group had serious adverse events, compared with 1239 (22·8%) controls (p=0·70). In a prespecified subgroup of patients with heart rate of 70 bpm or greater, ivabradine treatment did not affect the primary composite outcome (hazard ratio 0·91, 95% CI 0·81–1·04, p=0·17), cardiovascular death, or admission to hospital for new-onset or worsening heart failure. However, it did reduce secondary endpoints: admission to hospital for fatal and non-fatal myocardial infarction (0·64, 95% CI 0·49–0·84, p=0·001) and coronary revascularisation (0·70, 95% CI 0·52–0·93, p=0·016).InterpretationReduction in heart rate with ivabradine does not improve cardiac outcomes in all patients with stable coronary artery disease and left-ventricular systolic dysfunction, but could be used to reduce the incidence of coronary artery disease outcomes in a subgroup of patients who have heart rates of 70 bpm or greater.and LV dysfunction
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Mechanism of Action of Ivabradine (A) Ivabradine’s primary mechanism of action on cardiac tissue is on the sinoatrial (SA) node, which occupies a predominantly subepicardial position at the junction of the superior vena cava (SVC) and the right atrium (RA). (B) In the sinoatrial node, ivabradine blocks the intracellular aspect of the hyperpolarization-activated cyclic nucleotide–gated (HCN) transmembrane channel, which is responsible for the transport of sodium (Na+) and potassium (K+) ions across the cell membrane, in the open state. This results in inhibition of the inward funny current (If), which is specifically activated at hyperpolarized membrane potentials. (C) By selectively inhibiting If, there is a reduction in the slope of diastolic depolarization of the pacemaker action potential (shaded region) and an increase in the duration of diastole, without altering other phases of the action potential. This results in heart rate reduction. Ao = aorta; IVC = inferior vena cava; PA = pulmonary artery; RV = right ventricleThe pacemaker current (or If, or IKf, also referred to as the funny current) is an electric current in the heart that flows through the HCN channel or pacemaker channel. Such channels are important parts of the electrical conduction system of the heart and form a component of the natural pacemaker.First described in the late 1970s in Purkinje fibers and sinoatrial myocytes, the cardiac pacemaker "funny" (If) current has been extensively characterized and its role in cardiac pacemaking has been investigated.[1][2][3] Among the unusual features which justified the name "funny" are mixed Na+ and K+ permeability, activation on hyperpolarization, and very slow kineticsThe funny current is highly expressed in spontaneously active cardiac regions, such as the sinoatrial node (SAN, the natural pacemaker region), the atrioventricular node (AVN) and the Purkinje fibres of conduction tissue. The funny current is a mixed sodium–potassium current that activates upon hyperpolarization at voltages in the diastolic range (normally from −60/−70 mV to −40 mV). When, at the end of a sinoatrial action potential, the membrane repolarizes below the If threshold (about −40/−50 mV), the funny current is activated and supplies inward current, which is responsible for starting the diastolic depolarization phase (DD); by this mechanism, the funny current controls the rate of spontaneous activity of sinoatrial myocytes, and thus the cardiac rate. Another unusual feature of If is its dual activation by voltage and by cyclic nucleotides. Cyclic adenosine monophosphate (cAMP) molecules bind directly to f-channels and increase their open probability.[4] cAMP dependence is a particularly relevant physiological property, since it underlies the If-dependent autonomic regulation of heart rate. Sympathetic stimulation raises the level of cAMP-molecules which bind to f-channels and shift the If activation range to more positive voltages; this mechanism leads to an increase of the current at diastolic voltages and therefore to an increase of the steepness of DD and heart rate acceleration. Parasympathetic stimulation (which acts to increase probability of potassium channels opening but decreases the probability of calcium channel opening) decreases the heart rate by the opposite action, that is by shifting the If activation curve towards more negative voltages. When vagally-released acetylcholine (ACh) binds to muscarinic M2 receptors, which promotes dissociation of βγ subunit complexes, leading to direct opening of the G-protein–gated inwardly rectifying K+ channel �Click here for information on Normal and Abnormal Blood Pressure, a textbook published by Richard E. Klabunde (2013)� �HomeContentsTutorials/QuizzesGlossarySearchAuthorSinoatrial Node Action Potentials Cells within the sinoatrial (SA) node are the primary pacemaker site within the heart. These cells are characterized as having no true resting potential, but instead generate regular, spontaneous action potentials. Unlike non-pacemaker action potentials in the heart, and most other cells that elicit action potentials (e.g., nerve cells, muscle cells), the depolarizing current is carried into the cell primarily by relatively slow Ca++ currents instead of by fast Na+ currents. There are, in fact, no fast Na+ channels and currents operating in SA nodal cells. This results in slower action potentials in terms of how rapidly they depolarize. Therefore, these pacemaker action potentials are sometimes referred to as "slow response" action potentials. SA nodal action potentials are divided into three phases. Phase 4 is the spontaneous depolarization (pacemaker potential) that triggers the action potential once the membrane potential reaches threshold between -40 and -30 mV). Phase 0 is the depolarization phase of the action potential. This is followed by phase 3 repolarization. Once the cell is completely repolarized at about -60 mV, the cycle is spontaneously repeated.The changes in membrane potential during the different phases are brought about by changes in the movement of ions (principally Ca++and K+, and to a lesser extent Na+) across the membrane through ion channels that open and close at different times during the action potential. When a channel is opened, there is increased electrical conductance (g) of specific ions through that ion channel. Closure of ion channels causes ion conductance to decrease. As ions flow through open channels, they generate electrical currents (i or I) that change the membrane potential. In the SA node, three ions are particularly important in generating the pacemaker action potential. The role of these ions in the different action potential phases are illustrated in the above figure and described below:At the end of repolarization, when the membrane potential is very negative (about -60 mV), ion channels open that conduct slow, inward (depolarizing) Na+ currents. These currents are called "funny" currents and abbreviated as "If". These depolarizing currents cause the membrane potential to begin to spontaneously depolarize, thereby initiating Phase 4. As the membrane potential reaches about -50 mV, another type of channel opens. This channel is called transient or T-type Ca++ channel. As Ca++ enters the cell through these channels down its electrochemical gradient, the inward directed Ca++ currents further depolarize the cell. When the membrane depolarizes to about -40 mV, a second type of Ca++ channel opens. 



• 6500 Patients randomized to Ivabradine vs Placebo 
 

• Symptomatic HF, LVEF ≤ 35% 
 

• Sinus rhythm, HR ≥ 70 bpm 
 

• Admitted to hospital for HF within previous year 
 

• On medical therapy for HF, including beta blocker 
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2010SummaryBackground Chronic heart failure is associated with high mortality and morbidity. Raised resting heart rate is a riskfactor for adverse outcomes. We aimed to assess the effect of heart-rate reduction by the selective sinus-node inhibitorivabradine on outcomes in heart failure.Methods Patients were eligible for participation in this randomised, double-blind, placebo-controlled, parallel-groupstudy if they had symptomatic heart failure and a left-ventricular ejection fraction of 35% or lower, were in sinusrhythm with heart rate 70 beats per min or higher, had been admitted to hospital for heart failure within the previousyear, and were on stable background treatment including a β blocker if tolerated. Patients were randomly assigned bycomputer-generated allocation schedule to ivabradine titrated to a maximum of 7・5 mg twice daily or matchingplacebo. Patients and investigators were masked to treatment allocation. The primary endpoint was the composite ofcardiovascular death or hospital admission for worsening heart failure. Analysis was by intention to treat. This trial isregistered, number ISRCTN70429960.Findings 6558 patients were randomly assigned to treatment groups (3268 ivabradine, 3290 placebo). Data wereavailable for analysis for 3241 patients in the ivabradine group and 3264 patients allocated placebo. Median follow-upwas 22・9 (IQR 18–28) months. 793 (24%) patients in the ivabradine group and 937 (29%) of those taking placebo hada primary endpoint event (HR 0・82, 95% CI 0・75–0・90, p<0・0001). The eff ects were driven mainly by hospitaladmissions for worsening heart failure (672 [21%] placebo vs 514 [16%] ivabradine; HR 0・74, 0・66–0・83; p<0・0001)and deaths due to heart failure (151 [5%] vs 113 [3%]; HR 0・74, 0・58–0・94, p=0・014). Fewer serious adverse eventsoccurred in the ivabradine group (3388 events) than in the placebo group (3847; p=0・025). 150 (5%) of ivabradinepatients had symptomatic bradycardia compared with 32 (1%) of the placebo group (p<0・0001). Visual side-eff ects(phosphenes) were reported by 89 (3%) of patients on ivabradine and 17 (1%) on placebo (p<0・0001).Interpretation Our results support the importance of heart-rate reduction with ivabradine for improvement of clinicaloutcomes in heart failure and confi rm the important role of heart rate in the pathophysiology of this disorder.



• Primary endpoint: composite of cardiovascular 
death or hospital admission for worsening heart 
failure 
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In the ‘Systolic Heart failure treatment with the I(f) inhibitor ivabradine Trial’ (SHIFT), 6505 outpatients with chronic HF in sinus rhythm, with LVEF ≤35% and HR ≥70 b.p.m., hospitalized for HF in the previous year, were randomized to a target dose of 7.5 mg ivabradine twice daily on top of conventional therapy.8, 11 A post‐hoc analysis including 98% of patients revealed that at baseline 26.5% of patients received medium to high doses of beta‐blockers, and 23% of patients received target or supratarget doses of beta‐blockers.22 Despite the difference in dose, HR was similar in these two categories (79.1 and 78.9 b.p.m.). The SHIFT trial may have selected patients relatively unresponsive to beta‐blocker therapy, given the protocol requirement of optimized HF therapy and a baseline HR ≥70 b.p.m.After a median follow‐up of 22.9 months, treatment with ivabradine reduced the primary composite endpoint of CV death or worsening HF by 18% (Table 2). This effect was mostly due to a favourable effect on HF events (hospitalization or death). All‐cause and CV mortality as well as sudden death were not significantly reduced by the drug. The incidence of AF increased slightly among patients assigned to ivabradine vs. placebo (9% vs. 8%), though this may have been a function of a prior history of AF in the patients so affected (unpublished observation).



Ivabradine: SHIFT Trial 

Net reduction in HR 
10.9 BPM 
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At 28 days, heart rate in the ivabradine group fell by a mean of 15.4 beats per minute, which was a net reduction of 10.9 beats per minute when corrected for change in the placebo group. Patients in the ivabradine group with an achieved heart rate less than 60 bpm at 28 days had fewer primary end point events than those with higher heart rates



Presenter
Presentation Notes
At median f/u of 2 years , ivbradine therapy was associated with a 5% absolute reduction in the primary endpoint, driven both by a 5% absolute reduction in hospitalization for heart failure and a 2% absolute reduction in heart mortality (with trends towards improved all-cause mortality. 





Ivabradine: FDA approval 2015  
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Heart rate reduction is a potential therapeutic target in patients with heart failure with reduced ejection fraction (HFrEF) since an elevated heart rate is associated with worse cardiovascular outcomes. An elevated heart rate reflects, in part, activation of the sympathetic nervous system and withdrawal of parasympathetic activity, which are components of the neurohumoral response to HF [2]. An elevated plasma norepinephrine concentration is a marker for poor survival in these patients [3]. It has been unclear whether heart rate is a determinant of prognosis, or simply a marker for increased sympathetic tone. While the relative contributions of increased heart rate versus the underlying neurohumoral abnormalities are difficult to determine, the beneficial effects of ivabradine, an agent that acts solely by decreasing heart rate (discussed below), suggests that an elevated heart rate, per se, contributes to adverse outcomes in patients with HFrEF. Possible detrimental effects of elevated heart rate include heart rate-related increases in myocardial oxygen consumption and shear stress and decreases in myocardial perfusion [4].



Ivabradine: Adverse effects 

• Symptomatic and asymptomatic 
bradycardia 

• Visual disturbance (phosphenes) 



Ivabradine – Drug interactions 



2017 ACC/AHA Focused Update 
of Heart Failure Guidelines  

Ivabradine can be beneficial to reduce HF 
hospitalization for patients with symptomatic (NYHA 
class II-III) stable chronic HFrEF (LVEF ≤ 35%) 
who are receiving GDEM, including a beta blocker and 
who are in sinus rhythm with a HR of ≥ 70 bpm 
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