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Since the prevalence of heart failure (HF) increases with age, HF is now one of the most common reasons for the
hospitalization of elderly people. Although the treatment strategies and overall outcomes of HF patients have improved
over time, hospitalization and mortality rates remain elevated, especially in developed countries where populations are

aging.
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1. Mechanisms of Action of the Classical Therapy in Chronic Heart Failure
Patients

Beta-blockers bind to B adrenergic receptors (B;i-receptors located in the heart and kidneys; Bo-receptors located in the
vessels, lungs, gastrointestinal tract, liver, uterus, and skeletal muscle; B3-receptors located in the adipocytes). By binding
toP;-receptors, they block the deleterious actions of catecholamines: noradrenaline and adrenaline . As a result, the
heart rate and the contractility decrease and thus, the cardiac output and blood pressure will also decrease. As the heart
rate will decrease, this will allow a longer time for diastolic filling, without typically reducing the stroke volume. Moreover,
certain beta-blockers (cardioselective ones) will also reduce rennin secretion (via the blockade of [; receptors in the
juxtaglomerular apparatus), thus decreasing the severity of angiotensin Il-induced vasoconstriction and aldosterone-
induced volume expansion [&. They are classified into noncardioselective beta-blockers (e.g., propranolol, carvedilol, and
labetalol) and cardioselective beta-blockers (3;-selective, e.g., atenolol, metoprolol, bisoprolol and nebivolol). Certain
beta-blockers are associated with vasodilating properties (nebivolol improves nitric oxide release, whereas carvedilol and
labetalol block the a;-receptor). The vasodilating properties are beneficial because they decrease the peripheral vascular
resistance, thus improving stroke volume, left ventricular function and therefore, cardiac output [,

ACEls selectively inhibit the angiotensin-converting enzyme leading to decreased angiotensin Il production and, therefore,
limit its negative effects, such as vasoconstriction, antidiuretic hormones, and aldosterone secretion. Moreover, ACEls will
increase the levels of the potent vasoactive peptide bradykinin, an endogenous vasodilator. Thus, ACEIls will induce
vasodilatation, decreasing the total peripheral resistance (both arterial and venous) and blood pressure. In this way, they
decrease the left ventricular afterload, thus increasing cardiac output and decreasing filling pressures (both left and right),
which will improve pulmonary and systemic venous congestion &I,

ARBs work on the same angiotensin pathway, the difference being the fact that they bind to AT1 receptors located on the
vascular smooth muscle, as well as in other tissues (e.g., heart) and thus, they block the damaging actions of angiotensin
Il. They induce less vasoconstriction and antidiuretic hormone and aldosterone secretion and lower blood pressure.
Therefore, as well as ACEls, they prevent damage to the vasculature, heart and kidneys .

As in some cases, the ACEIls or ARBs do not suppress the excessive formation of aldosterone sufficiently, patients with
moderate to severe heart failure can also benefit from aldosterone antagonists. MRAs work by competitively blocking the
binding of aldosterone to the mineralocorticoid receptor, thus decreasing the reabsorption of sodium and water, as well as
decreasing the excretion of potassium, leading to cardioprotective effects I,

Loop diuretics act by inhibiting the luminal sodium-potassium chloride cotransporter located in the thick ascending limb of
the loop of Henle, where approximately 20-30% of the filtration of sodium occurs. Therefore, compared with other
diuretics, loop diuretics reduce the reabsorption of a much greater proportion of sodium, leading to the excretion of it,
alongside water. This will decrease the plasma volume, cardiac workload, and oxygen demand, thereby relieving the signs



and symptoms of volume excess. They are currently used to relieve symptoms associated with pulmonary congestion and
peripheral edema in HF patients [,

If the patient is intolerant to ACEIs/ARBs/ARNIs, other vasodilators can be used, such as isosorbide dinitrate or
hydralazine. Isosorbide dinitrate acts by releasing nitric oxide into the vascular smooth muscle cell, which activates
guanylyl cyclase (an enzyme that catalyzes the formation of cyclic guanosine monophosphate-cGMP from guanosine
triphosphate—GTP). Therefore, the increased intracellular cGMP will activate a series of reactions, which will decrease the
intracellular calcium and thus, the contractility of vascular smooth muscle, leading to smooth muscle relaxation and
vasodilatation. Hydralazine also acts on the vascular smooth muscle, with multiple effects such as the stimulation of nitric
oxide release from the vascular endothelium (with cGMP production and low-intracellular calcium concentration), opening
of potassium channels and inhibition of calcium release from the sarcoplasmic reticulum, thus inducing smooth muscle
relaxation and subsequent vasodilatation €,

Digoxin increases cardiac muscle cells’ contractility by inhibiting Na*/K*/ATPaze pump in the cardiac muscle, a pump
responsible for moving sodium ions out of the cells and bringing potassium ions into the cells. When sodium
concentrations in the cardiac cell increases, another electrolyte mover known as the sodium-calcium exchanger pushes
the excess of the sodium ions out, while bringing additional calcium ions in. Therefore, the intracellular calcium increases,
which will later increase the force of contraction and thus the cardiac output. Cardiac output increases followed by a
decrease in ventricular filling pressures. Moreover, it inhibits the atrio-ventricular node, by stimulating the parasympathetic
nervous system. Therefore, it diminishes the electrical conduction in the AV node and thus the heart rate. However, it has
not been shown to reduce mortality (4.,

Ivabradine acts by blocking the I current channel, responsible for the cardiac peacemaker, which regulates the heart rate.
In this way, it prolongs the diastolic time and decreases the heart rate without affecting myocardial contraction/relaxation
or ventricular repolarization [&l.

| 2. New Approaches in Heart Failure Pharmacological Treatment
2.1. Sacubitril/Valsartan

The combination of sacubitril and valsartan is the first from the class of angiotensin receptor—neprilysin inhibitors (ARNI).
Agents in this new therapeutic class (sacubitril/valsartan) act at the level of RAAS and the neutral endopeptidase system.
Sacubitril acts by inhibiting neprilysin and slowing down the degradation of natriuretic peptides, bradykinin,

adrenomedullin, and other peptides . It is indicated in chronic symptomatic heart failure with reduced ejection fraction
[10],

Sacubitril/valsartan also improves symptom severity and heart functionality in patients with HFpEF, reducing the serum
levels of the biomarker NT-pro BNP (and increasing BNP), an indicator of heart failure severity, and improves quality of life
after 24 weeks (11,

One of the largest HF trials ever performed (PARADIGM-HF trial) compared enalapril with sacubitril/valsartan. In this trial,
8442 patients with HFrEF with FEVS < 40% were enrolled and randomly received enalapril or sacubitril/valsartan twice
daily. The trial was stopped early after 27 months because sacubitril/valsartan met the pre-specified stopping endpoint for
an overwhelming benefit. All of the outcomes showed a 20% lower event rate in favor of sacubitril/valsartan; even the
death rate from any cause was 16% lower in the group receiving sacubitril/valsartan 2. ARNIs have been associated

with improvements in diastolic function, left ventricular function, quality of life and decrease in ventricular arrythmias L]
[24]

In the PROVE-HF and EVALUATE-HF trials, sacubitril/valsartan showed efficacy in improving the structural and functional
changes that occur during heart failure. It improves cardiac remodeling and decreases the biomarker NT-pro BNP, so the
drug reverses the damage to the heart in HFrEF patients 23],

Sacubitril/valsartan is recommended to replace ACE inhibitors when HFrEF patients are still symptomatic after optimal
therapy. When initiating therapy with sacubitril/valsartan, there are some safety issues, including symptomatic
hypotension, angioedema, and risk of hyperkalemia, so monitoring blood pressure levels, kidney function, and kalemia is
extremely important 198 Although the new combination was approved for the market starting from 2015, it is currently
still underused, despite its proven benefits 14,



Figure 1 presents the mechanism of action of sacubitril/valsartan association and its consequences LAILLI12|[13][14][15][16]
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Figure 1. Neurohumoral imbalance in heart failure.
2.2. Sodium Glucose Co-Transporter-2 Inhibitors

It is known that patients with type 2 diabetes mellitus (T2DM) are prone to developing cardiovascular events and heart
failure, which can lead to high rates of hospitalization and premature mortality L],

A new class of antidiabetics, sodium glucose co-transporter-2 (SGLT2) inhibitors, has also been found to have beneficial
effects in patients with cardiac diseases 2220, The compounds in this class are represented by empaglifiozin,
dapagliflozin, canagliflozin, and ertuglifiozin 21, They act by inhibiting glucose transport in the proximal tube of the kidney,
resulting in glucosuria and, as a result, lower blood glucose levels 18],

Aside from the direct mechanism of action on glucose control, other indirect mechanisms are taken into account regarding
possible cardiovascular benefits (22,

In Figure 2, researchers summarize the possible mechanisms involved, their actions, and their effect on the heart 221231,
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Figure 2. Mechanisms, actions and effects of SGLT2 inhibitors on the heart.

The main trials reporting the benefits of SGLT2 inhibitors in HF patients with reduced EF, more precisely of dapagliflozin
and empagliflozin, are as follows: DAPA-HF (24, DEFINE-HF 23] and EMPEROR-reduced 28],

The DAPA-HF trial evaluated the long-term effects of dapagliflozin on the incidence of cardiovascular death or HF
hospitalization, regardless of the presence of diabetes. It was a phase 3 randomized placebo-controlled study, enrolling
4744 patients suffering from chronic HFrEF (NYHA class II-1V, LVEF < 40% in addition to the recommended HF therapy,
NT-proBNP high and eGFR = 30 mL/min/1.73 m?) and having a median period of 18 months. The obtained results were
as follows: a reduction in all-cause mortality and HF symptom aggravation, and the improvement in physical condition and
overall quality of life. Their excellent benefits were seen very soon after starting the treatment with dapagliflozin.
Regarding the incidence of adverse effects, they were attributed to volume depletion, renal dysfunction or hypoglycemia,
but they did not differ between the studied groups 24!,

The DEFINE-HF trial assessed the effect of dapaglifiozin on the symptoms and biomarker plasmatic concentration of
HFrEF patients (NYHA class II-lll, LVEF < 40%, eGFR = 30 mL/min/1.73 m? and with elevated natriuretic peptides). In
total, 263 patients were included (taking either dapagliflozin 10 mg/once, daily, or a placebo, for a period of 12 weeks, in
addition to the recommended HF therapy). Dapagliflozin induced an improvement in the patients’ health conditions or in
their natriuretic peptides’ plasmatic concentrations 22,

The EMPEROR-reduced clinical trial evaluated the outcome of empagliflozin in patients with chronic HFrEF (NYHA class
-1V, LVEF < 40%, eGFR = 20 mL/min/1.73 m?). It was a double-blind clinical trial involving 3730 patients who received
either empagliflozin (10 mg/once daily) or a placebo, in addition to the recommended HF therapy, for a median period of
18 months. Cardiovascular death and hospitalization rates (due to the worsening of HF) were reduced by empagliflozin,
regardless of the presence of diabetes mellitus. The annual decline in the renal filtration rate was reduced, as well as the
severity of renal complications. Non-complicated fungal infections of the genital tract were reported more often in patients
taking empagliflozin 28,

Therefore, both substances are included as recommend treatments for HFrEF patients by the American and European
guidelines [271(28],

The EMPEROR-preserved study assessed the effects of empagliflozin in patients with chronic HFpEF (NYHA class II-1V,
LVEF = 40%, eGFR = 20 mL/min/1.73 m2). In total, 5988 patients were included, who were randomized 1:1 and received
either empagliflozin (10 mg/once daily) or a placebo, in addition to their classical HF therapy. Over a period of 26.2



months, the primary outcome was obtained (decreased risk of hospitalization in HF patients, regardless of the
presence/absence of diabetes). Beneficial effects were also seen in eGFR, without considering the renal outcomes by
themselves. It is important to note the fact that the most used medicines for HFrEF have not shown benefits in patients
with HFpEF; therefore, empagliflozin is superior in improving HF outcomes even in patients with HFpEF, which are
symptomatic and stable (221391,

In Table 1, reseachers summarize the indications, contra-indications and cautions worth considering for ARNI and SGLT2
inhibitors [28],

Table 1. The indications, contra-indications and cautions for ARNI and SGLT2 inhibitors.

ARNI

« HFrEF (<40%)

SGLT2 Inhibitors

= HFrEF (<40%) *+ diabetes mellitus

Indications = NYHA class II-IV
- Alternative of ACEI/ARB " NYHA class Il-IV
. . - hypersensitivity to the active substance
- hypersensitivity to the active substances .
: . - type | diabetes
Contra- - history of angioedema - dialysis
Indications - severe hepatic impairment - 6GFR < 30 mL/min/1.73 m? (dapaglifiozin)
- - eGFR < 20 mL/min/1.73 m2 (empagliflozin)
¢ severe renal impairment (starting dose: 24/26 ¢ high r isk o.f gem.t al infections (especially mycotic)
and urinary infections
mg x 2/day) .
- . . ¢ hypovolemia
¢ moderate hepatic impairment (starting dose: - .
24126 mg x 2/day) ¢ ketoacidosis
Cautions 9 y ¢ acute renal impairment

¢ SBP <100 mmHg
¢ volume depletion
¢ renal artery stenosis

¢ necrotizing fasciitis of the perineum (Fournier
gangrene)
¢ bladder cancer

¢ pregnancyl/lactation o pregnancy

| 3. Treatment Strategies in Heart Failure Patients

For the treatment of heart failure with preserved ejection fraction or with mildly reduced ejection fraction (LVEF = 50% or
LVEF between 40 and 49), the guidelines recommend the prescription of diuretics, as first line therapy 24. The other
drugs (ACEI or ARB, beta-blockers or MRA) may be considered as a second alternative 22,

The treatment strategy also focuses on treating co-morbidities such as: hypertension, atrial fibrillation, cardiac ischemic
disease, pulmonary hypertension, diabetes mellitus, chronic kidney disease, COPD (chronic obstructive pulmonary
disease), anemia and obesity. The optimal management of co-morbidities has been shown to improve symptoms and to
improve the patient’s quality of life 211,

In the case of congestion, diuretics will be very effective and will improve the symptomatology. There is proof that
nebivolol, candesartan, digoxin and spironolactone might reduce hospitalization for patients with HFpEF in sinus rhythm
1321 Moreover, besides empagliflozin, none of other drugs consistently met their primary endpoint in the clinical trials that
were performed, and none reduced mortality and morbidity 2239,

For patients in atrial fibrillation, the prescription of an anticoagulant is very important for reducing thrombo-embolic events
83 For the control of heart rate, the use of digoxin, beta-blockers or verapamil/diltiazem is recommended, targeting an
optimal rate control between 60 and 100 bpm 241,

Amiodarone and non-dihydropyridine calcium-channel blockers (CCB) are able to reduce heart rate, but due to their
adverse effects profile, they should be replaced, if possible. In the case of a fast ventricular rate and symptoms, it might
be appropriate to consider AV node ablation, and if there are indications for ICD (implantable cardioverter-defibrillator), AV
node ablation with the implantation of CRT-D (cardiac resynchronization therapy—defibrillator) might be preferred. The
rhythm control strategy has not been shown to be superior to the rate control strategy. Urgent cardioversion is indicated if
atrial fibrillation is life threatening 22!,

Regarding HFrEF treatment, the evidence base for drug treatment in HF is for HFrEF. Either an ACEI/ARB/ARNI or a
beta-blocker should be started (sometimes also ACEI/ARB/ARNI and beta-blocker at the same time), with doses up-
titrated to the maximum tolerated/targeted dose every 2 weeks. ACEI, beta-blockers and MRA proved to improve survival
and are recommended for the treatment of every patient with HFrEF. The new ARNI (sacubitril/valsartan) has been shown



to be superior to ACEI in reducing the risk of death and hospitalization. Thus, ARNI is recommended to replace ACEI in
cases of HFrEF patients if they are symptomatic despite optimal therapy £.

In the case of decompensated patients, beta-blockers should not be initiated or if already initiated but patients develop
worsening of HF symptoms (e.g., fatigue, dyspnea, dizziness or erectile dysfunction) caution should be applied regarding
their prescription. Moreover, in the case of frailty or other complications (e.g., marginal hemodynamics), a longer period of
time may be required for dose up-titration (28],

ARNI can be prescribed as an alternative to ACEI/ARB intolerance (e.g., angioedema) or in the absence of hypotension,
electrolyte or renal imbalance. It is recommended to avoid the association of an ARNI with an ACEI and if previously
administered ACEI, to ensure a 36 h washout period before the initiation of an ARNI, due to the high risk of angioedema
B8] This delay is not required when switching from ARB to ARNI. When up-titrating ARNI/ACEI/ARB (every 2 weeks or
more), the monitoring of the potassium level, renal function and blood pressure is required. Lower loop diuretic doses may
be necessary for the optimal titration of ARNI/ACEI/ARB and caution regarding the potassium concentration is required,
as well as the dietary restriction of/supplementation with potassium, as the kaliuretic effect of loop diuretics might no
longer be present [28],

If the patients have LVEF < 35%, the guidelines recommend the use of MRAs to reduce mortality and hospitalization.
MRAs (e.g., spironolactone or eplerenone) are added in patients with symptomatic chronic HFrEF, as a triple therapy
(ACEI/ARB/ARNI + beta-blockers + MRA), in the absence of contra-indications. It is essential to achieve the targeted
dose of other drugs before initiating the treatment with an aldosterone antagonist and to monitor the potassium levels and
renal function under the treatment [28],

SGLT2 inhibitors can also be added, as part of the quadruple therapy (ACEI/ARB/ARNI + beta-blocker + MRA + SGLT2
inhibitor), in the absence of contra-indications. There is no need to achieve targeted doses of other drugs before adding
SGLT?2 inhibitors, although the loop diuretic dose might require adjustments based on the close monitoring of symptoms
and weight [28],

Isosorbide dinitrate/Hydralazine could be prescribed especially for African American patients once the targeted dose of
ACEI/ARB/ARNI + beta-blockers + MRA has been achieved [28],

The s channel inhibitor ivabradine is recommended in patients with symptomatic HFrEF or LVEF < 35%, in sinus rhythm
and heart rate > 70 bpm, and in patients that have been hospitalized for HF in the last year, despite receiving beta-
blockers at the maximum tolerated dose, ACEI and an MRA. The titration of the dose should be performed every 2 weeks
in order to decrease the heart rate. In the case of patients > 75 years old or in those with a history of conduction defects,
the recommended initial dose is 2.5 mg twice daily, administered with meals (28],
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