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Abstract: Proper therapeutic management of patients with heart failure (HF) is a major challenge 
for cardiologists. Current guidelines indicate to start therapy with angiotensin converting enzyme 
inhibitors/ angiotensin receptor neprilysin inhibitors (ACEi/ARNI), beta blockers (BB), 
mineralocorticoid receptor antagonists and sodium glucose cotransporter 2 inhibitors (SGLT2i) to 
reduce the risk of death and hospitalization due to HF. However, certain aspects still need to be 
defined. Current guidelines propose therapeutic algorithms based on left ventricular ejection 
fraction values and clinical presentations. However, these last do not always reflect the precise 
hemodynamic status of patients and pathophysiologic mechanisms involved, particularly in the 
acute setting. Even in the field of chronic management there are still some critical points to discuss. 
The guidelines do not specify which of the four pillar drugs to start first, nor at what dosage. Some 
authors suggest starting with SGLT2i and BB, others with ACEi or ARNI, while one of the most 
recent approach proposes to start with all four drugs together at low doses. The aim of this review 
is to revise current gaps and perspectives regarding pharmacological therapy management in HF 
patients, in both the acute and chronic phase. 

Keywords: heart failure; acute heart failure; chronic heart failure; left ventricular ejection fraction; 
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1. Introduction 
Proper therapeutic management of patients with heart failure (HF) is a major 

challenge for cardiologists [1–4]. The complexity of HF multifaceted syndrome along with 
the increasing availability of different pharmacological weapons requires standardized 
approaches to maximize the impact of HF therapy on mortality and rehospitalization.  

Current European Society of Cardiology (ESC) and American College of 
Cardiology/American Heart Association (ACC/AHA) guidelines [1,2] indicate starting 
therapy with angiotensin converting enzyme inhibitors/angiotensin receptor neprilysin 
inhibitors (ACEi/ARNI), beta blockers (BB), mineralocorticoid receptor antagonists 
(MRAs) and sodium glucose cotransporter 2 inhibitors (SGLT2i) to reduce the risk of 
death and hospitalization due to HF, in patients with HF with reduced ejection fraction 
(HFrEF).  

However, regarding therapeutic management of HF patients, certain aspects still 
need to be defined: 
i) left ventricular ejection fraction (LVEF) continues to represent the fundamental 
parameter for the diagnosis of HF patients, risk stratification and therapeutic 
management, despite its well-known limitations. Even if both European and American 
guidelines [1,2] proposed a LVEF-based HF classification, defining HFrEF as LVEF ≤40%, 
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HF with mildly reduced EF (HFmrEF) as LVEF between 40 and 49%, and HF with 
preserved EF (HFpEF) as LVEF ≥ 50%, LVEF cut-offs used for the classification have 
varied in the guidelines over the years and a definition of a normal range is still lacking. 
The quantitative calculation of LVEF, defined as LV stroke volume divided by end-
diastolic volume, cannot fully categorize the different types of HF patients, who often 
share similar clinical and prognostic characteristics and would require the same 
management, regardless of this echocardiographic parameter; for instance, various trials 
aimed to show the beneficial effects, in HFpEF patients, of the use of the main drugs 
already approved for HFrEF therapy, such as the Aldosterone Antagonist Therapy for 
Adults With Heart Failure and Preserved Systolic Function (TOPCAT) trial [5]. It 
evaluated Spironolactone vs. placebo and did not prove a significant reduction of primary 
endpoint, composed of cardiovascular death and hospitalization for HF. In addition, in 
the Efficacy and Safety of LCZ696 Compared to Valsartan, on Morbidity and Mortality in 
Heart Failure Patients With Preserved Ejection Fraction (PARAGON-HF) trial, the use of 
ARNI in HFpEF was demonstrated to improve symptoms and to reduce HF 
hospitalization, without significant reduction in mortality rate [6]. Another example is the 
EMPagliflozin outcomE tRial in Patients With chrOnic heaRt Failure With Preserved 
Ejection Fraction (EMPEROR-PRESERVED) trial [7], in which Empaglifozin was shown 
to significantly reduce mortality and hospitalization by HF. These studies emphasized 
how HF patients should be considered mostly on their common underlying 
pathophysiological mechanisms, rather than the pure LVEF value. The guidelines [1,2] 
emphasize a therapeutic management guided by LVEF and patient’s clinical profile [8]. 
However, both approaches have some limitations [9–11]. An approach based only on 
clinical profile can sometimes be misleading and simplistic, particularly in specific 
settings. Indeed, different pathophysiological mechanisms may contribute to the genesis 
of clinically similar scenarios, but they need to be treated differently depending on the 
underlying cause [12–15]. In this regard, a pragmatic approach based on pathophysiology 
and hemodynamic profile [14,15] may be more appropriate, particularly in the 
management of the acute setting; (ii) most of the proposed and discussed approaches for 
managing HF therapy focus on the chronic stable phase, neglecting episodes of acute 
decompensation; (iii) precise indication regarding the timing and sequences of drug 
administration, as well as the titration strategy, is lacking, both in acute and chronic 
settings; (iv) little evidence is provided regarding the therapeutic management of patients 
with HFmrEF, HFpEF and HF with improved EF (HFimpEF) because those patients are 
often excluded from major randomized clinical trials, despite how they may represent a 
large proportion of HF patients. These still unclear points are summarized in Figure 1. 

The aim of this review is to revise current gaps and perspectives regarding 
pharmacological therapy management in HF patients, in both the acute and chronic 
phase. 
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Figure 1. Main current gaps in heart failure pharmacological treatment. HF: heart failure; HFmrEF: 
heart failure with mildly reduced ejection fraction; HFpEF: heart failure with preserved ejection 
fraction; HFimpEF: heart failure with improved ejection fraction. 

2. Acute Heart Failure Management: Is a Change in the Approach Needed? 
The pharmacological management of acute heart failure (AHF) is often neglected by 

current approaches proposed, which focus only on the chronic stable phase of HF. 
However, AHF is often an important part of the HF pathway because it may begin with 
an AHF episode, and rehospitalization due to AHF represents a recurrent event in the 
natural history of HF syndrome, showing a great impact on mortality and life quality [1–
4]. In addition, only a proper management of the acute phase allows rapid introduction 
and up-titration of drugs modifying HF disease and, as suggested by the guidelines [1,2], 
reducing the mortality and HF rehospitalization rates [1,2]. For what concerns the 
therapeutic strategies in AHF setting, current guidelines [1,2] propose different 
algorithms based on the four clinical presentations: acute decompensated heart failure, 
acute pulmonary oedema, isolated right ventricular failure and cardiogenic shock (Table 
1). In this scenario, drugs such as diuretics, inotropes and vasopressors are administered 
according to the prevailing symptoms (i.e., fluid overload, hypotension and acute 
respiratory failure) and clinical presentation.  
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Table 1. Current evidences and indications reported by ESC and ACC/AHA Guidelines regarding 
the treatment of acute and chronic heart failure. 

Pharmacological Treatment of Acute Heart  
Failure 

Pharmacological Treatment of Chronic Heart 
Failure 

ESC 2021 Guidelines ACC/AHA 2022 
Guidelines ESC 2021 Guidelines ACC/AHA 2022 

Guidelines 

Clinical presentation leads 
treatment approach: 

 
-Acute decompensated HF: 
Diuretics for decongestion 

and inotropes for 
hypoperfusion 

 
-Acute pulmonary 

oedema: Oxygen therapy, 
i.v. diuretics and i.v. 

vasodilators to reduce LV 
afterload, if necessary 

 
- Isolated RVF: 

Diuretics for venous 
congestion, noradrenaline 
and/or inotropes for low 

cardiac output and 
hemodynamic instability 

(inotropes reducing 
cardiac filling pressures 

may be preferred) 
 

-Cardiogenic shock:  
Oxygen therapy, 

inotropes/vasopressors, 
MCS 

 
 
 

Treatment approach 
based on 

hemodynamic state:  
 

- Decongestion 
strategy: Hospitalized 
HF patients with fluid 

overload should be 
treated with 

intravenous loop 
diuretics (to titrate 

during hospitalization 
and to adjust before 

discharge) 
 

-Parenteral 
vasodilation therapy: 

Vasodilators to relieve 
pulmonary congestion 

 
-Cardiogenic shock:  

Inotropes, temporary 
MCS 

 
 
 
 
 
 
 
 
 

ACEi/ARNI, BB, MRAs 
and SGLT2i have been 

shown to improve 
survival, reduce the risk 
of HF hospitalizations in 

patients with HFrEF.  
 

- Up-titration of all 
disease-modifying drugs 
to the doses used in the 

clinical trials (or to 
maximally tolerated 
doses if that is not 

possible).  
 

-ARNI may be 
considered as a first-line 

therapy instead of an 
ACEi (de novo patient). 

 
-ARNI are 

recommended as a 
replacement for ACEi in 

patients who remain 
symptomatic on OMT. 

 
-SGLT2i reduced the risk 

of CV death and 
worsening HF in 

patients with HFrEF, 
regardless of diabetes. 

ACEi/ARNI, BB, 
MRAs and SGLT2i 
have been shown to 
improve survival, 

reduce the risk of HF 
hospitalizations in 

patients with HFrEF. 
 

-Disease-modifying 
drugs may be started 

simultaneously at 
initial (low) doses 

(ARNI/ACEi/ARB, BB, 
MRAs, SGLT2i)  

 
-Alternatively, they 

may be started 
sequentially, basing 
on clinical factors, 
without need to 

achieve target dosing 
before initiating next 

medication. 
 

-Medication doses 
should be increased to 

target as tolerated. 
 

-SGLT2i should be 
considered in patients 

with HFpEF 

ESC: European Society of Cardiology; ACC/AHA: American College of Cardiology/American Heart 
Association; HF: heart failure; LV: left ventricular; RVF: right ventricular failure; MCS: mechanical 
circulatory support; ACEi: angiotensin-converting enzyme inhibitors; ARNI: angiotensin receptor 
neprilysin inhibitors; BB: beta blockers; MRAs: mineralocorticoid receptor antagonists; SGLT2i: 
sodium glucose cotransporter 2 inhibitors; HFrEF: heart failure with reduced ejection fraction; OMT: 
optimal medical therapy; CV: cardiovascular; HFpEF: heart failure with preserved ejection fraction. 

However, clinical phenotypes do not always reflect the precise hemodynamic status 
of patients. Furthermore, in the acute setting, LVEF evaluation alone may be misleading 
because it is dependent on fluid load condition and it does not consider the 
pathophysiological bases of the acute decompensation. To overcome these limitations, a 
more pathophysiological, as well as the evaluation of hemodynamic parameters may 
guide therapeutic choices. Stroke volume and stroke volume variation are useful to 
evaluate cardiomyocytes’ recruitment according to fluid filling and the Frank–Starling 
mechanism. For this reason, a hypotensive patient with preserved stroke volume variation 
may respond to fluid filling. In this regard, it is important to specify that this condition of 
fluid responsiveness may be quite different in patients with HF. In fact, rapid fluid filling 
may increase stroke volume without association with hemodynamic improvement and 
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early decongestion, or it may further worsen HF patients’ hemodynamic. The absolute 
and indexed values of systemic vascular resistance (SVR) reflect the compensatory 
hyperactivation of the sympathetic system and, in cases of hemodynamic instability, SVR 
is increased due to reduced myocardial contractility and compensatory vasoconstriction. 
Patients with AHF and increased SVR may benefit from inodilator administration, while 
norepinephrine can be harmful, worsening peripheral vasoconstriction and cardiac 
afterload. Cardiac output and, in particular, cardiac power output (CPO) may help 
clinicians to evaluate responses to therapy in the acute phases, helping to decide how to 
manage inotropes, when to evaluate a mechanical circulatory support or consider 
palliative care [16]. According to the SHOCK trial registry, CPO, defined by mean arterial 
pressure x cardiac output/451, represents the strongest independent hemodynamic 
parameter of cardiogenic-shock-related mortality in the in-hospital setting [17]. Burstein 
et al. evaluated the applicability and the role of CPO measured through 
echocardiography, finding out that non-invasive CPO was inversely related to in-hospital 
mortality in cardiac intensive care unit (ICU) patients and that it represented an 
adjunctive, prognostic parameter to stratify critical cardiac ICU patients [18]. Yildiz et al. 
demonstrated that patients with advanced heart failure, who showed lower CPO at rest, 
were more prone to adverse events. CPO may indeed also be considered a valid 
prognostic parameter for risk stratification in advanced heart failure [19]. Furthermore, 
CPO showed a prognostic role in HFpEF patients in terms of adverse outcomes prediction, 
while other parameters of cardiac performance were not associated with HFpEF patients’ 
prognosis [20]. 

The main studies [21–26] evaluating an approach based on volume status for the 
management of AHF and chronic HF are summarized in Table 2. 

Table 2. Main studies evaluating an approach based on volume status for the management of 
patients with both acute heart failure and chronic heart failure. 

Acute Heart 
Failure Main Findings 

Chronic Heart 
Failure Main Findings 

Leahova-
Cerchez et al. 

[21]  

Integrated approach based 
on clinical (JVD, HJR), 

biological and 
echocardiographic (IVC) 
signs of congestion may 
guide diuretic therapy, 

reducing the risk of renal 
failure in patients >75 years 

old with acute 
decompensated HF  

Khandwalla et 
al. [24] 

Increasing IVC diameter, 
as demonstrated by 

ultrasound, is associated 
with increased risk for HF 
hospitalization and may be 
useful to manage patients. 

Kobayashi et 
al. [22] 

The estimated PV status at 
discharge, on top of classical 

prognostic markers, may 
improve risk stratification for 

the composite outcome of 
rehospitalization due to 

worsening HF and all-cause 
mortality in patients 

admitted due to acute 
decompensated HF  

Miller et al. [25] 

Patients with 
hypervolemia show high 

filling pressure, but 
patients with euvolemia 

may also show high filling 
pressure. This is mainly 

determined by the severity 
of myocardial dysfunction. 
Integrated approach based 

on myocardial function, 
cardiac filling pressure and 

intravascular volume 
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evaluation is needed for 
optimal HF management 

Van Aelst et al. 
[23] 

In patients with AHF, higher 
E/e’, larger left and right 

atria, higher IVC diameter 
with lower variability and 
higher pulmonary artery 

systolic pressure compared 
with non-cardiac dyspnea 

have been demonstrated. The 
biomarkers sCD146 and MR-
proANP, but not BNP, were 

associated with 
echocardiographic 

parameters suggestive of 
venous congestion. The 

venous congestion state in 
acute settings is similar 

between HFrEF and HFpEF, 
despite HFrEF patients 

showing higher BNP values 

Ling et al. [26] 

Relative PV status 
calculation defines how 

patients with CHF deviate 
from their ideal volume 

status, and it is 
independently associated 

with outcomes 

JVD: jugular venous distension; HJR: hepatojugular reflux; IVC: inferior vena cava; HF: heart failure; 
PV: plasma volume; AHF: acute heart failure; MR-proANP: midregional pro-atrial natriuretic 
peptide; BNP: brain natriuretic peptide; HFrEF: heart failure with reduced ejection fraction; HFpEF: 
heart failure with preserved ejection fraction; CHF: chronic heart failure. 

Mostly, AHF episodes are characterized by a state of fluid overload and a treatment 
based on diuretics and vasodilators, and oxygen and/or non-invasive ventilation is 
enough to stabilize patients. However, hypotension and/or end-organ hypoperfusion may 
also occur and, in this case, the use of inotropic and vasopressor agents may be evaluated 
according to the guidelines’ indications [1,2]. Even if it has been shown that the use of 
inotropes may have a negative effect on survival, mainly due to higher oxygen 
consumption and arrhythmic burden, they may contribute to restoring an adequate 
cardiac output, improving organ perfusion. There are three classes of inotropes that may 
be used, namely beta-adrenergic agonists, phosphodiesterase-3 inhibitors (PDE3i) and the 
calcium sensitizer or inodilators. There is a heated debate regarding the type of inotrope 
to be used and the results of randomized controlled trials are often conflicting or 
inconclusive.  

The choice of inotropic agent has to take into account the patient’s hemodynamic and 
pathophysiological profile. For example, in ischemic decompensated HF patients, PDE3i 
Milrinone shows deleterious effects [27], making either Dobutamine or Levosimendan 
preferable. On the other hand, PDE3i Milrinone and Levosimendan are preferred in right 
ventricular HF and pulmonary hypertension since they exert a vasodilatory effect on 
pulmonary circulation [28].  

Levosimendan has peculiar pharmacodynamic effects. It improves the calcium 
sensitization of Troponin C without increasing intracellular calcium concentration. It 
induces vasodilation and diastolic function improvement through its activity as PDE3i, as 
well as adenosine triphosphate potassium (K-ATP) channels activation. Given the 
peculiar pharmacokinetic and pharmacodynamic features, Levosimendan is particularly 
useful to restore short- and medium-term hemodynamic balance in patients with acute 
decompensated HF due to the effects of its metabolites, which may persist up to seven 
days. Several trials demonstrated the rationale of Levosimendan use in the 
pathophysiology and hemodynamics of HF. In a sub-analysis of the Hemodynamic 



J. Clin. Med. 2023, 12, 1020 7 of 16 
 

 

Evaluation of Levosimendan in Patients With pulmonary hypertension-HFpEF (HELP) 
trial, Brener et al. [29] demonstrated that the hemodynamic effects of Levosimendan are 
particularly mediated by venodilation, which reduces myocardial filling pressure 
determining also beneficial effects on glomerular filtration [30]. Furthermore, 
Levosimendan reduces pulmonary capillary wedge pressure (PCWP) and central venous 
pressure [29,31]. In addition, its use is preferred in patients already treated with BB 
because its mechanism of action is independent of the adrenoreceptors. This can be one of 
the causes contributing to lower mortality in patients treated with Levosimendan 
compared with patients treated with Dobutamine in a Survival of Patients With Acute 
Heart Failure in Need of Intravenous Inotropic Support (SURVIVE) trial sub-analysis [32]. 
Moreover, Levosimendan, particularly when administered during AHF, may reduce 
hospitalization length, impacting also on costs [33].  

HF patients, particularly those with recurrent acute decompensation episodes due to 
a labile hemodynamic balance and residual congestion at discharge, do not tolerate 
guideline-directed medical therapy (GDMT). In this scenario, intermittent Levosimendan 
administration has demonstrated to facilitate GDMT optimization [34]. This interesting 
result may be justified considering the pleiotropic hemodynamic effect of Levosimendan. 
In fact, several studies have underlined the role of Levosimendan in stable advanced 
chronic HF and its impact on hemodynamic parameters stabilization. Najjar et al. 
demonstrated [28] a positive hemodynamic effect through the increase of cardiac output, 
a reduction in peripheral vascular resistance and myocardial afterload, as well as 
circulating N-terminal pro B-type natriuretic peptide (NT pro BNP) induced by 
Levosimendan [35]. However, despite positive hemodynamic effect, the use of repetitive 
infusion of Levosimendan in patients with chronic advanced HF provided contrasting 
results [36,37]. The efficacy of Levosimendan may therefore depend on the choice of the 
right administration timing, right hemodynamic profile and disease stage [38].  

The use of diuretics is a cornerstone of AHF treatment. Despite loop diuretics, in 
particular Furosemide, representing the most widely used diuretics to treat congestion, 
several recent trials investigated the role of other diuretics in the acute setting.  

The Acetazolamide in Decompensated heart failure with Volume Overload 
(ADVOR) trial [39] enrolled patients with AHF and fluid overload across the spectrum of 
different LEVF values. It demonstrated that the addition of Acetazolamide, a diuretic 
acting on proximal tubule, to a loop diuretic was associated with improved diuretic 
response and greater successful decongestion incidence, regardless of LVEF [40,41]. The 
Safety and Efficacy of the Combination of Loop with Thiazide-type Diuretics in Patients 
with Decompensated Heart Failure (CLOROTIC) trial [42] demonstrated that the addition 
of hydrochlorothiazide to loop diuretic in AHF patients improved the diuretic response, 
without differences in terms of rehospitalization and mortality. However, treatment with 
hydrochlorothiazide was associated with a significant renal impairment without 
significant potassium imbalances [43].  

The early administration of GDMT in patients hospitalized for AHF was reported by 
several trials. In particular, the effects of SGLT2i in the acute setting were investigated by 
the Study to Test the Effect of Empagliflozin in Patients Who Are in Hospital for Acute 
Heart Failure (EMPULSE) trial [44] and Efficacy and Safety of Dapagliflozin in Acute 
Heart Failure (DICTATE-AHF) [45]. The EMPULSE trial demonstrated that the early 
initiation of Empagliflozin during hospitalization was associated with early and 
prolonged decongestion, as well as clinical improvement [46]. The latter was associated 
with early and durable improvement of life quality, symptoms and physical limitation 
[47].  

Another sub-analysis of the same trial showed that Empagliflozin was effective 
independently by baseline renal function. Moreover, early initiation of Empagliflozin was 
associated with an initial mild renal worsening with consequent recovery of renal function 
and no differences in terms of renal adverse events, compared with patients treated with 
placebo [48].  



J. Clin. Med. 2023, 12, 1020 8 of 16 
 

 

3. Chronic Heart Failure and Current Management Approaches: Is There a Head  
Combination or Are They All the Same? 

According to the current guidelines [1,2], ACEi/ARNI, BB, MRAs and SGLT2i have 
all been proven to reduce mortality and the risk of hospitalization due to HF for all 
patients with HFrEF [49] (Table 1). However, the issue is still open regarding the initiation 
timing, as well as sequencing and up-titration strategies. For instance, it is explicitly 
advised to start the treatment with SGLT2i in all those patients who are already treated 
with the former cornerstone therapies, despite growing evidence showing the beneficial 
role of SGLT2i regardless of the other treatment. Furthermore, in most of the trials that 
have evaluated the efficacy of each molecule, it was not required for the patients to be 
neither on optimal GDMT nor at the up-titrated dose. Indeed, among the most reputed 
trials about SGLT2i, only a minority of patients, 19.4% in the Empagliflozin Outcome Trial 
in Patients With Chronic Heart Failure With Reduced Ejection Fraction (EMPEROR-
Reduced) trial [50] and 10.4% in the Study to Evaluate the Effect of Dapagliflozin on the 
Incidence of Worsening Heart Failure or Cardiovascular Death in Patients With Chronic 
Heart Failure (DAPA-HF) trial [51], were already treated with ARNI. This is a clear 
example of how the timing for an optimized, safe and effective treatment strategy needs 
more evidence in order to be systematized. On this subject, in support of an early use of 
SGLT2i, both the DAPA-HF and EMPEROR-Reduced trials showed significant 
improvement of symptoms and reduction of cardiovascular death after, respectively, 28 
and 12 days from the randomization of mainly ambulatory HF patients treated with 
SGLT2i, regardless of concomitant other HF therapy. This aspect is crucial knowing that 
the first period after discharge, the vulnerable phase, is particularly critical for HF, in 
terms of acute decompensation episodes [52,53]. SGLT2i use is also associated with 
significant improvement of life quality, assessed by the Kansas City Cardiomyopathy 
Questionnaire (KCCQ-12), in HFrEF patients [54]. The impact of SGLT2i on main 
outcomes in HF is mediated by the pleiotropic mechanisms of this class of drugs. The 
mechanisms responsible for cardiovascular system benefits are not completely 
understood and several hypotheses have been postulated, such as blood pressure control 
and diuretic effect. However, the main mechanism may be the switch in myocardial fuel 
utilization away from glucose towards consumption of fatty acids and ketone bodies [55]. 
Santos-Gallego et al. [56] demonstrated that the myocardium metabolic switch induced 
by Empagliflozin was associated with increased levels of ATP and myocardial work 
efficiency. These mechanisms were associated with reduced LV adverse remodelling and 
improved LV systolic function.  

Another gap concerns the possibility to begin ARNI in patients who are not already 
treated with ACEi. In the current Guidelines [1], ARNI are recommended as a replacement 
for an ACEi in patients with HFrEF to reduce the risk of HF hospitalization and death and 
may be considered in ACEi naive patients. In this regard, ACC/AHA guidelines [2] 
indicate to directly start ARNI, also in patients with de novo HF. Regarding the in-hospital 
setting, two studies have shown that ARNI are a safe alternative to ACEi. The Comparison 
of Sacubitril/Valsartan Versus Enalapril on Effect on NT-proBNP in Patients Stabilized 
From an Acute Heart Failure Episode (PIONEER-HF) trial [57] showed a significant 
reduction of NT pro BNP already in the first ten days in patients treated with ARNI rather 
than ACEi. Moreover, the rates of renal disfunction, hyperkalemia, symptomatic 
hypotension and angioedema did not differ between the two groups [57]. In a subgroup 
analysis of the Comparison of Pre- and Post-discharge Initiation of LCZ696 Therapy in 
HFrEF Patients After an Acute Decompensation Event (TRANSITION) trial [58], first 
diagnosed patients and patients with a subsequent episode of decompensated HF were 
randomized to initiate ARNI. Patients with first episode of acute decompensated HF 
treated with ARNI showed faster and greater decreases in NT pro BNP and high-
sensitivity troponin-T, lower rates of HF and all-cause rehospitalization, and a higher 
proportion of patients achieved the therapeutic targeted dose [58]. Oh et al. [59] designed 
a very specific trial aiming to investigate the benefits of the early initiation of ARNI in 
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newly diagnosed HF patients. It turned out that the subgroup who received upfront 
treatment with ARNI had lower rates of cardiac death and HF hospitalization. These 
findings are consistent with the hypothesis that an early initiation of ARNI is not only 
safe, but also advisable [59]. 

Based on the abovementioned pitfalls in the current therapeutic management of 
HFrEF, several alternative schemes have been proposed (Table 3). McMurray et al. [60] 
suggested initiating BB and SGLT2i upfront, followed by ARNI, within two weeks, and 
MRAs two more weeks later. This arises from the consideration that, since each drug 
exerts a beneficial effect of its own, the priority is to administer all of the molecules in the 
shortest time possible, regardless of their optimal up-titration. Moreover, since much of 
the benefits of foundational treatments are seen within 30 days after the treatment 
initiation, it is important to achieve GDMT within 4 weeks. The authors, however, 
underline that the proposed algorithm is most appropriate for outpatients, and more 
precaution is necessary in hospitalized patients [60]. 

Miller et al. [61] suggested a more phenotype-based approach dividing the HF drugs 
into three different clusters associated with three groups of symptoms: Cluster A made 
by SGLT2i and diuretics for volume overload, Cluster B by ARNI/MRAs for hypertension 
and Cluster C by BB and sinus node inhibitors for high heart rate. They advised to start 
the treatment according to the most prevalent clinical scenario, achieving the GDMT 
within 6 weeks regardless of the optimal titration [61].  

Greene et al. [62] supported a nearly simultaneous introduction of low doses of each 
of the four classes of drugs, within the first week, and subsequent rapid up-titration in the 
following month. 

Table 3. Proposed algorithms of guidelines-directed medical therapy initiation and up-titration in 
patients with heart failure with reduced ejection fraction. 

Authors Strategy of GDMT Up-Titration Target 

• McMurray et al. 
[60] 

Upfront initiation of BB and SGLT2i 
(step 1), followed by ARNI within two 

weeks (step 2) and MRAs two more 
weeks later (step 3)  

Achievement of GDMT 
within 4 weeks  

• Miller et al.  
[61] 

Cluster scheme:  
Cluster A) SGLT2i and diuretics for 

volume overload; Cluster B) 
ARNI/MRAs for hypertension and 

Cluster C) BB and SNI for high heart 
rate. 

Initiation of BB, ACEi/ARNI, MRAs 
and SGLT2i before single drug up-

titration. 

Weekly up-titration and 
achievement of GDMT 

within 2/3 months  

• Tomasoni et al. 
[13] 

Early upfront administration of 
SGLT2i due to safety and tolerability; 
low dose initiation of BB, ACEi/ARNI 

and MRAs and subsequent up-
titration as tolerated. Sequence of 
optimization should be based on 

patient’s characteristics.  

Achievement of GDMT 
within 42 days  

• Greene et al. 
[62]  

Nearly simultaneous introduction of 
low doses of each of the four classes of 

drugs during the first week. Up-
titration every two weeks for BB, first 

Achievement of GDMT 
within 42 days. 

Subsequently consider 
further up-titration, if 
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up-titration suggested after 4 weeks 
for ARNI and MRAs  

possible, or device therapy, 
if needed.   

GDMT: guidelines-directed medical therapy; BB: beta blocker; SGLT2i: sodium-glucose 
cotransporter 2 inhibitor; ARNI: angiotensin receptor neprilysin inhibitors; MRAs: 
mineralocorticoid receptor antagonists; SNI: sinus node inhibitors; ACEi: angiotensin-converting 
enzyme inhibitor. 

What until now had only been suggested by clinical experience, is now supported by 
a strong piece of evidence provided by the recent Safety, Tolerability and Efficacy of Rapid 
Optimization, Helped by NT-pro BNP testing of Heart Failure Therapies (STRONG-HF) 
trial [63]. This multicenter prospective randomized study was the first to compare an 
upfront treatment protocol versus usual care in 1078 patients admitted for heart failure 
treated with suboptimal GDMT. The study ended early because of greater than expected 
differences in the outcomes of reduction in blood pressure levels, heart and respiratory 
frequency, NYHA class and NT pro BNP levels. However, in order to achieve fast optimal 
treatment, it was required that patients undergo a close follow-up, mainly to deal with 
minor side effects such as hypotension and hyperkalemia, with more visits than those 
following routine treatment, implying that an important effort should be made by HF 
centers in doubling the volume of outpatient visits. This study [63] provides robust 
evidence of the beneficial role and safety of a more aggressive treatment protocol, 
suggesting that any delays in reaching full GDMT is equivalent to denying the patient a 
possibility of improving their health.  

One of the most important limits to GDMT up-titration is the presence of chronic 
kidney disease (CKD). However, most of HF disease-modifying drugs show a 
nephroprotective role. CKD is a common comorbidity in HF patients, leading to higher 
rates of hyperkalemia, especially when combined with Renin-angiotensin-aldosterone 
system inhibitors (RAASi) and MRAs intake. Hyperkalemia, defined by plasmatic 
potassium levels higher than 5.5 mmol/l, has several negative consequences, such as 
frequent rehospitalization, higher rate of arrhythmias, progression to CKD and greater 
risk of all-cause mortality [64,65]. However, the recent possibility to use potassium 
binders such as Patiromer and Sodium Zirconium Cyclosilicatum (SZC) allows for the up-
titration of RAASi and MRAs, despite the presence of severe and/or advanced renal 
failure, as well as hyperkalemia. Potassium binders guarantee the reduction of mortality 
and HF-related hospitalization risk also in this frail population, for which the therapeutic 
possibilities were scarce in the recent past. The Study to Investigate the Safety and Efficacy 
of ZSC in Patients With Hyperkalemia (HARMONIZE GL) trial [66], in fact, assessed the 
efficacy of SZC in guaranteeing normokalemia with an overall good tolerance and a low 
rate of treatment discontinuation due to its minor side effects, such as oedema and 
constipation. Additionally, the Patiromer for the Management of Hyperkalemia in 
Subjects Receiving RAASi Medications for the Treatment of Heart Failure (DIAMOND) 
trial [67] underlined the role of the potassium binder Patiromer for the optimization of 
therapy in patients with HFrEF. In fact, the use of Patiromer in HFrEF patients with 
RAASi-associated hyperkalemia was associated with a reduction in hyperkaliemia 
episodes and better control of plasmatic potassium values. Moreover, the use of Patiromer 
allowed an increased use of RAASi and MRAs doses [68]. In the recent guidelines [1,2], it 
is stated that potassium binders may be used in patients with chronic or recurrent 
hyperakalemia as soon as plasmatic potassium levels are found to be > 5.0 mEq/l, not 
preventing the clinician from using RAASi and MRAs even in those patients more at risk 
of hyperkalemia.  

Finally, a mention of another critical point, which although often underestimated, 
has an important impact on the success of medical therapy: the patient’s compliance. The 
clinician does not have to forget that a typical HF patient has to take a minimum of four 
pills for a single disease, often associated with other secondary drugs such as diuretics, 
antiplatelets and anticoagulants, or drugs for other pathologies. Not having a 
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standardized therapeutical model can be confusing and contribute to poor patient 
compliance. Guidelines [1,2] stress the concept of a strict monitoring of HF patients 
through follow-up visits with the aim of maintaining high compliance. However, here too 
the question of the lack of precise periodization for follow-up visits remains open, further 
contributing to creating gaps and mismanagement in the already extremely complex 
therapy of HF.  

Beyond the role of pharmacological treatment to reduce the risk of mortality and 
hospitalization in HF patients, increasing evidence supports the role of several devices for 
HF management. Some of these devices, through accurate and invasive monitoring, 
identify the early phases of acute decompensation episodes, allowing an early treatment 
modification and reducing the risk of rehospitalization due to HF. Other devices are now 
recognized as adjunctive therapy for patients who are still symptomatic despite optimized 
medical therapy. What is more, patients with higher pulmonary artery pressure (PAP) are 
more at risk of HF hospitalization and mortality [69], implying that HF care also needs to 
be “hemodynamically guided”. Implantable hemodynamic monitoring devices, such as 
the CardioMEMS HF system, provide frequent PAP measurements and early detection of 
hemodynamic congestion by sensing changes in filling pressures, even when patients are 
still asymptomatic. The CardioMEMS Heart Sensor Allows Monitoring of Pressure to 
Improve Outcomes in NYHA Class III Heart Failure Patients (CHAMPION) trial [70] 
showed that management using PAP information, enabling the clinician to promptly 
make tailored therapeutic changes, reduced HF hospital admission by 33% during 18 
months of randomized follow-up. However, to achieve these results, sites with a team of 
advanced cardiologists and nurses dedicated to monitor and support HF outpatients are 
needed [71].  

Cardiac contractility modulation (CCM) is an encouraging device treatment for HF 
patients with an LVEF of 25% to 45% ineligible for cardiac resynchronization therapy, 
which has shown beneficial effects in improving functional capacity and quality of life by 
delivering biphasic pulses to the right ventricular septum during the absolute refractory 
period of the myocardium through one lead in the right atrium and two in the right 
ventricular septum [72]. These results were shown in the FIX-HF-4 study [73], the FIX-HF-
5 trial [74] and the following FIX-HF-5C study [75], which aimed to demonstrate that a 
two-lead system, without the need of an atrial lead, is equally safe, improving peak 
oxygen consumption (VO2) and NYHA class with less adverse effect; because the 
algorithm developed does not require sensing the timing of atrial depolarization, it may 
be used in patients with atrial fibrillation.  

This implantable electrical therapeutic technology, together with baroreflex 
activation therapy (BAT) which by increasing parasympathetic activity can reduce 
peripheral resistance [76], are, however, supported by insufficient evidence for their use 
to be standardized and more randomized clinical trials are needed. 

4. Conclusions 
HF is a complex and multifaceted syndrome and, currently, there are several 

pharmacological possibilities to treat it, reducing mortality and rehospitalization rates. 
There are several gaps both in guidelines and consensus documents regarding the correct 
initiation and up-titration of HF disease-modifying drugs. For this reason, several authors 
proposed different approaches mainly based on clinical experience and focused only on 
chronic stabilized patients, mainly in the outpatient setting. However, the acute 
decompensation episodes are a critical part of the HF continuum, because they limit GDMT 
optimization, exposing patients to high rates of mortality and rehospitalization. AHF 
management is crucial to prepare the field in order to build an optimized therapeutic 
regimen. Evidence strongly suggests that patients suffering from HF should be treated 
with a more upfront therapeutic protocol, possibly obtaining a quick hemodynamic 
stabilization and introducing all the molecules in a short delay and rapidly reaching up-
titration, already in the in-hospital setting. This seems to provide both improvement in 
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the quality of life, event free survival and the reduction of preventable hospitalizations 
and health care expenditure [77]. In conclusion, an approach based on the early use of 
Levosimendan during the acute phase, in particular when patients are not stable from the 
hemodynamic point of view, may prepare the field to disease-modifying drugs’ 
introduction, starting with BB and SGLT2i. The first may be preferred because they may 
have a great and early impact on arrythmias and death, while SGLT2i may be preferred 
due to its high tolerability and safety. When hemodynamic stability, as well as blood 
pressure and renal function stabilization have been reached, ARNI may be introduced 
before hospital discharge. MRAs, if not necessary during the acute decompensation phase 
to balance potassium loss induced by diuretics, may be started during follow-up or started 
earlier at a low dose. Subsequent follow-up visits performed every two weeks should aim 
to up-titrate GDMT, exploiting potassium binders in patients with CKD and 
RAASi/MRAs induced hyperkalemia. Moreover, device therapy should be strongly 
considered in patients still symptomatic despite optimal medical therapy and in patients 
who do not adequately tolerate disease modifying drugs.  

Funding: This work received no external funding 

Conflicts of interest: The authors declare no conflicts of interest. 

References 
1. McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Böhm, M.; Burri, H.; Butler, J.; Čelutkienė, J.; Chioncel, 

O.; et al. ESC Scientific Document Group. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. 
Eur. Heart J. 2021, 42, 3599–3726. https://doi.org/10.1093/eurheartj/ehab368. 

2. 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. 
https://doi.org/10.1161/CIR.0000000000001063. 

3. Seferovic, P.M.; Ponikowski, P.; Anker, S.D.; Bauersachs, J.; Chioncel, O.; Cleland, J.G.F.; de Boer, R.A.; Drexel, H.; Ben Gal, T.; 
Hill, L.; et al. Clinical practice update on heart failure 2019: Pharmacotherapy, procedures, devices and patient management. 
An expert consensus meeting report of the Heart Failure Association of the European Society of Cardiology. Eur. J. Heart Fail. 
2019, 21, 1169–1186. https://doi.org/10.1002/ejhf.1531. 

4. Writing Committee; Maddox, T.M.; Januzzi, J.L., Jr.; Allen, L.A.; Breathett, K.; Butler, J.; Davis, L.L.; Fonarow, G.C.; Ibrahim, 
N.E.; Lindenfeld, J.; Masoudi, F.A.; et al. 2021 Update to the 2017 ACC Expert Consensus Decision Pathway for Optimization 
of Heart Failure Treatment: Answers to 10 Pivotal Issues About Heart Failure With Reduced Ejection Fraction: A Report of the 
American College of Cardiology Solution Set Oversight Committee. J. Am. Coll. Cardiol. 2021, 77, 772–810. 
https://doi.org/10.1016/j.jacc.2020.11.022. 

5. 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. 
https://doi.org/10.1056/NEJMoa1313731. PMID: 24716680. 

6. Tridetti, J.; Nguyen Trung, M.L.; Ancion, A.; Lancellotti, P. L’étude clinique du mois. PARAGON-HF: Sacubitril/valsartan 
(Entresto®) dans l’insuffisance cardiaque à fraction d’éjection préservée (HFpEF) [The PARAGON-HF trial]. Rev. Med. Liege 
2020, 75, 130-135. 

7. Wagdy, K.; Nagy, S. EMPEROR-Preserved: SGLT2 inhibitors breakthrough in the management of heart failure with preserved 
ejection fraction. Glob. Cardiol. Sci. Pract. 2021, 2021, e202117. https://doi.org/10.21542/gcsp.2021.17. 

8. Rosano, G.M.C.; Moura, B.; Metra, M.; Böhm, M.; Bauersachs, J.; Ben Gal, T.; Adamopoulos, S.; Abdelhamid, M.; Bistola, V.; 
Čelutkienė, J.; et al. Patient profiling in heart failure for tailoring medical therapy. A consensus document of the Heart Failure 
Association of the European Society of Cardiology. Eur. J. Heart Fail. 2021, 23, 872–881. https://doi.org/10.1002/ejhf.2206. 

9. Severino, P.; D’Amato, A.; Prosperi, S.; Dei Cas, A.; Mattioli, A.V.; Cevese, A.; Novo, G.; Prat, M.; Pedrinelli, R.; Raddino, R.; et 
al. On Behalf Of The Italian National Institute For Cardiovascular Research Inrc. Do the Current Guidelines for Heart Failure 
Diagnosis and Treatment Fit with Clinical Complexity? J. Clin. Med. 2022, 11, 857. https://doi.org/10.3390/jcm11030857. 

10. Severino, P.; Maestrini, V.; Mariani, M.V.; Birtolo, L.I.; Scarpati, R.; Mancone, M.; Fedele, F. Structural and myocardial 
dysfunction in heart failure beyond ejection fraction. Heart Fail. Rev. 2020, 25, 9–17. 

11. Triposkiadis, F.; Starling, R.C. Chronic Heart Failure: Diagnosis and Management beyond LVEF Classification. J. Clin. Med. 
2022, 11, 1718. https://doi.org/10.3390/jcm11061718. 

12. Fedele, F.; Mancone, M.; Adamo, F.; Severino, P. Heart Failure with Preserved, Mid-Range, and Reduced Ejection Fraction: The 
Misleading Definition of the New Guidelines. Cardiol. Rev. 2017, 25, 4–5. 



J. Clin. Med. 2023, 12, 1020 13 of 16 
 

 

13. Tomasoni, D.; Fonarow, G.C.; Adamo, M.; Anker, S.D.; Butler, J.; Coats, A.J.S.; Filippatos, G.; Greene, S.J.; McDonagh, T.A.; 
Ponikowski, P.; et al. Sodium-glucose co-transporter 2 inhibitors as an early, first-line therapy in patients with heart failure and 
reduced ejection fraction. Eur. J. Heart Fail. 2022, 24, 431–441. https://doi.org/10.1002/ejhf.2397. 

14. Hsu, S.; Fang, J.C.; Borlaug, B.A. Hemodynamics for the Heart Failure Clinician: A State-of-the-Art Review. J. Card. Fail. 2022, 
28, 133–148. https://doi.org/10.1016/j.cardfail.2021.07.012. 

15. Fedele, F.; Severino, P.; Calcagno, S.; Mancone, M. Heart failure: TNM-like classification. J. Am. Coll. Cardiol. 2014, 63, 1959–
1960. https://doi.org/10.1016/j.jacc.2014.02.552. 

16. Severino, P; Mather, P.J.; Pucci, M.; D'Amato, A.; Mariani, M.V.; Infusino, F.; Birtolo, L.I.; Maestrini, V.; Mancone, M.; Fedele, 
F.; et al. Advanced Heart Failure and End-Stage Heart Failure: Does a Difference Exist. Diagnostics 2019, 9, 170. 
https://doi.org/10.3390/diagnostics9040170. 

17. Fincke, R.; Hochman, J.S.; Lowe, A.M.; Menon, V.; Slater, J.N.; Webb, J.G.; LeJemtel, T.H.; Cotter, G.; SHOCK Investigators. 
Cardiac power is the strongest hemodynamic correlate of mortality in cardiogenic shock: A report from the SHOCK trial 
registry. J. Am. Coll. Cardiol. 2004, 44, 340–348. https://doi.org/10.1016/j.jacc.2004.03.060. 

18. Burstein, B.; Anand, V.; Ternus, B.; Tabi, M.; Anavekar, N.S.; Borlaug, B.A.; Barsness, G.W.; Kane, G.C.; Oh, J.K.; Jentzer, J.C. 
Noninvasive echocardiographic cardiac power output predicts mortality in cardiac intensive care unit patients. Am. Heart J. 
2022, 245, 149–159. https://doi.org/10.1016/j.ahj.2021.12.007. 

19. Yildiz, O.; Aslan, G.; Demirozu, Z.T.; Yenigun, C.D.; Yazicioglu, N. Evaluation of Resting Cardiac Power Output as a Prognostic 
Factor in Patients with Advanced Heart Failure. Am. J. Cardiol. 2017, 120, 973–979. https://doi.org/10.1016/j.amjcard.2017.06.028. 

20. Harada, T.; Yamaguchi, M.; Omote, K.; Iwano, H.; Mizuguchi, Y.; Amanai, S.; Yoshida, K.; Kato, T.; Kurosawa, K.; Nagai, T.; et 
al. Cardiac Power Output Is Independently and Incrementally Associated With Adverse Outcomes in Heart Failure With 
Preserved Ejection Fraction. Circ. Cardiovasc. Imaging 2022, 2, e013495. https://doi.org/10.1161/CIRCIMAGING.121.013495. 

21. Leahova-Cerchez, X.; Berthelot, E.; Genet, B.; Hanon, O.; Jourdain, P. Estimation of the plasma volume status of elderly patients 
with acute decompensated heart failure using bedside clinical, biological, and ultrasound parameters. Clin. Cardiol. 2022, 45, 
379–385. https://doi.org/10.1002/clc.23791. 

22. Kobayashi, M.; Rossignol, P.; Ferreira, J.P.; Aragão, I.; Paku, Y.; Iwasaki, Y.; Watanabe, M.; Fudim, M.; Duarte, K.; Zannad, F.; 
et al. Prognostic value of estimated plasma volume in acute heart failure in three cohort studies. Clin. Res. Cardiol. 2019, 108, 
549–561. https://doi.org/10.1007/s00392-018-1385-1. 

23. Van Aelst, L.N.L.; Arrigo, M.; Placido, R.; Akiyama, E.; Girerd, N.; Zannad, F.; Manivet, P.; Rossignol, P.; Badoz, M.; Sadoune, 
M.; et al. Acutely decompensated heart failure with preserved and reduced ejection fraction present with comparable 
haemodynamic congestion. Eur. J. Heart Fail. 2018, 20, 738–747. https://doi.org/10.1002/ejhf.1050. 

24. Khandwalla, R.M.; Birkeland, K.T.; Zimmer, R.; Henry, T.D.; Nazarian, R.; Sudan, M.; Mirocha, J.; Cha, J.; Kedan, I. Usefulness 
of Serial Measurements of Inferior Vena Cava Diameter by VscanTM to Identify Patients With Heart Failure at High Risk of 
Hospitalization. Am. J. Cardiol. 2017, 119, 1631–1636. https://doi.org/10.1016/j.amjcard.2017.02.007. 

25. Miller, W.L.; Sorimachi, H.; Grill, D.E.; Fischer, K.; Borlaug, B.A. Contributions of cardiac dysfunction and volume status to 
central haemodynamics in chronic heart failure. Eur. J. Heart Fail. 2021, 23, 1097–1105. https://doi.org/10.1002/ejhf.2121. 

26. Ling, H.Z.; Flint, J.; Damgaard, M.; Bonfils, P.K. ; Cheng, A.S. ; Aggarwal, S. ; Velmurugan, S. ; Mendonca, M. ; Rashid, M. ; 
Kang, S. ; et al. Calculated plasma volume status and prognosis in chronic heart failure. Eur. J. Heart Fail. 2015, 17, 35–43. 
https://doi.org/10.1002/ejhf.193. 

27. Felker, G.M.; Benza, R.L.; Chandler, A.B.; Leimberger, J.D.; Cuffe, M.S.; Califf, R.M.; Gheorghiade, M.; O’Connor, C.M. OPTIME-
CHF Investigators. Heart failure etiology and response to milrinone in decompensated heart failure: Results from the OPTIME-
CHF study. J. Am. Coll. Cardiol. 2003, 41, 997–1003. https://doi.org/10.1016/s0735-109702968-6. 

28. Farmakis, D.; Agostoni, P.; Baholli, L.; Bautin, A.; Comin-Colet, J.; Crespo-Leiro, M.G.; Fedele, F.; García-Pinilla, J.M.; 
Giannakoulas, G.; Grigioni, F.; et al. A pragmatic approach to the use of inotropes for the management of acute and advanced 
heart failure: An expert panel consensus. Int. J. Cardiol. 2019, 297, 83–90. https://doi.org/10.1016/j.ijcard.2019.09.005. 

29. Brener, M.I.; Hamid, N.B.; Sunagawa, K.; Borlaug, B.A.; Shah, S.J.; Rich, S.; Burkhoff, D. Changes in Stressed Blood Volume with 
Levosimendan in Pulmonary Hypertension from Heart Failure with Preserved Ejection Fraction: Insights Regarding 
Mechanism of Action From the HELP Trial. J. Card. Fail. 2021, 27, 1023–1026. https://doi.org/10.1016/j.cardfail.2021.05.022. 

30. Lannemyr, L.; Ricksten, S.E.; Rundqvist, B.; Andersson, B.; Bartfay, S.E.; Ljungman, C.; Dahlberg, P.; Bergh, N.; Hjalmarsson, 
C.; Gilljam, T.; et al. Differential effects of levosimendan and dobutamine on glomerular filtration rate in patients with heart 
failure and renal impairment: A randomized double-blind controlled trial. J. Am. Heart Assoc. 2018, 7, e008455. 

31. Burkhoff, D.; Borlaug, B.A.; Shah, S.J.; Zolty, R.; Tedford, R.J.; Thenappan, T.; Zamanian, R.T.; Mazurek, J.A.; Rich, J.D.; Simon, 
M.A.; et al. Levosimendan improves hemodynamics and exercise tolerance in PH-HFpEF: Results of the randomized placebo-
controlled HELP trial. JACC Heart Fail. 2021, 9, 360–370. 

32. Kivikko, M.; Pollesello, P.; Tarvasmäki, T.; Sarapohja, T.; Nieminen, M.S.; Harjola, V.P. Effect of baseline characteristics on 
mortality in the SURVIVE trial on the effect of levosimendan vs dobutamine in acute heart failure: Sub-analysis of the Finnish 
patients. Int. J. Cardiol. 2016, 215, 26–31. https://doi.org/10.1016/j.ijcard.2016.04.064. 

33. Nieminen, M.S.; Buerke, M.; Parissis, J.; Ben-Gal, T.; Pollesello, P.; Kivikko, M.; Karavidas, A.; Severino, P.; Comín-Colet, J.; 
Wikström, G.; et al. Pharmaco-economics of levosimendan in cardiology: A European perspective. Int. J. Cardiol. 2015, 199, 337–
341. https://doi.org/10.1016/j.ijcard.2015.07.049. 



J. Clin. Med. 2023, 12, 1020 14 of 16 
 

 

34. Masarone, D.; Kittleson, M.M.; Martucci, M.L.; Valente, F.; Gravino, R.; Verrengia, M.; Ammendola, E.; Contaldi, C.; Di Palma, 
V.; Caiazzo, A.; et al. Levosimendan as a ”Bridge to Optimization“ in Patients with Advanced Heart Failure with Reduced 
Ejection-A Single-Center Study. J. Clin. Med. 2022, 11, 4227. https://doi.org/10.3390/jcm11144227. 

35. Najjar, E.; Stålhberg, M.; Hage, C.; Ottenblad, E.; Manouras, A.; Haugen Löfman, I.; Lund, L.H. Haemodynamic effects of 
levosimendan in advanced but stable chronic heart failure. ESC Heart Fail. 2018, 5, 302–308. https://doi.org/10.1002/ehf2.12272. 

36. Comín-Colet, J.; Manito, N.; Segovia-Cubero, J.; Delgado, J.; García Pinilla, J.M.; Almenar, L.; Crespo-Leiro, M.G.; Sionis, A.; 
Blasco, T.; Pascual-Figal, D.; et al. LION-HEART Study Investigators. Efficacy and safety of intermittent intravenous outpatient 
administration of levosimendan in patients with advanced heart failure: The LION-HEART multicentre randomised trial. Eur. 
J. Heart Fail. 2018, 20, 1128–1136. https://doi.org/10.1002/ejhf.1145. 

37. García-González, M.J.; Aldea Perona, A.; Lara Padron, A.; Morales Rull, J.L.; Martínez-Sellés, M.; de Mora Martin, M.; López 
Díaz, J.; López Fernandez, S.; Ortiz Oficialdegui, P.; Jiménez Sosa, A. Efficacy and safety of intermittent repeated levosimendan 
infusions in advanced heart failure patients: The LAICA study. ESC Heart Fail. 2021, 8, 4820–4831. 
https://doi.org/10.1002/ehf2.13670. 

38. Tycińska, A.; Gierlotka, M.; Bartuś, S.; Gąsior, M.; Główczyńska, R.; Grześk, G.; Jaguszewski, M.; Kasprzak, J.D.; Kubica, J.; 
Legutko, J.; et al. Repetitive use of LEvosimendan in Ambulatory Heart Failure patients (LEIA-HF)—The rationale and study 
design. Adv. Med. Sci. 2022, 67, 18–22. https://doi.org/10.1016/j.advms.2021.10.001. 

39. Mullens, W.; Verbrugge, F.H.; Nijst, P.; Martens, P.; Tartaglia, K.; Theunissen, E.; Bruckers, L.; Droogne, W.; Troisfontaines, P.; 
Damman, K.; et al. Rationale and design of the ADVOR (Acetazolamide in Decompensated Heart Failure with Volume 
Overload) trial. Eur. J. Heart Fail. 2018, 20, 1591–1600. https://doi.org/10.1002/ejhf.1307. 

40. Mullens, W.; Dauw, J.; Martens, P.; Verbrugge, F.H. ; Nijst, P. ; Meekers, E. ; Tartaglia, K. ; Chenot, F. ; Moubayed, S. ; Dierckx, 
R. ; et al. Acetazolamide in Acute Decompensated Heart Failure with Volume Overload. N. Engl. J. Med. 2022, 387, 1185–1195. 
https://doi.org/10.1056/NEJMoa2203094. 

41. Martens, P.; Dauw, J.; Verbrugge, F.H.; Nijst, P. ; Meekers, E. ; Augusto, S.N. Jr. ; Ter Maaten, J.M. ; Damman, K.; Mebazaa, A.; 
Filippatos, G.; et al. Decongestion with Acetazolamide in Acute Decompensated Heart Failure across the Spectrum of Left 
Ventricular Ejection Fraction: A Pre-specified Analysis from the ADVOR trial. Circulation 2022, 147, 201–211. 
https://doi.org/10.1161/CIRCULATIONAHA.122.062486. 

42. Trullàs, J.C.; Morales-Rull, J.L.; Casado, J.; Freitas Ramírez, A.; Manzano, L.; Formiga, F.; CLOROTIC Investigators. Rationale 
and Design of the ”Safety and Efficacy of the Combination of Loop with Thiazide-type Diuretics in Patients with 
Decompensated Heart Failure (CLOROTIC) Trial:“ A Double-Blind, Randomized, Placebo-Controlled Study to Determine the 
Effect of Combined Diuretic Therapy (Loop Diuretics With Thiazide-Type Diuretics) Among Patients With Decompensated 
Heart Failure. J. Card. Fail. 2016, 22, 529–536. https://doi.org/10.1016/j.cardfail.2015.11.003. 

43. Trullàs, J.C.; Morales-Rull, J.L.; Casado, J.; Carrera-Izquierdo, M.; Sánchez-Marteles, M.; Conde-Martel, A.; Dávila-Ramos, M.F.; 
Llácer, P.; Salamanca-Bautista, P.; Pérez-Silvestre, J.; et al. Combining loop with thiazide diuretics for decompensated heart 
failure: The CLOROTIC trial. Eur. Heart J. 2022, ì ehac689. Epub ahead of print. https://doi.org/10.1093/eurheartj/ehac689. 

44. Tromp, J.; Ponikowski, P.; Salsali, A.; Angermann, C.E.; Biegus, J.; Blatchford, J.; Collins, S.P.; Ferreira, J.P.; Grauer, C.; 
Kosiborod, M.; et al. Sodium-glucose co-transporter 2 inhibition in patients hospitalized for acute decompensated heart failure: 
Rationale for and design of the EMPULSE trial. Eur. J. Heart Fail. 2021, 23, 826–834. https://doi.org/10.1002/ejhf.2137. 

45. Cox, Z.L.; Collins, S.P.; Aaron, M.; Hernandez, G.A.; Iii, A.T.M.; Davidson, B.T.; Fowler, M.; Lindsell, C.J.; Jr, F.E.H.; Jenkins, 
C.A.; et al. Efficacy and safety of dapagliflozin in acute heart failure: Rationale and design of the DICTATE-AHF trial. Am. Heart 
J. 2021, 232, 116–124. https://doi.org/10.1016/j.ahj.2020.10.071. 

46. Biegus, J.; Voors, A.A.; Collins, S.P.; Kosiborod, M.N.; Teerlink, J.R.; Angermann, C.E.; Tromp, J.; Ferreira, J.P.; Nassif, M.E.; 
Psotka, M.A.; et al. Impact of empagliflozin on decongestion in acute heart failure: The EMPULSE trial. Eur. Heart J. 2022, 44, 
ehac530. https://doi.org/10.1093/eurheartj/ehac530. 

47. Kosiborod, M.N.; Angermann, C.E.; Collins, S.P.; Teerlink, J.R.; Ponikowski, P.; Biegus, J.; Comin-Colet, J.; Ferreira, J.P.; Mentz, 
R.J.; Nassif, M.E.; et al. Effects of Empagliflozin on Symptoms, Physical Limitations, and Quality of Life in Patients Hospitalized 
for Acute Heart Failure: Results From the EMPULSE Trial. Circulation 2022, 146, 279–288. 
https://doi.org/10.1161/CIRCULATIONAHA.122.059725. 

48. Voors, A.A.; Damman, K.; Teerlink, J.R.; Angermann, C.E.; Collins, S.P.; Kosiborod, M.; Biegus, J.; Ferreira, J.P.; Nassif, M.E.; 
Psotka, M.A.; et al. Renal effects of empagliflozin in patients hospitalized for acute heart failure: From the EMPULSE trial. Eur. 
J. Heart Fail. 2022, 24, 1844–1852. https://doi.org/10.1002/ejhf.2681. 

49. Vaduganathan, M.; Claggett, B.L.; Jhund, P.S.; Cunningham, J.W.; Pedro Ferreira, J.; Zannad, F.; Packer, M.; Fonarow, G.C.; 
McMurray, J.J.V.; Solomon, S.D. Estimating lifetime benefits of comprehensive disease-modifying pharmacological therapies in 
patients with heart failure with reduced ejection fraction: A comparative analysis of three randomised controlled trials. Lancet 
2020, 396, 121–128. https://doi.org/10.1016/S0140-673630748-0. 

50. Packer, M.; Anker, S.D.; Butler, J.; Filippatos, G.; Pocock, S.J.; Carson, P.; Januzzi, J.; Verma, S.; Tsutsui, H.; Brueckmann, M.; et 
al.; EMPEROR-Reduced Trial Investigators. Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N. Eng.l 
J. Med. 2020, 383, 1413–1424. https://doi.org/10.1056/NEJMoa2022190. 

51. 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.; DAPA-HF Trial Committees and Investigators. Dapagliflozin in Patients with Heart Failure 
and Reduced Ejection Fraction. N. Engl. J. Med. 2019, 381, 1995–2008. https://doi.org/10.1056/NEJMoa1911303. 



J. Clin. Med. 2023, 12, 1020 15 of 16 
 

 

52. Butt, J.H.; Dewan, P.; DeFilippis, E.M.; Biering-Sørensen, T.; Docherty, K.F.; Jhund, P.S.; Kosiborod, M.N.; Martinez, F.A.; 
Bengtsson, O.; Johansen, N.D.; et al. Effects of Dapagliflozin According to the Heart Failure Collaboratory Medical Therapy 
Score: Insights From DAPA-HF. JACC Heart Fail. 2022, 10, 543–555. https://doi.org/10.1016/j.jchf.2022.03.009. 

53. Severino, P.; D’Amato, A.; Prosperi, S.; Costi, B.; Angotti, D.; Birtolo, L.I.; Chimenti, C.; Lavalle, C.; Maestrini, V.; Mancone, M.; 
et al. Sodium-glucose cotransporter 2 inhibitors and heart failure: The best timing for the right patient. Heart Fail. Rev. 2021. 
Epub ahead of print. https://doi.org/10.1007/s10741-021-10170-1. 

54. Requena-Ibáñez, J.A.; Santos-Gallego, C.G.; Rodriguez-Cordero, A.; Vargas-Delgado, A.P.; Badimón, J.J. Empagliflozin 
improves quality of life in nondiabetic HFrEF patients. Sub-analysis of the EMPATROPISM trial. Diabetes Metab. Syndr. 2022, 
16, 102417. https://doi.org/10.1016/j.dsx.2022.102417. 

55. Santos-Gallego, C.G.; Mayr, M.; Badimon, J. SGLT2 Inhibitors in Heart Failure: Targeted Metabolomics and Energetic 
Metabolism. Circulation 2022, 146, 819–821. https://doi.org/10.1161/CIRCULATIONAHA.122.060805. 

56. Santos-Gallego, C.G.; Requena-Ibanez, J.A.; San Antonio, R.; Shikawa, K.; Watanabe, S.; Picatoste, B.; Flores, E.; Garcia-Ropero, 
A.; Sanz, J.; Hajjar, R.J.; et al. Empagliflozin Ameliorates Adverse Left Ventricular Remodeling in Nondiabetic Heart Failure by 
Enhancing Myocardial Energetics. J. Am. Coll. Cardiol. 2019, 73, 1931–1944. https://doi.org/10.1016/j.jacc.2019.01.056. 

57. Velazquez, E.J.; Morrow, D.A.; DeVore, A.D.; Duffy, C.I.; Ambrosy, A.P.; McCague, K.; Rocha, R.; Braunwald, E.; PIONEER-HF 
Investigators. Angiotensin-Neprilysin Inhibition in Acute Decompensated Heart Failure. N. Engl. J. Med. 2019, 380, 539–548. 
https://doi.org/10.1056/NEJMoa1812851. 

58. Senni, M.; Wachter, R.; Witte, K.K.; Straburzynska-Migaj, E.; Belohlavek, J.; Fonseca, C.; Mueller, C.; Lonn, E.; Chakrabarti, A.; 
Bao, W.; et al.; TRANSITION Investigators. Initiation of sacubitril/valsartan shortly after hospitalisation for acutely 
decompensated heart failure in patients with newly diagnosed (de novo) heart failure: A subgroup analysis of the TRANSITION 
study. Eur. J. Heart Fail. 2020, 22, 303–312. https://doi.org/10.1002/ejhf.1670. 

59. Oh, J.H.; Lee, J.M.; Lee, H.J.; Hwang, J.; Lee, C.H.; Cho, Y.K.; Park, H.S.; Yoon, H.J.; Chung, J.W.; Kim, H.; et al. The benefits of 
the earlier use of sacubitril/valsartan in de novo heart failure with reduced ejection fraction patients. ESC Heart Fail. 2022, 9, 
2435–2444. https://doi.org/10.1002/ehf2.13940. 

60. McMurray, J.J.V.; Packer, M. How Should We Sequence the Treatments for Heart Failure and a Reduced Ejection Fraction?: A 
Redefinition of Evidence-Based Medicine. Circulation 2021, 143, 875–877. 
https://doi.org/10.1161/CIRCULATIONAHA.120.052926. 

61. Miller, R.J.H.; Howlett, J.G.; Fine, N.M. A Novel Approach to Medical Management of Heart Failure With Reduced Ejection 
Fraction. Can. J. Cardiol. 2021, 37, 632–643. https://doi.org/10.1016/j.cjca.2020.12.028. 

62. 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. 
https://doi.org/10.1001/jamacardio.2021.0496. 

63. 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. https://doi.org/10.1016/S0140-
673602076-1. 

64. Damman, K.; Valente, M.A.; Voors, A.A.; O’Connor, C.M.; van Veldhuisen, D.J.; Hillege, H.L. Renal impairment, worsening 
renal function, and outcome in patients with heart failure: An updated meta-analysis. Eur. Heart J. 2014, 35, 455–469. 
https://doi.org/10.1093/eurheartj/eht386. 

65. Provenzano, M.; Minutolo, R.; Chiodini, P.; Bellizzi, V.; Nappi, F.; Russo, D.; Borrelli, S.; Garofalo, C.; Iodice, C.; De Stefano, T.; 
et al. Competing-Risk Analysis of Death and End Stage Kidney Disease by Hyperkalaemia Status in Non-Dialysis Chronic 
Kidney Disease Patients Receiving Stable Nephrology Care. J. Clin. Med. 2018, 7, 499. https://doi.org/10.3390/jcm7120499. 

66. Zannad, F.; Hsu, B.G.; Maeda, Y.; Shin, S.K.; Vishneva, E.M.; Rensfeldt, M.; Eklund, S.; Zhao, J. Efficacy and safety of sodium 
zirconium cyclosilicate for hyperkalaemia: The randomized, placebo-controlled HARMONIZE-Global study. ESC Heart Fail. 
2020, 7, 54–64. https://doi.org/10.1002/ehf2.12561. 

67. Butler, J.; Anker, S.D.; Siddiqi, T.J.; Coats, A.J.S.; Dorigotti, F.; Filippatos, G.; Friede, T.; Göhring, U.M.; Kosiborod, M.N.; Lund, 
L.H.; et al. Patiromer for the management of hyperkalaemia in patients receiving renin-angiotensin-aldosterone system 
inhibitors for heart failure: Design and rationale of the DIAMOND trial. Eur. J. Heart Fail. 2022, 24, 230–238. 
https://doi.org/10.1002/ejhf.2386. 

68. Butler, J.; Anker, S.D.; Lund, L.H.; Coats, A.J.S.; Filippatos, G.; Siddiqi, T.J.; Friede, T.; Fabien, V.; Kosiborod, M.; Metra, M.; et 
al. Patiromer for the management of hyperkalemia in heart failure with reduced ejection fraction: The DIAMOND trial. Eur. 
Heart J. 2022, 43, 4362–4373. https://doi.org/10.1093/eurheartj/ehac401. 

69. Zile, M.R.; Bennett, T.D.; El Hajj, S.; Kueffer, F.J.; Baicu, C.F.; Abraham, W.T.; Bourge, R.C.; Warner Stevenson, L. Intracardiac 
Pressures Measured Using an Implantable Hemodynamic Monitor: Relationship to Mortality in Patients With Chronic Heart 
Failure. Circ. Heart Fail. 2017, 10, e003594. https://doi.org/10.1161/CIRCHEARTFAILURE.116.003594. 

70. Abraham, W.T.; Stevenson, L.W.; Bourge, R.C.; Lindenfeld, J.A.; Bauman, J.G.; Adamson, P.B.; CHAMPION Trial Study Group. 
Sustained efficacy of pulmonary artery pressure to guide adjustment of chronic heart failure therapy: Complete follow-up 
results from the CHAMPION randomised trial. Lancet 2016, 387, 453–461. https://doi.org/10.1016/S0140-673600723-0. 



J. Clin. Med. 2023, 12, 1020 16 of 16 
 

 

71. Jermyn, R.; Alam, A.;Kvasic, J.; Saeed, O.; Jorde, U. Hemodynamic-guided heart-failure management using a wireless 
implantable sensor: Infrastructure, methods, and results in a community heart failure disease-management program. Clin. 
Cardiol. 2017, 40, 170–176. https://doi.org/10.1002/clc.22643. 

72. Giallauria, F.; Cuomo, G.; Parlato, A.; Raval, N.Y.; Kuschyk, J.; Stewart Coats, A.J. A comprehensive individual patient data 
meta-analysis of the effects of cardiac contractility modulation on functional capacity and heart failure-related quality of life. 
ESC Heart Fail. 2020, 7, 2922–2932. https://doi.org/10.1002/ehf2.12902. 

73. Neelagaru, S.B.;Sanchez, J.E.; Lau, S.K.; Greenberg, S.M.; Raval, N.Y.; Worley, S.; Kalman, J.; Merliss, A.D.; Krueger, S.; Wood, 
M.; et al. Nonexcitatory, cardiac contractility modulation electrical impulses: Feasibility study for advanced heart failure in 
patients with normal QRS duration. Heart Rhythm 2006, 3, 1140–1147. https://doi.org/10.1016/j.hrthm.2006.06.031. 

74. Abraham, W.T.; Kuck, K.H.; Goldsmith, R.L.; Lindenfeld, J.; Reddy, V.Y.; Carson, P.E.; Mann, D.L.; Saville, B.; Parise, H.; Chan, 
R.; et al. A Randomized Controlled Trial to Evaluate the Safety and Efficacy of Cardiac Contractility Modulation. JACC Heart 
Fail. 2018, 6, 874–883. https://doi.org/10.1016/j.jchf.2018.04.010. 

75. Wiegn, P.; Chan, R.; Jost, C.; Saville, B.R.; Parise, H.; Prutchi, D.; Carson, P.E.; Stagg, A.; Goldsmith, R.L.; Burkhoff, D. Safety, 
Performance, and Efficacy of Cardiac Contractility Modulation Delivered by the 2-Lead Optimizer Smart System: The FIX-HF-
5C2 Study. Circ. Heart Fail. 2020, 13, e006512. https://doi.org/10.1161/CIRCHEARTFAILURE.119.006512. 

76. Zile, M.R.; Lindenfeld, J.; Weaver, F.A.; Zannad, F.; Galle, E.; Rogers, T.; Abraham, W.T. Baroreflex Activation Therapy in 
Patients With Heart Failure With Reduced Ejection Fraction. J. Am. Coll. Cardiol. 2020, 76, 1–13. 
https://doi.org/10.1016/j.jacc.2020.05.015. 

77. Goldgrab, D.; Balakumaran, K.; Kim, M.J.; Tabtabai, S.R. Updates in heart failure 30-day readmission prevention. Heart Fail. 
Rev. 2019, 24, 177–187. https://doi.org/10.1007/s10741-018-9754-4. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


