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Abstract

The introduction of multiple new pharmacological agents over the past three decades in the field of heart failure with reduced
ejection fraction (HFrEF) has led to reduced rates of mortality and hospitalizations, and consequently the prevalence of
HFrEF has increased, and up to 10% of patients progress to more advanced stages, characterized by high rates of mortality,
hospitalizations, and poor quality of life. Advanced HFrEF patients often show persistent or progressive signs of severe HF
symptoms corresponding to New York Heart Association class III or IV despite being on optimal medical, surgical, and
device therapies. However, a subpopulation of patients with advanced HF, those with the most advanced stages of disease,
were often insufficiently represented in the major trials demonstrating efficacy and tolerability of the drugs used in HFrEF
due to exclusion criteria such as low BP and kidney dysfunction. Consequently, the results of many landmark trials cannot
necessarily be transferred to patients with the most advanced stages of HFrEF. Thus, the efficacy and tolerability of guideline-
directed medical therapies in patients with the most advanced stages of HFrEF often remain unsettled, and this knowledge is
of crucial importance in the planning and timing of consideration for referral for advanced therapies. This review discusses
the evidence regarding the use of contemporary drugs in the advanced HFrEF population, covering components such as
guideline HFrEF drugs, diuretics, inotropes, and the use of HFrEF drugs in LVAD recipients, and provides suggestions on
how to manage guideline-directed therapy in this patient group.

and hospitalization in patients with HF with reduced
ejection fraction (HFrEF). As a consequence, the preva-
lence of HF has risen and now constitutes an estimated

1 Introduction

Pharmacological advancements have revolutionized the

field of heart failure (HF) with the introduction of angio-
tensin-converting enzyme inhibitors (ACEI) [1, 2], angio-
tensin receptor blockers (ARBs) [3], beta-blockers (BB)
[4], mineralocorticoid receptor antagonists (MRA) [5], the
newer angiotensin receptor neprilysin inhibitors (ARNI)
[6] and sodium-glucose cotransporter 2 (SGLT-2) inhibi-
tors [7, 8], all of which have reduced the rates of mortality
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64.3 million people worldwide [9]. Up to 10% of patients
with HF gradually progress to more advanced stages [10],
characterized by high mortality, frequent hospitalizations,
marked limitation of exercise capacity, poor quality of
life (QoL), and hemodynamic impairment [11]. Although
advanced HF is recognized as a distinct entity by profes-
sional societies [11-16], to date no consensus definition
of advanced HF exists. However, the most updated Heart
Failure Association—ESC criteria for defining advanced
HF (Table 1) provides substantial consensus [13], and, in
fact, this definition has been adopted by recent work [17,
18]. In addition, in the recent universal definition of HF,
endorsed by the HF Society of America, HF Association
of the European Society of Cardiology (ESC) and Japanese
HF Society, there is a general consensus that advanced HF
is identified with the stage D of the American College of
Cardiology/American Heart Association (ACC/AHA) clas-
sification [19].
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Key Points

Heart-failure (HF)-related pharmacotherapy has evolved
significantly, and currently advanced heart failure with
reduced ejection fraction (HFrEF) patients may benefit
from both traditional HF drugs (angiotensin-converting
enzyme inhibitor, angiotensin receptor blocker, beta-
blocker, mineralocorticoid receptor antagonist) and
diuretics, as well as from the more recent SGLT-2 inhibi-
tors, intravenous ferric caboxymaltose, and omecamtiv
mecarbil, and the data for these newer drug treatments
are accumulating.

Inotropes are only indicated in advanced HFrEF patients
who show persistent clinical signs of low cardiac output
or high filling pressures despite the use of conventional
therapy and can be used as a bridge to mechanical circu-
latory support, heart transplantation, or palliation.

HFrEF drugs also play an important role in LVAD
recipients in relation to lowering risk of complications as
well as for improving myocardial recovery.

It is universally accepted that these patients show per-
sistent or progressive signs of severe HF symptoms corre-
sponding to New York Heart Association (NYHA) class III
or IV, despite being on optimal medical, surgical, and device
therapies. Consistent with this general acceptance, a recent

Table 1 Updated HFA-ESC criteria for defining advanced HF

review of the enrollment criteria used to define advanced
HF in 134 clinical trials found that the most commonly used
criterion was in fact NYHA class with a range from II to
1V, followed by left-ventricular ejection fraction (LVEF)
with a cutoff range between 20 and 45%. Beyond these two
parameters, a wide array of criteria have been used, with
inconsistencies in both criteria selection and quantitative
cut-off points [20].

While recognizing that definitions of advanced HF vary
in the landmark trials, it is clear that a subpopulation of
patients with the most advanced stages of disease were often
excluded from the major trials demonstrating efficacy of the
drugs used in HFrEF due to exclusion criteria such as low
blood pressure (BP) and kidney dysfunction. Consequently,
the results of the landmark trials cannot necessarily be trans-
ferred to patients with the most advanced stages of HFrEF.
This is important for several reasons. First, clinicians should
be aware of the degree of efficacy that can be expected from
guideline-directed medical therapy in patients with advanced
HF in the planning and timing of consideration for refer-
ral for advanced therapies like left-ventricular assist device
(LVAD) or heart transplantation (HTx) [21]. Further, tolera-
bility of guideline-directed therapy in patients with advanced
HF is often not comparable to that in non-advanced patients,
and advanced HF patients may require closer follow-up dur-
ing initiation and up-titration of medications.

The aim of this review is to discuss the evidence regard-
ing the use of contemporary drugs in patients with advanced
HFrEF and to provide suggestions on how to manage gudie-
line-directed therapy in this patient group (Fig. 1).

All the following criteria must be present despite optimal guideline-directed treatment:

1. Severe and persistent symptoms of HF (NYHA class III or IV)

2. Severe cardiac dysfunction defined by a reduced LVEF < 30%, isolated RV failure (i.e., ARVC) or non-operable severe valve abnormalities or
congenital abnormalities or persistently high (or increasing) BNP or NT-proBNP values and data of severe diastolic dysfunction or LV struc-
tural abnormalities according to the ESC definition of HFpEF and HFmrEF

3. Episodes of pulmonary or systemic congestion requiring high-dose intravenous diuretics (or diuretic combinations) or episodes of low output
requiring inotropes or vasoactive drugs or malignant arrhythmias causing >1 unplanned visit or hospitalization in the last 12 months

4. Severe impairment of exercise capacity with inability to exercise or low 6MWTD (< 300 m) or pVO2 (< 12-14 mL/kg/min), estimated to be
of cardiac origin

In addition to the above, extra-cardiac organ dysfunction due to heart failure (i.e., cardiac cachexia, liver, or kidney dysfunction) or type 2 pul-
monary hypertension may be present but are not required

Criteria 1 and 4 can be met in patients who have cardiac dysfunction (as described in criterion #2), but who also have substantial limitation due
to other conditions (i.e., severe pulmonary disease, non-cardiac cirrhosis, or most commonly by renal disease with mixed etiology). These
patients still have limited quality of life and survival due to advanced disease and warrant the same intensity of evaluation as someone in whom
the only disease is cardiac, but the therapeutic options for these patients are usually more limited

6MWTD 6-minute walk test distance, ARVC arrhythmogenic right ventricular cardiomyopathy, BNP B-type natriuretic peptide, ESC European
Society of Cardiology, HFA Heart Failure Association, HFmrEF heart failure with mid-range ejection fraction, HFpEF heart failure with pre-
served ejection fraction, LV left ventricular, LVEF left ventricular ejection fraction, NT-proBNP N-terminal pro-B-type natriuretic peptide,
NYHA New York Heart Association, pVO2 peak exercise oxygen consumption, RV right ventricular

Crespo-Leiro MG, et al. EHJ.2018,20:1505-1535
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2 Available Drugs with Effects on Outcome

The front-line treatment recommended by current HF
clinical practice guidelines in symptomatic HFrEF patients
includes a triple neurohormonal blockage with an ACEI
or ARNI (or ARB in those who are intolerant to both), a
BB, and an MRA, unless contraindicated or not tolerated,
plus SGLT-2 inhibitors [22, 23]. However, a major chal-
lenge in patients with advanced HFrEF is that they often do
not tolerate neurohormonal modulators or that, if adminis-
tered, they cannot be titrated to their target doses because
of side effects, mostly hypotension and/or kidney failure
[24, 25]. Evidence indicates that these agents are in fact
administered at lower rates and doses in this patient popu-
lation [22-26]. Plausible explanations of the intolerability
of neurohormonal modulators in advanced HFrEF patients
could be related to the progression of the HF disease itself
leading to a low cardiac output state with hypotension and
renal dysfunction to follow, or it could be related to the
direct effect of the neurohormonal modulators, or a com-
bination of both [11, 24, 25]. Regardless of the underlying
cause of the intolerability of neurohormonal modulators,
the use of suboptimal doses of these agents in advanced
HF patients is related to a very poor prognosis [27-29].
Other disease-modifying drugs that have shown benefit in

HFrEF patients include digoxin, If-channel blockers, the
combination of hydralazine and isosorbide dinitrate, and,
to a larger extent, as shown by the favorable results of the
recent trials, SGLT-2 inhibitors. All of these drugs can be
add-on therapies [16, 23, 30]. In the following, we will
review the evidence from clinical trials for each guideline-
recommended HFrEF drug group, with particular empha-
sis on the impact of the results on patients with advanced
HFrEF (Table 2).

2.1 Neurohormonal Modulators

The renin-angiotensin aldosterone system (RAAS) maintains
the regulation of BP, and fluid and electrolyte homeostasis.
In chronic HF, the RAAS is activated early due to reduced
urinary sodium excretion, decreased afferent glomerular
arteriolar pressure, as well as the sympathetic activation that
is particularly prominent in the kidney. These processes are
fundamental to the left ventricle (LV) remodelling process
that follows myocardial injury or inflammation, and hence,
they play a crucial part in the progression of HF. Thus, drugs
that block the RAAS at key steps in its pathway or block the
activity of the sympathetic nervous system are desirable, and
indeed this is the main role of the neurohormonal modula-
tors [31-33].

Fig. 1 Management of advanced HFrEF patients. HFrEF, heart fail-
ure with reduced ejection fraction; ARNI, angiotensin-receptor-
neprilysin inhibitor; ACEISs, angiotensin-converting enzyme inhibi-
tors; ARBs, angiotensin receptor blockers; MRAs, mineralocorticoid

@ 0y
/A” patients: \ Hypoperfusion and/or Management of ) Multidisciplinary
ARNI/ACEIs/ARBs end-organ function congestion: palliative care
MRAs worsening: — loop diuretics,
Beta-blockers inotropic agents — combined
SGLT-2 inhibitors diuretic therapy
Selected patients:
- CRT
— ICD/ CRT-D Persistent congestion
— Omecamtiv / kidney failure
mecarbil
— Vericiguat
Hydralazine/ISD N
Lo Ultrafiltration
L y, \_ Digoxin / [ peritoneal dialysis ]
A
[ Heart transplantation or LVAD implantation ]
A 4

receptor antagonists; SGLT-2 inhibitors, sodium-glucose co-trans-
porter-2.; CRT, cardiac resynchronization therapy; ICD, implantable
cardioverter defibrillator; ISD, isosorbide dinitrate; LVAD, left ven-
tricular assist device.
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2.1.1 Angiotensin-Converting Enzyme Inhibitors
and Angiotensin Receptor Blockers

=0.02),
=0.001),
=0.02)

Whereas ACEIs block the angiotensin-converting enzyme,
ARBs block the angiotensin II type I receptor, and both of
these RAAS inhibitors have indeed shown their beneficial
impact on mortality and morbidity in HFrEF patients, albeit
the evidence remains most solid for ACEIs [1-3, 34-39].
The Cooperative North Scandinavian Enalapril Survival
Study (CONSENSUS) [1] was the first randomized clinical
trial to show that enalapril compared to placebo reduced
total mortality by 40% at 6 months (p = 0.002) and by 31%
at 1 year (p = 0.001) in 253 HFrEF patients with mean age
71 years and symptoms corresponding to NYHA class IV.
These results were confirmed in a larger study consisting of
2569 HFrEF patients with mean age 61 years, mean LVEF
25%, and symptoms corresponding to NYHA class III-IV in
32% of patients [2]. In the latter study, the results were strati-
fied by age, NYHA class, and LVEF, and showed consistent
findings in patients with more severe signs and symptoms
of HF.

For ARBs, studies have shown a reduction in the com-
bined outcome of mortality and morbidity but not mortality
alone in HFrEF patients who were either switched to cande-
sartan due to ACEI intolerance [35] or who received an ARB
on top of background therapy with ACEI [3, 39]. In these
studies, patients were on average in their 60s with a LVEF
range between 27 and 30%, and 38-76% experienced NYHA
class III-IV symptoms. Only two studies directly compared
ACEIs with ARBs in 3874 HFrEF patients aged > 60 years
with a mean LVEF around 30% + 7%, and 35—48% with
NYHA class III-IV symptoms [37, 38]. These studies
showed no difference in tolerability defined as persistent
increase in creatinine as well as in total mortality between
these two drugs. Last, it is worth noting that evidence indi-
cates that the beneficial effects of ACEIs and ARBs are
dose-dependent and therefore it is crucial that target doses
of these drugs, as used in the clinical trials, are reached,
otherwise they might not be effective in clinical practice
[34, 36]. The findings of these studies were consistent in
sub-group analyses in patients with more severe signs and
symptoms of HF.

trate reduced total mortality by

43% (6% vs 10%, p
and showed an improvement in

and HF-hospitalizations by

33% (16% vs 24%, p
quality of life score (p

Effect of treatment on primary
Hydralazine + isosorbide dini-
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with standard therapy for
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2.1.2 Beta-Blockers

Beta-blockers exude their effect by inhibiting the chrono-
tropic and inotropic effects of the beta-1 receptors, which
in turn decreases the excessive activity of the sympathetic
nervous system [33]. Studies have consistently shown that
compared to placebo, beta-blockers reduce both mortality
and morbidity in symptomatic but stable HFrEF patients
who are on optimum medical therapies [4, 40-43]. The
HFrEF patients in these previous studies were, on average, in

trate vs placebo

Drug comparisons Recruitment
isosorbide dini-

Hydralazine +

heart rate, LV left ventricle, LVEF left-ventricular ejection fraction, LVIDD left-ventricular internal diameter end diastole, MRA mineralocorticoid receptor antagonist, NT-proBNP N-terminal

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, BB beta-blocker, BNP brain natriuretic peptide, CR controlled release, CV cardiovascular, HF heart failure, HR
pro B-type natriuretic peptide, NYHA New York Heart Association, XL extended release

Values are expressed as mean (+ standard deviation), median (interquartile range), or number (percentage)

Table 2 (continued)
Study name and
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their 60s with a LVEF range between 20 and 28%, and symp-
toms corresponding to NYHA class III-IV in 52-100%.
The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II)
[4] and the Carvedilol Prospective Randomized Cumula-
tive Survival (COPERNICUS) [42] trial included a total of
4936 HFrEF patients who only had severe symptoms cor-
responding to NYHA III-IV, and in the latter study the mean
LVEF was 20% + 4%, indicating that the beneficial effects
of BBs are also seen in patients with severe symptoms and
signs of HF. This beneficial effect of BBs in more severe
HFrEF patients was further confirmed by the fact that all of
the previously mentioned studies had carried out sub-group
analyses in patients with severe signs and symptoms and rep-
licated the beneficial findings of BBs. Lastly, it is important
to note that previous work did not include HFrEF patients
who were congested or decompensated, and hence BBs are
not recommended in this patient population [23].

2.1.3 Mineralocorticoid Receptor Antagonists

Mineralocorticoid Receptor Antagonists inhibit the RAAS
by blocking the receptors that bind aldosterone and other
corticosteroids [32], and these agents have indeed shown
beneficial effects on the reduction of mortality and morbidity
in HFrEF patients with severe symptoms [5]. The landmark
study, Randomized Aldactone Evaluation Study (RALES)
[5] included 1663 HFrEF patients on standard therapies
with an ACEI and non-potassium-sparing loop diuretics,
with mean age of 65 + 12 years, LVEF 25% + 7%, and
symptoms corresponding to NYHA class III-IV in 100%.
Compared to placebo, spironolactone reduced total mortality
by 30% and hospitalization for worsening HF by 35% (both
p < 0.001), and these results were consistent in sub-group
analyses in patients with more severe signs and symptoms
of HFrEF. However, despite the beneficial effects of the
MRAs, caution should be exercised, especially in patients
with severe HFTEF and renal impairment, as MRA treatment
may be associated with worsening renal function (WRF)
and hyperkalemia [44, 45]. Finerenone is a third-generation
MRA with higher selectivity toward the mineralocorticoid
receptor compared to spironolactone, and therefore, may
reduce the risk of hyperkalemia and WRF [46]. In two recent
large double-blind trials [47, 48], finerenone, compared to
placebo, reduced the risk of chronic kidney disease (CKD)
progression and cardiovascular (CV) events in patients with
CKD and diabetes type 2.

2.1.4 Angiotensin Receptor Neprilysin Inhibitor
ARNIs consist of an ARB (valsartan), which acts on the
RAAS by inhibiting the angiotensin II type I receptor, and

a neprilysin inhibitor (sacubitril), which slows the degra-
dation of bradykinin and peptides including natriuretic
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peptides and hence plays an important role in myocardial
relaxation and anti-remodeling. The Prospective Compari-
son of ARNI with ACEI to Determine Impact on Global
Mortality and Morbidity in HF (PARADIGM-HF) [6] was
the landmark trial which compared ARNI with Enalapril
in 8399 HFrEF patients on optimal medical therapy, with
mean age 64 + 11 years, LVEF 29% + 6%, and 25% with
NYHA class III-IV symptoms. The trial showed that ARNI
reduced the composite outcome of CV mortality and HF-
related hospitalization by 20% compared to enalapril (p <
0.001). However, sub-group analyses indicated an interac-
tion (p = 0.03) for NYHA class suggesting less efficacy of
ARNI in HFrEF patients with severe symptoms. In addi-
tion, main safety issue when initiating therapy with ARNI in
clinical practice, as reported in the study, was symptomatic
hypotension. Declining renal function was less frequently
seen in the ARNI group compared to enalapril [6]. A recent
smaller trial (NCT02816736), the Entresto In Advanced HF
(LIFE) trial, compared ARNI to valsartan in an advanced
HF population defined as reporting NYHA class IV symp-
toms within the last 3 months, LVEF < 35%, and elevated
N-terminal pro B-type natriuretic peptide (NT-proBNP) >
800 pg/mL or brain natriuretic peptide (BNP) > 250 pg/mL,
as well as one other defined marker of advanced disease. The
primary endpoint was change in NT-proBNP after 24 weeks.
The trial stopped inclusion prematurely because of COVID-
19, but 335 of 400 patients completed the study. ARNI was
not associated with a greater decrease in NT-proBNP com-
pared with valsartan nor were there any signals of improved
clinical outcomes (late breaking clinical trials, ACC 2021).
Given the size of the study, no firm conclusions regarding
the use of ARNI in advanced HF can be made, but it seems
reasonable to conclude that clinicians should not expect that
ARNI can be better tolerated than ACEIs and that the dismal
prognosis in advanced HF will be modified significantly by
exchanging an ACEI or an ARB with an ARNI [21].

Taken together, although patients with the most advanced
stages of HFrEF tend to be underrepresented in the landmark
trials with neurohormonal modulators, it appears that their
beneficial effects may be maintained also in these patients.
Even though patients with advanced HF are more likely
to develop symptomatic hypotension and/or renal insuffi-
ciency, treatment with these agents must also be considered
in patients with advanced HF.

2.2 Sodium-Glucose Cotransporter 2 Inhibitors

The SGLT-2 inhibitors have shown beneficial effects on
mortality and morbidity in HFrEF patients in two recent tri-
als [7, 8], and are consequently recommended as an add-on
therapy in symptomatic HFrEF patients on optimum stand-
ard therapy [23, 30, 49-51]. In the Dapagliflozin and Pre-
vention of Adverse-Outcomes in Heart Failure (DAPA-HF)
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[7] trial, dapagliflozin was compared with placebo in 4744
HFrEF patients with mean age 66 + 11 years, LVEF 31% +
7%, and 32% in NYHA class III-IV. Compared to placebo,
dapaglifiozin reduced the composite outcome of CV death
or worsening HF by 26%. Similar results using an almost
identical patient population were seen for empagliflozin in
the Empagliflozin Outcome Trial in Patients With Chronic
Heart Failure With Reduced Ejection Fraction (EMPEROR-
HF) [8] trial. However, in both studies sub-group analyses
indicated that the beneficial effects of the SGLT-2 inhibitors
were numerically greater in HFrEF patients in NYHA class
IT compared to III-IV and as such it is less clear whether an
improvement in outcome can be expected when patients with
advanced HF are treated. However, the non-selective SGLT
inhibitor sotaglifozin reduced cardiovascular deaths and HF
hospitalizations or urgent visits, compared with placebo in
patients with diabetes and a recent hospitalization for HF
[52]. Second, a recent placebo-controlled study examined
empagliflozin in patients with acute decompensated HF and
found that treatment with an SGLT-2 inhibitor increased
diuresis significantly [53], and the EMPULSE trial, a ran-
domized placebo-controlled trial showing the efficacy and
safety of the in-hospital initiation of empaglifozin versus
placebo in patients hospitalized for HF, will be published
shortly [54]. Moreover, studies in patients with chronic
HFrEF with and without diabetes have clearly shown that
SGLT-2 inhibitors significantly reduce plasma- and extracel-
lular volume [55, 56], and as such SGLT-2 inhibitors could
have an important place in the management of advanced
HF patients, who frequently present with fluid overload.
However, more studies are required to document this. Cur-
rently, we believe that every effort should be made to add
SGLT-2 inhibitors to the therapeutic regimen of patients
with advanced HF, similarly to HFrEF patients without
advanced symptoms, as tolerability is exceptional, and the
current evidence suggests a “blanket effect” across the spec-
trum of HF. However, in order not to delay assessment of
patients with advanced HF for LVAD implantation or HTx
if indicated, the add-on of SGLT-2 inhibitors to the thera-
peutic regimen could occur simultaneously as the referral
for advanced HF therapies.

2.3 Iron

Iron deficiency is common in the HFrEF population and is
associated with a worse prognosis [57, 58]. Current guide-
lines recommend that intravenous ferric carboxymaltose
should be considered in symptomatic patients with low iron
status in order to alleviate HF symptoms and improve exer-
cise capacity and QoL as well as reduce risk of HF hos-
pitalization [23]. This recommendation is based on three
randomized controlled trials in iron-deficient HF patients
[59-61]. The first two studies only included HFrEF patients

with symptoms corresponding to NYHA class II and III, and
for the latter, a LVEF < 45% was required. Whereas in the
Ferinject Assessment in Patients with Iron Deficiency and
Chronic Heart Failure (FAIR-HF) [59] trial 83% of patients
were in NYHA class III, this was only the case in 43% of
patients in the Ferric Carboxymaltose Evaluation on Perfor-
mance in Patients with Iron Deficiency in Combination with
Chronic HF (CONFIRM-HF) [60] trial. The mean LVEF in
these two trials was 32% + 6% and 37% + 7%, respectively.
Although subgroup analyses showed similar benefits of
intravenous ferric carboxymaltose in NYHA class II versus
II1, the majority of patients included in these two trials did
not have advanced HF and thus data with intravenous ferric
carboxymaltose in advaned HF patients are not yet clear. The
results of the more recent Randomized Double-blind Pla-
cebo Controlled Trial Comparing the Effect of Intravenous
Ferric Carboxymaltose on Hospitalizations and Mortality
in Iron Deficient Subjects Admitted for Acute Heart Failure
(AFFIRM-AHF) show that intravenous ferric carboxymalt-
ose is beneficial also in patients hospitalized for HF [61].
AFFIRM-AHF showed that treatment with intravenous fer-
ric caboxymaltose in the stabilized phase of patients with
a HF hospitaliation was safe and reduced the risk of HF
rehospitalizations. In this trial, the HF patients included had
a mean age of 71 + 11 years, LVEF 33% + 10% (LVEF <
25% in 20% of patients), and 53% in NYHA class III or 1V,
and sub-group analyses indicated that the beneficial effect of
intravenous ferric caboxymaltose was also seen in patients
with more severe signs and symptoms of HF.

2.4 Digoxin

Digoxin is known to modulate vagal tone, and in HFrEF
patients it has an inhibitory effect on the sympathetic nerve
activity [62]. However, the prognostic benefits of using car-
diac glycosides in HFrEF patients who are in sinus rhythm
is questionable [63, 64]. In the Randomized Assessment
of Digoxin on Inhibitors of the Angiotensin Converting
Enzyme (RADIANCE) [63] trial, which compared the con-
tinuation versus discontinuation of digoxin in 178 HFrEF
patients in sinus rhythm with mean age 60 + 1 years, LVEF
27% + 1%, and where 73% were in NYHA class IT and 23%
in NYHA class III, the continuation of digoxin had a favora-
ble effect on worsening HF. This study was conducted in the
pre-BB era and as such the results cannot be extrapolated
to current HF populations. However, in patients with more
advanced HF who are intolerant of BBs, the results may very
well still be relevant. In the larger Digitalis Investigation
Group (DIG) [64] trial of 6800 HF patients in sinus rhythm
with mean age 63 + 11 years, LVEF 28% + 9%, and 33%
in NYHA class III-IV did not find a beneficial effect of
digoxin on mortality compared to placebo. Consequently,
current guidelines recommend that in symptomatic HFrEF
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patients, digoxin may be considered especially in those with
atrial fibrillation and rapid ventricular rate, and when other
therapeutic options cannot be pursued [23]. A current ongo-
ing trial, the Digitoxin to Improve outcomes in patients with
advanced chronic HF (DIGIT-HF) [65], which compares
digoxin with placebo in HFrEF patients with and without
atrial fibrillation in NYHA class III-IV and LVEF < 40%
(or NYHA class II and LVEF < 30%) will hopefully provide
more clarification on the use of digoxin in advanced HF.

2.5 If-channel Blocker

Ivabradine slows the elevated heart rate that is often seen in
HFrEF patients, through inhibition of the If channel in the
sinus node [23]. Ivabradine has been shown to exert a mod-
est beneficial effect on prognosis in HFrEF. For instance, in
the Systolic Heart Failure Treatment with the If Inhibitor
Ivabradine Trial (SHIFT) [66], ivabradine was compared
to placebo in 6505 HFrEF patients on optimum medical
therapy with a heart rate > 70 beats per minute, and with
mean age 60 + 11 years, LVEF 29% + 5%, and 51% in
NYHA class III-IV, and the results showed that ivabradine
reduced the composite outcome of CV death or hospitaliza-
tion for worsening HF by 18%. Sub-group analyses indicated
that the results were consistent in patients with severe signs
and symptoms of HFrEF. However, as very few studies have
been carried out, and with only a relatively small population
of advanced HF patients, the information on the effects of
ivabradine in advanced HF is limited. Nevertheless, current
guidelines recommend that ivabradine be used in sympto-
matic HFrEF patients who are in sinus rhythm and with a
heart rate of > 75 beats per minutes [23]. Of note, ivabradine
has a minor effect on BP, and consequently this agent could
have a potential in those advanced HF patients in whom
tachycardia persists and where the use of BBs is limited due
to hypotension [67].

2.6 Hydralazine and Isosorbide Dinitrate

Whereas hydralazine has an arterial dilatory effect, isosorb-
ide dinitrate primarily has a venodilatory effect, and the
reason for using these two vasodilatory drugs in combina-
tion was to achieve a balanced decrease in LV afterload and
preload [67]. Previous work has shown beneficial effects
of hydralazine and isosorbide dinitrate in reducing mortal-
ity and morbidity in HFrEF patients. However, these drug
agents were phased out as first-line treatment when the ACEI
trials started to show significant beneficial effects of ACEI
in the whole spectrum of HFrEF patients [68—70]. In the
Veterans Administration Heart Failure Trial (V-HEFT-I)
[68], hydralazine and isosorbide dinitrate compared to pla-
cebo reduced mortality at 2 years but not at total follow-up
time, and in V-HEFT-II [69], these agents were not superior
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to enalapril at 2 years, whereas there were no differences
between hydralazine and isosorbide dinitrate and enalapril
at total follow-up time. Both studies included men who were
treated with digoxin and diuretics, with mean age 58-61
years and LVEF 29-30%, and whereas V-HEFT-I did not
report on NYHA class, V-HEFT-II included 43% with symp-
toms corresponding to NYHA class III-IV. Two decades
later, the African-American Heart Failure Trial (A-HEFT)
[70] was conducted. The study included both men and
women of African descent with symptoms correspond-
ing to NYHA class III-IV. In this study, hydralazine and
isosorbide dinitrate, as add-on to conventional HF therapy,
including ACElIs, reduced total mortality and HF-related
hospitalizations by 43% and 33%, respectively, compared
to placebo. However, it is unclear whether the results can be
extrapolated to patients of other racial or ethnic origins. This
is currently being tested in the Danish randomized, double-
blind, placebo-controlled trial in patients with chronic HF
(DANHEART) study, which, however, does not specifically
target patients with advanced HF [71]. At the current time,
guidelines recommend to only consider hydralazine and
isosorbide dinitrate in symptomatic HFrEF patients who do
not tolerate an ACEI or ARB [23]. In patients with advanced
HF, renal dysfunction is often prevailing and hydralazine-
isosorbide dinitrate may be very useful here to reduce after-
load and improve symptoms, e.g., during hospitalization for
acute decompensated HF, where the ACEI has been held due
to renal dysfunction. In contrast, if the ACEI or ARB has
been held due to symptomatic hypotension, the patient is
unlikely to tolerate hydralazine-isosorbide dinitrate.

3 Diuretics and Management of Fluid
Overload

Congestion in HF patients is defined as symptoms and signs
of extracellular fluid accumulation that result in increased
cardiac filling pressures [72]. It is the underlying cause of
90% of HF-related hospital admissions [73, 74], and it is
well documented that recurrent congestion worsens progno-
sis [75]. Therefore, the use of diuretics, which increase renal
salt and water excretion and have some vasodilatory effects,
is recommended by guidelines in congested HF patients in
order to alleviate symptoms and improve exercise capacity
as well as to reduce the risk of HF hospitalizations [23].
Loop diuretics, which block the sodium-potassium-chloride
transporter at the ascending loop of Henle and consequently
produce an intense and short diuresis, are considered as first-
line therapy by guidelines in congested patients [23, 76].
To date, no large randomized studies exist that have com-
pared the difference between the loop diuretics furosemide,
bumetanide, and torsemide. However, the Torsemide Com-
parison with Furosemide for Management of Heart Failure
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(TRANSFORM-HF) trial (NCT03296813) is planned to ran-
domize 6000 hospitalized HF patients and will investigate
the association of furosemide versus torsemide on all-cause
mortality. Hopefully, this study will provide additional infor-
mation on whether beneficial differences between the dif-
ferent loop diuretics exist [72]. Nonetheless, the use of loop
diuretics in the HFrEF population is very common as up to
80-100% of the HFrEF patients in the large-scale chronic
HF studies used loop diuretics as background therapy, and
patients with advanced HF are invariably receiving diuret-
ics [77]. Furthermore, although a mortality benefit of loop
diuretics has not been proven, there is some indication from
a meta-analysis of 18 HF trials, that they might reduce the
risk of death and worsening HF compared to placebo [78].

3.1 Renal Dysfunction and Diuretic Resistance

Decongestion is not just a goal to improve patients’ symp-
toms, it is also a strong prognostic indicator of survival in
patients with advanced HF [79]. However, the use of diu-
retics in this patient population poses several challenges.
First, advanced HF patients often have kidney dysfunction
(cardiorenal syndrome), which might be related to abnor-
mal hemodynamics, neurohormonal activation, excessive
tubular sodium reabsorption, inflammation, oxidative stress,
and nephrotoxic drugs [13]. Second, loop diuretic resist-
ance, which requires progressive dosage increases in order
to achieve net fluid balance, is very common in this patient
population [80]. The pathophysiology of diuretic resistance
is multi-factorial and involves the activation of the sym-
pathetic nervous system and RAAS, nephron remodeling,
pre-existing renal function alterations, disrupted pharma-
cokinetics and dynamics of diuretics and intravascular fluid
depletion due to slow plasma refilling [72]. The main driver
for diuretic resistance in the kidney is tubular resistance,
which involves renal blood flow, reduced proximal tubule
secretion of sodium, increased sodium reabsorption in the
distale tubule, and afferent arteriolar constriction [81]. Non-
renal factors contributing to diuretic resistance include,
amongst others, dietary considerations. For instance, the oral
bioavailability of furosemide is highly variable (10-90%),
and is determined by absorption from the gastrointestinal
tract into the bloodstream, whereas the oral bioavailability
for torsemide and bumetanide is consistently higher than
80-90% [72]. Consequently, food intake is of importance for
the efficacy of furosemide but not torsemide or bumetanide
[82, 83]. Furthermore, although fluid and salt intake do not
directly influence the efficacy of loop diuretics per se, it is
difficult to overcome large amounts of fluid and salt intake
[84, 85]. In addition, since 95% of furosemide is protein
bound, then low plasma albumin leads to a lower efficacy
of furosemide [86]. However, evidence for the relationship
between low plasma albumin and efficacy of furosemide is

scarce and has only been investigated in non-HF popula-
tions [86].

3.2 Mono- and Combination Therapy
3.2.1 Monotherapy

In clinical practice, it is recommended that HFrEF patients
with an inadequate response to oral loop diuretics be
switched to intravenous loop diuretics starting with a dose
1- to 2-times greater than their oral dose. If proper decon-
gestion is still not reached, as monitored by spot urinary
sodium analyses (after 2 h) and average urine output (after
6 h), the intravenous loop diuretics should be further up-
titrated by doubling the dose [13, 72]. In HFrEF patients
who have not previously received loop diuretics, the start-
ing dose should be > 20-40 furosemide equivalents intra-
venously [72]. When loop diuretics are used intravenously,
evidence indicates that continuous infusion of loop diuretics
is more efficient than bolus therapy [87]. For instance, in the
Diuretic Optimization Strategies Evaluation (DOSE) [87]
study, loop diuretic administration methods were evaluated
(continuous infusion vs intermittent bolus and high dose ver-
sus low dose) in 308 acute HF patients with moderate renal
dysfunction, mean age 66 + 14 years, and mean LVEF 35%
+ 18%. Although no significant difference in outcomes was
observed 72 h following treatment initiation, patients treated
with a high-dose strategy tended to have greater diuresis and
more decongestion compared with low-dose therapy, at the
cost of transient changes in renal function [87]. Worth noting
is that WRF itself, is not an independent determinant of out-
comes in advanced HF patients, and that aggressive diuretic
therapy, even in the setting of WRF, has been shown to posi-
tively impact survival [88, 89]. Once the patient is stabilized,
it is recommended to continue treatment with the lowest oral
dose needed to keep the patient decongested [23].

3.2.2 Combination Therapy

In patients with diuretic resistance to monotherapy, simul-
tanous administration of loop diuretics, such as furosemide
or torsemide with thiazide diuretics, which block the electro-
neutral sodium-chloride transporter, or metolazone, which is
a potent thiazide-like diuretic producing a diuretic response
despite a low glomerular filtration rate, MRAs are recom-
mended and are in fact considered as first-line combination
therapy [72]. These agents act synergistically and provide
immediate symptom relief [76, 90-94]. For instance, in one
observational study [90], 21 HFrEF patients, with median
age 76 (66-83) years, median LVEF 25% (15-49), and
NYHA class IIT or IV in 43%, received a maximal dose of 5
mg metolazone on top of loop diuretics. The results showed
a significant reduction in weight, BP, plasma-sodium and
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-potassium, whereas plasma-blood urea nitrogen and -cre-
atinine increased significantly. Furthermore, hypokalemia
(< 2.5 mM) or hyponatremia (< 125 mM) were observed
during 10% of the treatment episodes. In another study [91],
33 HFrEF patients in NYHA class III or IV with median age
66 (17-86) years and resistant to loop diuretics, were rand-
omized in a 2 X 2 factorial design to receive bendrofluazide
or metolazone on top of loop diuretics. The results showed
that bendrofluazide and metolazone were equally effective in
establishing a diuresis. Moreover, a fixed three-day course of
the combination was as effective as a longer course. Last, in
arandomized single-blind study [92] of 107 HFrEF patients
in NYHA class IV, with mean age 75 + 7 years, and mean
LVEF 30% + 4%, it was found that small-volume hypertonic
saline solution on top of high-dose furosemide was effective
and well tolerated. Moreover, this treatment combination
improved the QoL through the relief of signs and symp-
toms of congestion, and may perhaps delay more aggressive
treatments. Even though the same effects were seen also in
observational studies, the strategy is potentially harmful and
its safety and efficacy will require demonstration in larger
prospective randomized trials. Second- and third-line combi-
nation therapies involve loop diuretics combined with aceta-
zolamide and SGLT-2 inhibitors, respectively, both of which
inhibit sodium reabsorption in the proximal tubules. Several
ongoing trials are investigating these combination therapies
further [72]. Although effective, it is important to note that
dual combination of diuretics requires close monitoring in
order to avoid hypokalemia, WRF, and hypovolemia [23].

3.3 Vasopressin Receptor Antagonists

Vasopressin receptor antagonists (VRAs), referred to as the
aquaretic agents, target the arginine vasopressin receptors
and cause an increase in urine flow and the excretion of
electrolyte-free water in patients with HF, without substan-
tial changes in sodium or potassium excretion. The effects
of some of the VRAs appear to be non-dose-dependent and
just as effective as loop diuretics but without causing the
electrolyte abnormalities and WREF that is often seen in the
treatment with loop diuretics. However, the optimal use of
these agents has yet to be determined, especially in patients
with congestive HF. Although long-term effects on improve-
ment in mortality have not been shown in the Efficacy of
Vasopressin Antagonism in Heart Failure Outcome Study
with Tolvaptan (EVEREST) trial [95], in which the selec-
tive V2 receptor antagonist tolvaptan was added to standard
HF therapy in acute HF patients, many short-term studies
indicate beneficial aquaretic and hemodynamic effects of
the VRAs.

Currently, VRAs are indicated only in patients with
severe hyponatremia, and although available in Europe,
tolvaptan is not officially approved for HF by the European
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Medicines Agency [72, 96], VRASs targeting both the V2
and the Vla receptor may have beneficial hemodynamic
effects in advanced HF [97], and an oral formulation, where
pecavaptan is replacing furosemide, is currently being tested
in a medium-sized trial [98].

4 Inotropic Drugs for Long-term
or Intermittent Administration

Inotropes increase cardiac output (CO) by enhancing car-
diac contractility, and they also have variable vasodilatory or
vasoconstrictive effects depending on the specific inotropic
agent and dosage [99]. Treatment with inotropes is indicated
in advanced HFrEF patients who have severely reduced CO
resulting in end-organ dysfunction either to facilitate decon-
gestion in refractory fluid overload, as a bridge to LVAD or
HTx, or occasionally as a longer-term strategy to improve
symptoms, i.e., as a palliative measure for patients without
other advanced treatment options [13, 23, 99, 100]. These
very specific indications for the use of inotropes are based
on the fact that these agents, although beneficial on the short
term with hemodynamic and consequently symptomatic
improvement, have not been associated with improved out-
comes, and some compounds have, in some studies, in fact
worsened prognosis [13, 101-103]. For instance, in a recent
systematic review and meta-analysis of 66 studies it was
shown that long-term use of inotrope infusions in the ambu-
latory setting in advanced HFrEF improved NYHA class but
did not impact survival [103]. In the following, we review
the evidence for the most commonly used inotropic agents
in advanced HFrEF with special emphasis on the ways of
administration of inotropes (i.e., continuous vs intermittent,
and high versus low dose) (Table 3).

4.1 Dobutamine

Dobutamine is a ;- and B,-adrenergic receptor agonist, and
causes an increase in CO and heart rate, and a decrease in
pulmonary capillary wedge pressure (PCWP) [67]. Evidence
indicates that the use of dobutamine might reduce mortality
if used intermittently [104]. For instance, in one study, it
was shown that long-term intermittent dobutamine infusion
combined with amiodarone improved the survival of patients
with advanced chronic HF refractory to conventional treat-
ment [104]. In this study, which is considered the largest
randomized, double-blind, placebo-controlled clinical trial
to date investigating the long-term effects of intermittent
dobutamine infusion combined with oral amiodarone, 30
patients were included with end-stage chronic HF (NYHA
class I'V) refractory to standard medical treatment and ami-
odarone, with mean age 63 + 9 years, and mean LVEF 23%
+ 5%. All patients received dobutamine infusion of 10 pg/
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kg/min for the first 72 h, after which time they were either
randomized 1:1 to receive intravenous dobutamine or pla-
cebo for 8 h every 14th day. After a median follow-up of
359 days (range: 7-728 days), the results indicated a 60%
reduction in the risk of death from any cause in the group
treated with the combination of dobutamine and amiodar-
one, compared with the group treated with placebo and ami-
odarone (p = 0.048). Other studies exploring the association
between dobutamine and mortality have suggested that the
increased risk of mortality might be related to prolonged
infusions and/or the administration of relatively high doses
of dobutamine [105, 106].

In terms of symptomatic relief, both continuous as well as
intermittent use of dobutamine has been shown to improve
symptoms. For instance, in a retrospecive study [107], 21
patients with palliative end-stage HF, mean age 77 + 9
years, were discharged with continuous intravenous home
dobutamine of 4 ug/kg/min (for a person weighing 80 kg).
Six weeks after the initiation of dobutamine, patients had a
significant improvement in NYHA class and global assess-
ment scale (both p < 0.001) as well as NT-proBNP (6247 vs
2543 pg/mL; p = 0.03). Consistantly, in another study, which
investigated the QoL in 287 patients with advanced refrac-
tory HF symptoms (NYHA class III-IV), mean age 68 + 12
years, and mean LVEF 26% + 13%, the patients were treated
with low-dose, intravenous intermittent dobutamine therapy
(3 pg/kg/min) in an outpatient setting 1-2 times a week
[108]. Dopamine 1-3 pg/kg/min was given for dobutamine
intolerance and to patients with advanced renal failure and
inadequate urinary response. The results indicated an overall
improvement in QoL associated with intermittent low-dose
dobutamine therapy (p < 0.01). Interestingly, multivariate
analysis showed that younger age, non-ischemic cardiomyo-
pathy, and worse renal function were independently associ-
ated with improvement in QoL at 1 year.

4.2 Dopamine

Dopamine is an endogenous catecholamine that, at low
doses (< 3 pg/kg/min), may selectively activate dopamine
receptors and promote renal vasodilatation [109]. There are
no dedicated trials of dopamine in chronic advanced HF, but
two trials tested the effect of low-dose dopamine in hospi-
talized patients with decompensated HF on renal function
and diuresis. The Dopamine in Acute Decompensated Heart
Failure (DAD-HF) trial included 60 patients with mean age
76 + 11 years and mean LVEF 35% + 12%, could not dem-
onstrate an effect of low-dose dopamine combined with
low-dose furosemide compared with high-dose furosemide
alone on renal function, diuresis, or CV events [110]. The
larger Renal Optimization Strategies Evaluation (ROSE)
trial included 360 patients with median age 70 (62—79) years
and median LVEF 33% (22-52), did not demonstrate any

effect of dopamine on diuresis or cystatin C levels compared
with placebo [111]. Taken together, the previously postu-
lated concept of “renal-protective” dopamine in advanced or
acute decompensated HF has not been confirmed in clinical
trials. Consequently, dopamine has no primary role in the
treatment of advanced HF irrespectve of renal function.

4.3 Milrinone

Milrinone is a phosphodiesterase (PDE) inhibitor, with
both inotropic and vasodilator properties, which increase
CO and reduce systemic vascular resistance and PCWP.
It has hemodynamic effects similar to dobutamine but is
associated with less tachycardia [112]. In the Prospective
Randomized Milrinone Survival Evaluation (PROMISE)
[113] study, there was no beneficial effect of milrinone on
mortality. In this trial, 1088 chronic HF patients with NYHA
class ITII-IV despite conventional therapy, with mean age 64
+ 11 years, and mean LVEF 21% + 7%, were randomized to
oral milrinone of 10 mg four times daily or placebo over a
median follow-up period of 6.1 months. The results showed
that milrinone therapy was associated with a 28% (95% CI:
1-61%) increase in total mortality (p = 0.04) and a 34%
(95% CI: 6-69%) increase in CV mortality (p = 0.02). Con-
sistent results were found in the subgroups age < 65 versus
> 65 years and LVEF < 21% versus > 21%, whereas mil-
rinone showed worse effect in NYHA IV. Interestingly, the
beneficial effects of milrinone might then be related to cer-
tain sub-groups only. This view was further supported by the
Outcomes of a Prospective Trial of Intravenous Milrinone
for Exacerbations of Chronic Heart Failure (OPTIME-CHF)
study [114]. A total of 949 chronic HF patients, with mean
age 65 + 15 years, mean LVEF 23% + 8%, and 92% in
NYHA class III-IV, were hospitalized due to an exacer-
bation of chronic HF and randomized to a 48-h infusion
of either milrinone (0.5 pg/kg/min) or saline placebo. The
main result, which was the median number of days hospital-
ized for CV causes within 60 days after randomization, did
not differ significantly between patients given milrinone (6
days) compared with placebo (7 days; p = 0.71). In addition,
milrinone was not significantly associated with in-hospital
mortality or 2-month mortality (3.8% vs 2.3% and 10.3%
vs 8.9%, respectively), nor did the composite endpoint of
death or readmission differ between the two groups. Rather,
milrinone therapy was associated with increased hypoten-
sive episodes and arrhythmias. However, in a sub-group
analysis, where the results were stratified by ischemic and
non-ischemic cardiomyopathy, milrinone-treated patients
with ischemic etiology tended to have worse outcomes than
those treated with placebo in terms of the primary end point
(13.6 days for milrinone vs 12.4 days for placebo, p = 0.055
for interaction) and the composite of death or rehospitali-
zation (42% vs 36% for placebo, p = 0.01 for interaction).
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In contrast, outcomes in non-ischemic patients treated with
milrinone tended to be improved in terms of the primary
end point (10.9 vs 12.6 days placebo) and the composite of
death or rehospitalization (28% vs 35% placebo) [115]. The
role of milrinone in advanced HF is not fully elucidated but
the concept of oral milrinone, now in an extended-release
formulation, is being revitalized in recent small and ongoing
trials [116].

4.4 Enoximone

Enoximone is a type III PDE inhibitor with positive inotropic
and vasodilator properties [117]. It has been investigated in
the Studies of Oral Enoximone Therapy in Advanced HF
(ESSENTIAL I and IT) [118], which consisted of two iden-
tical, randomized, double-blind, placebo-controlled trials
that differed only by geographic location (North and South
America [Essential-I; Europe: Essential-II]). These two tri-
als investigated the effects of low doses of enoximone on
symptoms, exercise capacity, and major clinical outcomes in
patients with advanced HF who were also treated with BBs
and other guideline-recommended background therapy. A
total of 1854 patients, all in NYHA class III-IV, mean age
62 + 12 years, and mean LVEF 24% + 5%, were randomized
to enoximone 25 mg three times daily or placebo. The com-
posite endpoint of total mortality or CV hospitalization did
not differ between the enoximone group (HR 0.97; 95%
CI: 0.80-1.17%) and the placebo group (HR 0.98; 95% CI:
0.86-1.12%). Thus, although low-dose enoximone appeared
to be safe in patients with advanced HF, major clinical out-
comes were not improved.

4.5 Levosimendan

Levosimendan is a calcium sensitizer which causes CO
enhancement (systolic and diastolic function) without
increasing myocardial oxygen demand, vasodilatation lead-
ing to increased peripheral perfusion, decreased PCWP, and
reduced neurohormone levels, such as BNP [67, 119]. A
recent meta-analysis of 50 randomized clinical trials in over
6000 patients, including acutely decompensated as well as
advanced chronic HF patients, amongst others, demonstrated
a reduction in mortality with levosimendan [67, 120].

In comparison to dobutamine, the beneficial effects of
levosimendan has been shown to be superior in some but
not all trials. For instance, in the randomized, double-blind,
double-dummy parallel-group trial, Levosimendan Infusion
versus Dobutamine (LIDO) [119], 203 patients hospitalized
with severe chronic or acute HF (all NYHA III-IV), and with
mean age 59 + 11 years, either received intravenous levo-
simendan starting with a loading dose of 24 pg/kg infused
over 10 min, followed by a continuous infusion of 0.1 pg/
kg/min for 24 h, or dobutamine, which was infused for 24 h
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at an initial dose of 5 pg/kg/min without a loading dose. The
infusion rate was doubled if the response was inadequate at 2
h. The primary endpoint was the proportion of patients with
hemodynamic improvement (defined as an increase of 30%
or more in CO and a decrease of 25% or more in PCWP) at
24 h, and it was achieved in 29 (28%) patients in the levosi-
mendan group and 15 (15%) in the dobutamine group (HR
1.9 [95% CI: 1.1-3.3]; p = 0.022). At 180 days, 27 (26%)
patients in the levosimendan group had died, compared with
38 (38%) in the dobutamine group (0.57 [0.34-0.95]; p =
0.029). However, in contrast, the randomized, double-blind
Survival of Patients With Acute Heart Failure in Need of
Intravenous Inotropic Support (SURVIVE) [121] study
compared the effect of short-term intravenous infusion of
levosimendan or dobutamine on long-term survival in 1327
patients hospitalized with acute decompensated HF (NYHA
class III-IV) who required inotropic support. These patients
had mean age of 67 + 12 years, mean LVEF 24% + 5%, and
received either levosimendan (loading of 12 pg/kg for 10
minutes, followed by infusion of 0.1 pg/kg/min for 50 min-
utes; and increased to 0.2 pg/kg/min for 23 h) or dobutamine
(5 pg/kg/min and increased up to 40 pg/kg per minute). The
results showed that all-cause mortality at 180 days occurred
in 173 (26%) patients in the levosimendan group and in 185
(28%) patients in the dobutamine group (HR, 0.91; 95% CI,
0.74-1.13; p = 0.40). From the LIDO and SURVIVE trials,
it appears that, especially in hospitalized advanced HFrEF
patients, continuous levosimendan might have a beneficial
hemodynamic and mortality reducing effect compared to
dobutamine.

Moreover, there is some indication that continuous levosi-
mendan provides rapid and durable symptomatic relief [122,
123]. For example, in the Randomized Evaluation of Intra-
venous Levosimendan Efficacy (REVIVE I and 1I) [122]
study, 700 patients, with a mean age of 63 + 15 years and
mean LVEF 23% + 7%, admitted with acute decompensated
HF received intravenous levosimendan or placebo for 24 h
in addition to standard treatment. More patients in the levo-
simendan group (n = 58) compared to the placebo group (n
= 44) had improved clinical status at 6 h, 24 h, and 5 days
after randomization. In addition, fewer patients in the levosi-
mendan group (n = 58) compared to the placebo group (n =
82) experienced clinical worsening (p = 0.015 for the differ-
ence between the groups). These differences were apparent,
despite more frequent intensification of adjunctive therapy
in the placebo group (79 vs 45 patients). Improvements in
patient self-assessment and reduction in BNP levels with
levosimendan persisted for 5 days and were associated with
a reduced length of stay (p = 0.009). Consistently, another
study using continuous oral levosimendan of 1 or 2 mg daily
for 180 days versus placebo in 307 NYHA IIIb-IV advanced
HFrEF patients showed improved QoL and decreased NT-
proBNP [124].
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In more recent years, intermittent ambulatory treat-
ment with levosimendan has been investigated in patients
with advanced HF in order to elucidate potiential improve-
ments in outcomes such as functional capacity, QoL, and
event-free survival. For instance, in the pulsed infusions of
Levosimendan in Outpatients with Advanced Heart Failure
(LevoRep) [125] study, 120 NYHA III-IV outpatients with
advanced HF, mean age 70 + 11 years and mean LVEF 24%
+ 5%, received either infusion of levosimendan 0.2 ug/kg/
min or placebo for 6 h every 2 weeks over a total period of
6 weeks, in addition to standard care therapy. There was no
significant difference between the groups in the proportion
of patients with > 20% improvement in the 6-minute walk
test distance (6MWTD) and > 15% score increase on the
Kansas City Cardiomyopathy Questionnaire (KCCQ) at the
end of the 24-week study period (19% in the levosimendan
group vs 15.8% in the placebo group; p = 0.81). However,
interestingly, there was a trend towards better survival as
cardiac death (4 vs 1), HTx (2 vs 1), and acute HF (14 vs
9) were more frequent in the placebo group as compared to
the levosimendan group. Moreover, the incidence of side
effects was comparable between the two groups. In con-
trast, a similar although smaller trial (n = 69), the Levosi-
mendan Intermittent administration in Outpatients: effects
on Natriuretic peptides in advanced chronic HEART failure
(LION-HEART) [126], showed that intermittent administra-
tion of levosimendan compared to placebo in ambulatory
patients with advanced HFrEF reduced plasma concentra-
tions of NT-proBNP, worsening of health-releated QoL, and
hospitalisation for HF. Adverse event rates, however, were
similar in the two treatment groups. The characterisics of
the patients included in the LION-HEART trial were similar
to the LevoRep trial, and although the dose of intravenous
levosimendan was similar in both trials, the protocol of the
LION-HEART trial had an additional 2 cycles of intrave-
nous levosimendan therapy. In another trial, the Effects of
Intermittent Repeated Levosimendan Administration in
patients with Advanced HF (LAICA) [127], 97 patients all
in NYHA III-IV, mean age 69 + 11 years, and mean LVEF
25% + 8%, received either levosimendan of 0.1 pug/kg/min
for 24 h every 30 days or placebo for a year in addition to
optimal medical therapy. Levosimendan did not reduce the
incidence of hospitalization for acute decompensated HF.
However, the results favored levosimendan both in terms of
fewer admissions for acute decompensated HF and in terms
of lower mortality rates. The rate of adverse events was com-
parable between levosimendan and placebo.

Differences among the various trials make it difficult to
draw any firm conclusions; nevertheless, repetitive infu-
sions of levosimendan have demonstrated safety and several
benefits in terms of improved hemodynamics, symptoms,
re-hospitalization rates, and biomarkers [128]. In fact, two
recent meta-analyses indicate that intermittent levosimendan

administration in advanced HF is associated with a signifi-
cant reduction in mortality at the longest follow-up available
[129], as well as in the rehospitalization rate at 3 months
[130]. However, these meta-analyses included several het-
erogenous small trials of a repeated infusion strategy, and
therefore more robust data are needed on hospitalization
and mortality rates associated with repetitive use of levo-
simendan [131]. The ongoing levosimendan infusions for
patients with advanced chronic heart failure (LeoDOR)
[132] trial, tests the hypothesis that repetitive levosimendan
infusions (6 or 24 h) for 12 weeks versus placebo, in addition
to optimized standard therapy, in patients following hospi-
talization for acute HF, will improve outcomes in advanced
HF patients with persistent NYHA III symptoms or high
BNP after a HF hospitalization

5 New Drugs

Several newer drugs have shown beneficial effects in patients
with HFrEF and more advanced symptoms [67]. Omecam-
tiv mecarbil, a cardiac myosin activator, directly improves
cardiac function by increasing systolic ejection time without
increasing ventricular contractility (dp/dt) so that myocardial
oxygen consumption remains constant. Recent trials have
shown favorable results, including decreased ventricular
dimensions and volumes, increased stroke volume and ejec-
tion fraction (EF), and reduced heart rate and NT-proBNP
concentrations [133], improved health-related QoL [134], as
well as a reduction in the composite of a HF-related event or
death from CV causes in the Global Approach to Lowering
Adverse Cardiac Outcomes Through Improving Contractility
in Heart Failure (GALACTIC-HF) randomized clinical trial
[135]. The effect was particularly prominent in patients with
lower LVEF [135, 136]. Consistently, an analysis focused on
2258 patients with severe HF, defined similarly to the HFA
criteria, as with NYHA symptom class III to IV, LVEF <
30%, and with a HF hospitalization within the previous 6
months enrolled in GALACTIC-HF, showed a highly signifi-
cant treatment effect of omecamtiv mecarbil on the primary
endpoint of cardiovascular death or HF hospitalizations (HR,
0.80; 95% Cls, 0.71-0.90) [18].

Vericiguat, a soluble guanylate cyclase stimulator, which
acts by augmenting nitric oxide production, has been shown
to reduce the incidence of death from CV causes or hospi-
talization for HF in patients admitted with HF, or recently
discharged [137]. However, contrary to that observed with
omecamtiv mecarbil, the beneficial effects of vericiguat
on outcome were shown only in patients in the three lower
quartiles of NT-proBNP levels at baseline, which suggests
that this drug may be less effective in patients with more
advanced HF [138].
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Taken together, inotropes generally improve symptoms
in advanced HFrEF patients, and more recent studies using
newer drugs indicate a trend towards better survival. Inter-
mittent levosimendan treatment also improves symptoms;
however, it has not yet been shown to improve survival in
a dedicated trial. New drugs appear promising and could
play an important role in the treatment of advanced HFrEF
patients. In clinical practice, inotropes should only be used
when clinical signs of low CO or high filling pressures
persist, despite the use of conventional therapy, and when
there is end-organ dysfunction. A clear goal should be stated
prior to the initiation of inotropes, such as bridge to improve-
ment and oral guideline-directed medical therapy, bridge
to mechanical circulatory support (MCS)/HTx, or pallia-
tion. The length of the evaluation period as well as when to
reevaluate should be clearly stated. Optimal timing and use
of inotropes require further study.

6 Use of HF Drugs in Durable Mechanical
Circulatory Support

An increasing number of advanced HFrEF patients are liv-
ing with a continuous-flow (CF) LVAD, most commonly as
a bridge to HTx or destination therapy. Thus, an increas-
ing support duration has been reported due to the advance-
ments in LVAD technology along with the limited number
of donor organs [139]. Currently, 2-year survival rates of
LVAD patients are ~ 80%, which is comparable to HTx
[140]. Consequently, most LVAD recipients, including those
with bridge to HTx, remain on LVAD for a longer period of
time. For instance, in the Evaluating the HeartMate 3™ with
Full MagLev Technology in a Post-Market Approval Set-
ting (ELEVATE) trial, only 9% of HeartMate 3™ patients
received a HTx after 2 years [141]. As patients are living
longer with a CF-LVAD, it is of utmost importance to opti-
mize LVAD support of the circulatory system in order to
avoid LVAD recurrence of HF symptoms, especially if there
is no LV recovery, as well as complications such as pump
dysfunction, stroke, aortic regurgitation (AR), ventricular
arrhythmias, and right ventricular (RV) failure, amongst
others [142]. Below describes the use of HF drugs in rela-
tion to lowering risk of complications as well as improving
myocardial recovery in CF-LVAD recipients.

6.1 Blood Pressure Regulation

As the LVAD pump is afterload dependent, it is crucial
to manage BP since uncontrolled hypertension can lead
to decreased LVAD flow and less effective LV unloading,
resulting in complications such as increased risk of stroke
and decreased frequency of aortic valve opening leading to
aortic regurgitation (AR) [143—147]. In previous studies, the
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incidence of stroke was reported to be 17% at 2 years [148],
but recently a considerably lower risk has been reported with
the Heartmate 3 device [149]. The incidence of AR varies
from 10% to 53%, depending on the study [142]. In one
study, investigating the association between high BP and
risk of stroke [143], 275 LVAD recipients were divided into
either of two groups depending on whether their systolic
BP (SBP) w above or below a median of 100 mmHg dur-
ing the last 48 h prior to discharge from implantation hos-
pitalization. Whereas the above-median SBP group had a
mean SBP of 110 mmHg, the below-median SBP group had
a mean SBP of 95 mmHg. The results showed that during
a mean follow-up of 16 months, stroke occurred in 16% of
the above-median SBP group versus 7% in the below-median
SBP group (hazard ratio [HR] 2.38,95% CI 1.11-5.11), with
a similar proportion of hemorrhagic and ischemic strokes
in each group. In another study [146], 48 of 90 (53%) CF-
LVAD recipients developed de novo AR (> mild AR) fol-
lowing CF-LVAD implantation over a duration of 575 days
(range 98-2433 days). Serial readings of SBP and diastolic
blood pressure (DBP) as well as the mean arterial pressure
(MAP) obtained post-operatively at fixed time-intervals indi-
cated that the AR group had significantly higher BP than the
non-AR group at 3 months (SBP, 100 mmHg vs 93 mmHg,
p = 0.038; DBP, 82 mmHg vs 66 mmHg, p < 0.001; and
MAP, 87 mmHg vs 74 mmHg, p < 0.001) and at 6 months
(DBP, 73 mmHg vs 62 mmHg, p = 0.044; MAP, 83 mmHg
vs 75 mmHg, p = 0.049), respectively. In addition, SBP at
3 months was an independent predictor of AR following
CF-LVAD implantation (OR 1.004, 95% CI 1.000-1.009,
p =0.04).

In practice, to lower BP, the 2019 European Association
for Cardio Thoracic Surgery (EACTS) expert consensus
on long-term MCS recommends a MAP < 85 mmHg for
CF-LVADs [142]. As conventional measurement of BP is
somewhat difficult, it is common practice to use a Doppler
BP reading as the mean systemic BP [150]. ACEIs or ARBs
are recommended as first-line drugs for CF-LVAD hyperten-
sion. BBs can be used in combination with ACEIs or ARBs
but caution should be exercised in patients with marginal
RV function. Furthermore, calcium antagonists, especially
the dihydropyridines, can be used as a third option. MRAs
(spironolactone) should be used for their potassium-spar-
ing and antifibrotic effects [142]. Hydralazine and perhaps
ARNI [151-153] are other options of BP-lowering drugs
that can be considered in CF-LVAD recipients with hyper-
tension. Evidence indicates that BP control can be achieved
in patients with CF-LVADs, with the majority of patients
requiring only 1 or 2 antihypertensives [154]. In addition,
most LVAD recipients also require diuretics due to volume
overload, and these agents also lower BP [155]. It is impor-
tant to closely monitor the diuretic dose to ensure relief
of fluid overload and to avoid depletion of intravascular
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volume, which could result in suction events, pump alarms,
arrhythmias, and syncope.

6.2 Chronic Right Heart Failure

Chronic right HF is seen in 10%—15% of patients after LVAD
implant, and it entails typical signs and symptoms of volume
overload such as edema, weight gain, ascites, and jugular
venous distension. Although currently there is no consensus
about the definition of chronic right HF, previous work has
used definitions of chronic right HF on occasions such as the
need for inotropic support or right ventricular assist device
(RVAD) implantation 14 days after surgery, or as rehospital-
ization after index hospital discharge and medical or surgical
treatments, including strengthening of diuretics, inotropic
support and RVAD implantation [156-158]. Studies have
shown that LVAD recipients who develop chronic right HF
after LVAD implant have a worse prognosis [157, 159]. For
instance, in one study of 141 HF patients, mean age 53 +13
years and mean LVEF 16 + 7%, with LVAD as a bridge
to HTX, chronic right HF developed in 12 (15%) patients
during LVAD support. The 5-year post-HTx survival was
significantly worse in those patients who developed chronic
right HF during LVAD support compared with patients who
did not develop chronic right HF (26% vs 87%, p < 0.0001)
[157]. It is recommended that LVAD recipients who develop
chronic right HF be treated with diuretics, as well as ACElIs,
BBs, and MRAs (spironolactone); however, the evidence
for this is rather scarce [142]. Interestingly, a recent proof
of concept study investigated the safety of oral milrinone as
a treatment option in LVAD recipients with severe right HF
[160]. In this study, 6 stable LVAD recipients with mean
age 63 years, and who were at least 30 days post-implant,
developed chronic right HF defined by echocardiography
and confirmed by right heart catheterization with right atrial
pressure > 12 mmHg despite diuretic therapy. The results
indicated that although right atrial pressure, pulmonary
artery pressure, and PCWP did not change significantly, CO
improved from 3.9 + 0.6 to 5.8 + 1.9 L/min (p = 0.036),
and consequently, pulmonary vascular resistance and sys-
temic vascular resistance both decreased significantly. RV
stroke work index also improved as did the QoL measured
by KCCQ (p = 0.041).

6.3 Myocardial Recovery

Myocardial recovery in LVAD recipients refers to the sig-
nificant improvement of the LV function as a consequence
of the mechanical unloading by the LVAD [161], and in
larger series 1%—5% of implanted patients, the LV recovers
to a degree that allows for explant of the device [162, 163].
Myocardial recovery most often occurs in younger patients,
with shorter duration of disease, as well as in those with

HF etiologies such as myocarditis and dilated- and peripar-
tum-cardiomyopathy [164]. The 2019 EACTS expert con-
sensus on long-term MCS [142] recommends continuation
and optimization of medical HF therapy and neurohumoral
blockage in potential recovery candidates. Moreover, it is
recommended that all patients with non-ischemic cardio-
myopathy be treated as potential bridge-to-recovery candi-
dates. To date, no randomized clinical trials on the effect of
neurohormonal blockage in relation to myocardial recovery
in LVAD recipients exist; however, some evidence indicates
that aggressive HFrEF therapy might be beneficial in myo-
cardial recovery [165—-167]. For instance, in the Remission
from Stage D Heart Failure (RESTAGE-HF) [165] study,
myocardial recovery was investigated in LVAD recipients
who received an aggressive pharmacological regimen to
enhance reverse remodeling. In this study, 40 advanced HF
patients with non-ischemic cardiomyopathy, and mean age
35 + 11 years, received the HeartMate II LVAD, and LVAD
speed was optimized with an aggressive pharmacological
regimen based on the Harefield protocol [166] consisting
of 5 drugs (ACEI, ARB, BB, MRA [spironolactone], and
digoxin), which were initiated immediately after the wean-
ing of inotropic support after the LVAD implant and up-
titrated to a MAP > 60 mmHg, as long as the patient was
asymptomatic with adequate renal function and electrolytes
within the normal range. The study demonstrated that 40%
(36/40) of patients achieved the primary endpoint of suffi-
cient improvement of myocardial function to reach criteria
for explantation within 18 months with sustained remission
from HF (freedom from HTx, VAD, death) at 12 months
(p < 0.0001), with 50% (18/36) of patients receiving the
protocol being explanted within 18 months. Overall, 52%
(19/36) were explanted of those receiving the protocol. After
explantation, survival free from LVAD or HTx was 90% at
Year 1, and 77% at Years 2 and 3. In clinical practice, after
CF-LVAD explant for myocardial recovery, patients should
receive lifelong treatment by HF specialists to target medical
therapy and identify recurrence of HF. Moreover, even in
those patients where LV recovery is insufficient to warrant
LVAD explant, the cardiac improvement by HFrEF drugs
may still provide clinical benefit for the patients [168].

7 Conclusions and Future Perspectives

This review has provided an overview of currently available
therapeutic options for patients with advanced HFrEF, as
well as suggestions on how to manage guideline-directed
therapy in this patient group. Altogether, advanced HFrEF
patients benefit from contemporary guideline-directed
HF drugs, and data for newer treatments such as SGLT-2
inhibitors, intravenous ferric caboxymaltose, and omecamtiv
mecarbil are still accumulating. In addition, diuretics are
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usually indicated in most advanced HFrEF patients, often as
combination therapy due to renal dysfunction and diuretic
reisistance. Inotropes should be considered only in those
patients who have persistent clinical signs of low CO or high
filling pressures despite the use of conventional therapy, be
it as a bridge to MCS, HTx, or palliation. Lastly, the role of
HFrEF drugs is important in LVAD recipients in relation to
lowering the risk of complications as well as for improving
myocardial recovery. Ongoing studies, specifically targeting
the advanced HFrEF population, will elucidate whether the
newer HFTEF drugs as well as intermittent use of inotropes
in both in- and out-patient settings, will have a role in this
patient population.
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