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Abstract

For most patients with chronic heart failure (HF), the clinical course of the disease includes periods of apparent clinical
stability punctuated by episodes of clinical deterioration with worsening signs and symptoms, a condition referred to as
worsening heart failure (WHF). Over time, episodes of WHF may become more frequent, and patients may enter a cycle of
recurrent events associated with deterioration in their quality of life and functional capacity, hospitalizations, and ultimately
death. WHF is apparently an old concept but seems to have acquired new boundaries in terms of definition and clinical and
prognostic value due to the fast-paced evolution of the HF treatment landscape and the emergence of new drugs in this set-
ting. As a result, the management of WHF is being reshaped. In the present paper, a group of HF experts gathered to discuss

the concept, prevention, detection, and treatment of WHF.
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Introduction

Chronic heart failure (HF) is associated with a high risk of
morbidity, mortality, and healthcare resource use and cur-
rently represents a substantial public health problem [1]. It
has been considered a global health problem, and its preva-
lence and burden are increasing in both high- and middle-
income countries [2, 3]. Although it is acknowledged that
the global prevalence of HF in the general adult popula-
tion is increasing, prevalence data in the literature have
remained relatively unchanged at 1-3% for several years,
based on estimates from old studies, meta-analyses, and/or
specific or subpopulations [2]. About 6.7 million Ameri-
cans over the age of 20 have HF, a figure that is expected
to increase to 8.5 million by 2030 [4]. A similar trend is
observed in Europe [2, 3, 5]. In fact, one in every four peo-
ple is estimated to develop HF during their lifetime [4].
These numbers will predictably rise in the coming years due
to the increasing longevity of the population and the avail-
ability of better diagnostic tools and medical treatments.
In Portugal, an initial estimate from the EPICA
study reported an overall prevalence of chronic HF of
4.36% [6], a re-estimate based on the EPICA study and
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considering only the aging of the population and data
from the 2011 census by Statistics Portugal indicated
an increase in HF prevalence in the country of 30% by
2035 and 33% by 2060 [7], and the most recent estimate
from the 2023-2024 population-based PORTHOS study
showed a prevalence of 16.5% in the Portuguese popula-
tion aged > 50 years (mostly HF with preserved ejection
fraction [HFpEF; 15.2%] and increasing with age [30.7%
in people aged > 70 years]) [8, 9]. The disease represents
a significant social and economic burden for the country
[10, 11]. It accounts for 2.6% of the total public health
expenditure due to direct and indirect costs [10], similar
to what has been reported in the literature for healthcare
systems around the world [12—14]. These costs are also
expected to increase in the future [10]. Inpatient treat-
ments represent the most important component of the eco-
nomic burden of HF, being responsible for at least half and
up to 80% of the total costs of HF treatment [10, 12-14].
Considering population aging over a 22-year horizon,
the deaths and burden of HF are expected to reach 8,112
deaths and 27,059 disability-adjusted life years (DALYs)
lost in 2036, mainly driven by the increase of years of life
lost [11]. In addition, HF also takes a high toll on patients’
lives, as documented by quality of life (QoL) studies and
surveys [15-17].
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Despite advances in HF therapy over the past decades, HF
is still associated with a dismal prognosis. Mortality rates
are high independently of LVEF [18]. The risk of cardiovas-
cular death appears to be significantly higher in HFrEF com-
pared to HFpEF. Conversely, the risk of non-cardiovascular
death seems to be higher in HFpEF [19-22].

Although most patients with chronic HF under guideline-
directed medical therapy (GDMT) can remain hemodynami-
cally stable and oligo-symptomatic for months to years [23],
they still carry ahigh residual risk of clinical deterioration
and death [23]. In fact, for most patients, the clinical course
of HF includes periods of apparent clinical stability punctu-
ated by episodes of clinical deterioration with worsening
signs and symptoms, a condition referred to as worsening
heart failure (WHF) [23-25]. Over time, episodes of WHF
may become more frequent and patients enter a cycle of
recurrent events [23], associated with the deterioration of
their QoL and functional capacity, as well as the occurrence
of hospitalizations and death.

WHEF is apparently an old concept but seems to have
acquired new boundaries in terms of definition and clinical
and prognostic value. The evolution of the HF treatment
landscape with the emergence of new drugs has prompted
this change and reshaped the management of WHF. How-
ever, although currently recognized as a relevant clinical
phase with significant health, societal, economic, and prog-
nostic impact, there is still debate around the definition of
WHE [26, 27]. This definition is evolving, but WHF remains
poorly characterized and lacks real-world data regarding
incidence, characteristics, and outcomes. The current knowl-
edge is mostly retrieved from randomized controlled trials,
which included highly selected patient populations, or few
real-world studies, which are either retrospective, not pri-
marily focused on WHF, or conducted in specific patient
subgroups [28].

In the present paper, a group of HF experts gathered to
discuss the concept, prevention, detection, and treatment of
WHE.

Worsening heart failure - a specific phase
in the continuum of HF

WHEF is defined by escalating signs and symptoms of HF
in patients with chronic HF despite optimal therapy, also
implying the need for urgent therapy escalation [29-31]. It
is not synonymous with decompensated HF but may culmi-
nate in a fully decompensated clinical picture if not early
identified and timely treated [30]. However, establishing a
clear definition of WHF is challenging, as evidenced on the
recent clinical consensus statement of the European Society
of Cardiology (ESC) [21]. This document excludes from the
definition patients with comorbidities as the primary cause
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of WHF [26], and in addition to worsening signs and symp-
toms of HF in patients with preexisting disease despite stable
optimized background therapy, the definition of WHF com-
prises the need for HF therapy intensification, usually with
loop diuretics. Conversely, it excludes cases of (i) new-onset,
or ‘de novo’ HF (therapy-naive patients) and (ii) concomi-
tant factors (such as comorbidities and/or poor treatment
compliance) as the primary cause of WHF signs, symptoms,
and hemodynamic state in a patient with preexisting HF.

According to this definition, progression of underlying
myocardial and/or valvular disease seems to be the only pre-
cursor of a WHF event. However, in real life, there are com-
mon precipitants for WHF, such as infection, arrhythmia,
myocardial ischemia, uncontrolled hypertension, and renal
failure, among many others [32-34], which can undoubt-
edly contribute to the condition. Also, the consideration of
‘optimized background therapy’ appears to be outside the
context of the real-world practice. Are patients with WHF
truly optimized? What should the definition of 'optimized
therapy' be? Should it be the maximum tolerated therapeutic
dose for each recommended drug for each patient plus the
adequate device therapy? In clinical practice, this therapy
optimization falls short of what is recommended, as shown
in HF registries [32, 35, 36].

WHEF is increasingly acknowledged as a specific phase
in the natural course of chronic HF that marks its progres-
sion and anticipates a substantially worse prognosis [1, 30].
Its occurrence should raise awareness of the fact that the
patient is gradually clinically deteriorating and will require
additional treatment [37]. Several studies have documented
the higher risk of death and HF hospitalizations of patients
with versus without WHE, including the MADIT-CRT trial
[38] and the PARADIGM-HF trial [39].

WHEF and the setting of care

The management of WHF has traditionally been hospital-
based, with the need for intravenous (i.v.) diuretic therapy
[2, 40—44].Observations that an increasing proportion of
patients with WHF also carried a worse prognosis [38, 39]
despite being managed as outpatients [40, 45-48] led to a
shift in this paradigm and supported a definition of WHF
independent of the site of care [26, 29].

In line with this, the definition of WHF currently encom-
passes three possible care settings: the outpatient setting,
usually at the HF clinic; the Emergency Department (ED);
and hospitalization, when patients are admitted for i.v. ther-
apy or other specific treatments [26].

Accumulating data in patients with HF with reduced ejec-
tion fraction (HFrEF) suggest that WHF without hospitali-
zation is associated with a high rate of clinical events but
a lower risk of death compared to WHF that needs to be
managed in the hospital [42, 48-50]. Inpatients with HFpEF,
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the PARAGON-HF trial showed that patients with a first
episode of WHF managed in the hospital had higher rates
of subsequent death than those managed in an urgent HF
visit, and both had higher rates of death than patients not
experiencing WHF [51].

WHEF should be distinguished from acute HF, as they
have a significantly different prognosis. In fact, distinguish-
ing between them has implications for risk stratification.
Although sometimes used interchangeably, these are dis-
tinct entities, with WHF specifically referring to the clinical
course of patients with chronic, preexisting HF, and acute
HF being a much broader entity that includes both the first
manifestation of’de novo’ HF and chronic decompensated
HF. In addition, acute HF has a distinct set of clinical pres-
entations (such as right ventricular failure, acute pulmonary
edema, and cardiogenic shock [52]) and requires hospitaliza-
tion, while WHF can also be managed in the outpatient set-
ting in many cases [41, 53-56]. WHF should also be differ-
entiated from decompensated HF, a threshold within WHF
for the use of additional intensified rescue therapies beyond
the standard GDMTs [57].

WHEF should be considered the beginning of a distinct
high-risk phase in HF and its definition should be revised
[30]. This expert panel therefore proposes an understand-
ing of the HF continuum to guide management in clinical
practice (Fig. 1):

6MWT, 6-min walking test; CA-125, cancer antigen
125; CPET, cardiopulmonary exercise test; ED, Emergency
Department; HF, heart failure; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; NYHA, New York Heart
Association.

How to prevent and/or detect early

Early prevention and detection are the cornerstones of WHF
management.

The pathophysiology of WHF is linked to increasing ven-
tricular filling pressures irrespective of the left ventricular
ejection fraction (LVEF) [58-60]. Congestion can build up
slowly over days to weeks, preceding overt decompensation
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6MWT, 6-min walking test; CA-125, cancer antigen 125; CPET, cardiopulmonary exercise test; ED, Emergency
Department; HF, heart failure; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart
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Fig.1 WHF as a specific high-risk phase in the HF continuum. Repeated events include hospitalizations, ED visits, and unscheduled day hospi-
tal visits. The advanced HF phase is represented by dotted lines, as not all patients with WHF progress to an advanced state
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[59, 60], with hypoperfusion and end-organ injury/dysfunc-
tion potentially also present [52, 61, 62].

The underlying hemodynamic changes that lead to
decompensated HF cannot be accurately detected by an iso-
lated clinical finding or by physical assessment alone [63,
64]. Several congestion scores combining different clinical
markers have been proposed, but they are more often used
as prognostic rather than diagnostic tools [63, 64]. Exercise
tests (as the 6-min walking test [6(MWT] or the cardiopul-
monary exercise test [CPET]) and patient-reported outcome
measures (PROMs; such as the Kansas City Cardiomyopathy
Questionnaire [KCCQ)]) can also be used as objective meas-
urements of WHF and can be more accurate than the NYHA
class alone [26, 65-67]. For instance, the 6MWT is widely
used for the tight follow-up of congestion in pulmonary arte-
rial hypertension patients [68].

Several biomarkers have been shown to be clinically use-
ful in the management of patients with WHF [26, 52, 69-71].
Some authors proposed that an asymptomatic increase in
N-terminal pro-B-type natriuretic peptide (NT-proBNP) or
an increase in troponin could be useful in detecting subclini-
cal worsening without overt worsening signs and symptoms
[30, 72, 73]. Also subclinical worsening of congestion (evalu-
ated by increasing pulmonary artery pressure), magnitude of
asymptomatic change in filling pressure, and bioimpedance,
among others, could act as potential markers of worsening
biology [30]. However, there are caveats in such approaches
as these biomarkers can vary significantly (up to 25%) without
correlation with left ventricular filling pressures. Additionally,
biomarker-based strategies failed to demonstrate a clear ben-
efit in comparison with standard-of-care management [74].

Although several risk scores have been developed to pre-
dict the development of WHF or mortality in patients with
chronic HF [75, 76], there are currently no widely validated
risk scores for patients with a recent episode of WHF.

Remote hemodynamic monitoring through implant-
able devices has a major impact on the management of HF
patients. The CHAMPION trial demonstrated the benefit
of pulmonary artery pressure-guided HF monitoring with
the CardioMEMS® system in patients with high-risk and
advanced HF by showing a significant reduction in HF-
related hospitalizations at 6 months and during the entire
follow-up [77, 78]. A subsequent meta-analysis including
CHAMPION and other four implantable hemodynamic
monitoring trials across a range of ejection fractions showed
that this approach was effective in reducing WHF events in
patients with HFrEF (HR 0.75, 95% CI 0.66—0.86) [79]. Its
effect in patients with HFpEF remains uncertain [79].

The benefits of noninvasive telemonitoring in the early
identification of HF decompensation and consequent reduc-
tion of HF hospitalization and cardiovascular (CV) mortal-
ity have not been fully demonstrated, so a tailored use of
remote monitoring should be applied [80, 81]. Noninvasive
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home telemonitoring involves periodic self-measurement
by patients — typically on a daily basis — of various biodata,
including vital signs, weight, and electrocardiogram, accord-
ing to a defined plan. These data are then transmitted remotely
to healthcare providers for review [82, 83]. While the use of
noninvasive telemonitoring is appealing and user-friendly,
its effectiveness depends on timely review of the transmitted
data, ideally on the same day, which requires a 24/7 telemedi-
cine service. Alerts are generated when a patient’s biodata
exceed specific cut-offs, prompting medical intervention
to determine appropriate management and prevent WHE.
Despite the potential of noninvasive telemonitoring, clinical
trials have shown mixed results regarding its efficacy. While
some studies suggest clinical benefit [80, 84], its role in the
management of patients with HF remains controversial. Inter-
national guidelines currently do not recommend the routine
use of telemonitoring due to inconsistent evidence [85, 86].

The detection of WHF in clinical practice should ulti-
mately rely on a set of clinical parameters, biomarkers, and
imaging markers, depending on the severity of the patient’s
clinical status, the care setting, and the local logistics. In
the outpatient setting, hemodynamically stable HF patients
might benefit from follow-up according to self-monitoring
(weight, signs, and symptoms) and local protocols [87, 88].
This will include periodic evaluation through PROMs (vali-
dated HF questionnaires), exercise tests (e.g., 6-min walking
test), echocardiographic study (evaluating simple metrics as
inferior vena cava diameter, jugular venous pressure, renal
venous pressure, VEXUS, and E/e” ratio), lung ultrasonogra-
phy (lung B-lines), and some biomarkers (e.g., NT-proBNP,
troponin, and CA-125 levels), as symptoms/signs of WHF
sometimes may go unnoticed or appear late [26, 30, 65-67,
72,73, 89, 90]. These evaluations are also important at pre-
discharge to determine the next therapeutic strategy (namely
the diuretic regimen), but also to individualize the different
HF phenotypes that require different GDMT to be initiated
prior to discharge: either the four pillars (angiotensin recep-
tor/neprilysin inhibitors [ARNi]/angiotensin-converting
enzyme inhibitors [ACEi], beta-blockers, mineralocorticoid
receptor antagonists [MRA], sodium-glucose co-transporter
2 inhibitors [SGLT2i]) for HFrEF; or SGLT2i for HFpEF
or HF with mildly reduced ejection fraction (HFmrEF)
[26, 85, 91]. Importantly, finerenone, a nonsteroidal MRA,
has recently been shown to be a disease-modifying drug in
HFmrEF and HFpEF in the FINEARTS-HF study [92] and,
although not yet included in the guidelines, should be con-
sidered as a pivotal therapy in those populations.

In addition, and according to the patient’s characteris-
tics, individualized tests may be required during follow-up.
Remote (noninvasive or invasive) monitoring, including
device-based (e.g., CardioMEMS® or OptiVol methodol-
ogy), may also be helpful in several HF settings to reduce
hospitalizations [78, 81, 93-96].
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Importantly, given the high prevalence of HF, particularly
HFpEF [8, 9], which is steadily increasing in the commu-
nity, the implementation of these recommendations requires
specialized structures supported by multidisciplinary teams
and integrated HF programs that provide timely access to
medical care (outpatient diagnosis and treatment) and pre-
vent hospitalizations. To this day, the implementation of HF
Clinics — with a special emphasis on day hospitals, special-
ized centers focused on the comprehensive management of
HF - remains an organizational challenge, as they require
significant resources, including trained personnel and proper
infrastructures, as well as sustainable funding models [97, 98].

Based on this body of evidence, the following measures
are proposed to detect and prevent WHF in HFrEF, HFmrEF,
and HFpEF in clinical practice (Fig. 2):

6MWT, 6-min walking test; CA-125, cancer antigen
125; CPET, cardiopulmonary exercise test; GDMT, guide-
line-directed medical therapy; HF, heart failure; HFmrEF,
heart failure with mildly reduced ejection fraction; HFpEF,
heart failure with preserved ejection fraction; HFrEF, heart

failure with reduced ejection fraction; NYHA, New York
Heart Association; PROMs, patient reported outcomes
measures; SGLT2i, sodium-glucose co-transporter 2 inhib-
itors; VEXUS, venous excess ultrasonography.

How to treat early

Upon a WHF event, beyond the use of i.v. or/and higher
oral dose diuretics, an optimized pharmacological strategy
should be defined for each individual patient. Although
evidence is still accumulating, some novel agents appear to
have beneficial effects on CV outcomes in this HF popula-
tion (Table 1).

WHEF treatment —from concept to clinical practice

Several systems and mechanisms are recognized as criti-
cally pathogenic in HF and have been implicated in the

~ UNMASKING WORSENING HEART FAILURE: PROACTIVE STRATEGIES FOR EARLY DETECTION AND PREVENTION
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6MWT, 6-min walking test; CA-125, cancer antigen 125; CPET, cardiopulmonary exercise test; GDMT, guideline-
directed medical therapy; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF,
heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; NYHA, New York
Heart Association; PROMs, patient reported outcomes measures; SGLT2i, sodium-glucose co-transporter 2

inhibitors; VEXUS, venous excess ultrasonography

Fig.2 Measures for early detection and prevention of WHF in HFrEF, HFmrEF, and HFpEF
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progression of WHF(reviewed in [26]). The autonomic
nervous system, the renin—angiotensin—aldosterone system
(RAAS), the natriuretic peptide system, and the guanylate
cyclase system represent critical regulatory pathways in HF
[99-105], and the burden of the disease can only be reduced
through a holistic approach targeting the several systems.
This is particularly true in high-risk HF patients, as those
with a recent WHF episode[106].

Treatment strategies for WHF have been investigated in
both WHF-dedicated and non-dedicated trials and are briefly
reviewed in Table 1.

Data on WHF retrieved from chronic HF trials

Although not having WHF as an inclusion criterion, some
HF trials have enrolled patients with WHF and studied their
outcomes, providing some insights into this specific patient
population (Table 1). However, it should be noted that these
trials have used different definitions of WHF.

Data on WHF retrieved from dedicated WHF trials

To date, only a reduced number of trials have looked specifi-
cally into the outcomes of patients with WHF. The increas-
ing recognition of WHF as a specific phase in the course
of chronic HF has spurred the development of dedicated
WHEF trials, with a growing body of evidence showing the
benefit of GDMT in the management of outpatient WHF
events. Three agents have been investigated in this setting:
vericiguat, sotagliflozin, and omecamtiv mecarbil (Table 2).

Vericiguat

Despite the well-established benefit of RAAS inhibi-
tors, beta-blockers, MRA, and SGLT2i in the treatment of
chronic HF, patients with WHF continue to suffer from an
unacceptable rate of events. A long and well-established
line of research has demonstrated that the impairment of
the nitric oxide-soluble guanylate cyclase-cyclic guanosine
monophosphate (NO-sGC-cGMP) system is associated with
important deleterious effects on the CV and renal systems
[112]. Oxidative stress and endothelial dysfunction impair
the production of nitric oxide and therefore soluble gua-
nylate cyclase activity, which ultimately leads to cyclic
guanosine monophosphate (cGMP) deficiency [113, 114].
Vericiguat is an oral soluble guanylate cyclase stimulator
that activates the NO-sGC-cGMP system and may therefore
improve and even reverse the alterations seen in the heart
(by reducing myocardial stiffening, fibrosis, and ventricu-
lar hypertrophy and remodeling), kidneys (by decreasing
fibrosis and improving renal blood flow), and systemic and
pulmonary vessels (by enhancing endothelial function and
reducing vasoconstriction) [115, 116].

After a long development program that began more than
20 years ago and included the SOCRATES-REDUCED
trial [117], which showed a dose-dependent effect in HFrEF
patients, the efficacy of vericiguat in the treatment of WHF
was investigated in the VICTORIA trial. The trial enrolled
5050 patients with symptomatic chronic HFrEF and HF with
mildly reduced EF (LVEF cut-off under 45%) and evidence
of WHEF, defined as HF hospitalization within the 6 months
before randomization or receiving IV diuretic therapy with-
out hospitalization within the previous 3 months [118]. In
the study, the primary endpoint, a composite of CV death
and hospitalization for HF, occurred in 35.5% of the veri-
ciguat group and 38.5% of the control group, representing
a significant relative risk reduction of 10% in favor of veri-
ciguat (HR 0.90, 95% CI 0.82-0.98), which translated into
an absolute risk reduction of 4.2 events per 100 patient/year.
This high event rate in the placebo group highlighted the
high-risk profile of the WHF patient. Regarding the second-
ary endpoints, vericiguat showed a significant reduction in
total HFH (HR 0.91, 95% Cl1 0.84-0.99) and the composite
of HFH or all-cause mortality (HR 0.95, 95% C10.84-1.07),
but failed to meet the endpoint of CV death. Importantly,
patients could be included with an eGFR above 15 mL/
min/1.73 m?, and no significant interaction with renal func-
tion was noted.

In terms of safety, vericiguat was well tolerated, with
a similar overall frequency of adverse events and adverse
events related to renal function or electrolyte balance com-
pared to placebo. Systolic blood pressure showed a slight
decline in the first 16 weeks and then returned to base-
line, with a mean reduction of systolic blood pressure of
1-2 mmHg vs placebo. Importantly, symptomatic hypoten-
sion was similar among groups (9.1% in the vericiguat group
versus 7.9% of the patients in the placebo group, P=0.12),
as it was syncope (4.0% in the vericiguat group versus 3.5%
in the placebo group, p=0.30).

Data from the pivotal VICTORIA trial showed the benefit
of increasing soluble guanylate cyclase activity with veri-
ciguat in patients with chronic HF with a recent decompen-
sation and led to its inclusion in the treatment armamentar-
ium for patients with HFrEF by the ESC and the American
College of Cardiology (ACC)/American Heart Association
(AHA) in addition to the other four mainstays of treatment,
with a class IIb indication[26, 52, 91, 119, 120].

The early post-discharge period, also called the “vul-
nerable phase”, has high mortality and hospital readmis-
sion rates, highlighting the need fora therapeutic approach
of early and simultaneous (or rapid sequence initiation) of
foundational therapies [24].The benefits of such a strategy
were demonstrated in the STRONG-HF trial, where rapid,
simultaneous up-titration of GDMTs and close follow-up
were associated with a significant reduction of all-cause
death or HF readmissions and increased patient QoL [121].

@ Springer
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However, the implementation of GMDT remains subopti-
mal. Therefore, vericiguat could be offered as a pillar after
a WHF event to better control the progression of HF. As
these challenging patients often suffer from impaired kid-
ney function, hyperkalemia, and hypotension, the favorable
tolerability profile of vericiguat is of particular interest for
this subset of patients.

Sotagliflozin

Sotagliflozin is a SGLT2i with a dual-receptor binding
affinity for SGLT1 and SGLT2. After SGLT2i have shown
efficacy in reducing the risk of hospitalizations for HF and
all-cause and CV death among patients with stable HFrEF in
several studies, including DAPA-HF [108]and EMPEROR-
REDUCED[109], a third agent in this class, sotagliflozin,
was investigated when initiated shortly after a WHF event in
the SOLOIST-WHEF trial [122]. This randomized, placebo-
controlled, phase 3trial evaluated sotagliflozin in diabetic
patients with HFr/pEF recently hospitalized for WHF [122].
The primary endpoint was a composite of death from CV
causes and hospitalizations or urgent care visits for HF.
Study results showed a lower rate of primary endpoint events
in the sotagliflozin arm (51.0 per 100 patient-years) com-
pared to the placebo arm (76.3 per 100 patient-years; HR
0.67,95% CI1 0.52-0.85; p<0.001), indicating the benefit of
sotagliflozin in the treatment of WHF in patients with either
reduced or preserved ejection fraction (the latter comprising
21% of the study population) when administered soon after
a decompensated HF event.

Omecamtiv mecarbil

Omecamtiv mecarbil is a selective cardiac myosin activator
that prolongs the duration of left ventricular systole without
the undesirable secondary effects of altered calcium homeo-
stasis and without changing the velocity of pressure develop-
ment, improving cardiac function in patients with chronic
HFrEF [123].

Its potential effects in the treatment of WHF were
assessed in the randomized, placebo-controlled, phase 3
GALACTIC-HF trial, in which omecamtiv mecarbil was
associated with an 8% lower relative risk of the compos-
ite primary endpoint of time to CV death or first HF event
[124]. The trial showed that, in patients with HFrEF who
were either hospitalized at the time of enrolment for a pri-
mary HF reason or had a hospitalization or ED admission
for HF within 1 year before screening, omecamtiv mecarbil
added to GDMT significantly lowered the incidence of a HF
event or death from CV causes (HR 0.92; 95% CI 0.86-0.99;
p=0.025).Although the effect of omecamtiv mecarbil was
generally consistent across subgroups, a possible interaction
was seen with ejection fraction at baseline. In fact, although

there was no benefit of this agent on the primary compos-
ite outcome for patients with a median LVEF >28% (HR
1.04; 95% CI 0.94-1.16), a 16% lower risk was observed
for patients with a median LVEF <28% (HR 0.84; 95% CI
0.77-0.92). Of note, omecamtiv mecarbil has been associ-
ated with an increase in troponin levels as a result of the
drug's effect on myocardial workload [124].

As of December 2024, the incorporation of omecamtiv
mecarbil into clinical practice guidelines is pending further
validation and regulatory approval.

In addition to providing evidence of the benefit of treat-
ing WHF with GDMT, the VICTORIA, SOLOIST-WHEF,
and GALACTIC-HF trials consistently documented these
patients’ high risk, by reporting a higher rate of the compos-
ite primary endpoint of CV death and HF hospitalization in
the control group. Compared with other HFrEF landmark tri-
als (38.5%, 39.1%, and 76.3% in the VICTORIA, GALAC-
TIC-HF, and SOLOIST-WHEF trials vs. 26.5%, 21.2%, and
24.7%, in the PARADIGM-HF, DAPA-HF, or EMPEROR-
REDUCED trials) [107-109, 118, 122, 124].

Given the challenges of keeping patients in the recom-
mended GDMT uptake, the optimal therapeutic strategy
(including therapy initiation and uptitration) should be
tailored to each patient according to his/her characteristics
and tolerability, as well as vital signs, renal function, elec-
trolytes, and comorbidities. In this assessment, monitoring
parameters such as blood pressure, heart rate, renal function,
and potassium levels may be relevant for therapy initiation
and uptitration [52].

Extensive data support the use of quadruple therapy and
innovative drugs for the treatment of HFrEF and SGLT2i
for the treatment of HFmrEF and HFpEF, but the uptake
of GDMT remains low due to tolerability issues, economic
constraints, and limited drug access [127]. In addition, phy-
sician inertia and lack of patient compliance also contribute
to the suboptimal use of GDMT. A tailored approach for
patients with WHF, taking into account the impact of toler-
ability and other issues, is essential for the optimization and
full implementation of GDMT. In the STRONG-HF trial,
patients readily accepted an intensive treatment strategy of
rapid pre-discharge initiation of all treatment pillars and sub-
sequent titration of GDMT during frequent post-discharge
follow-up with monitoring of clinical status and labora-
tory values with serial measurements of NT-proBNP, as it
reduced symptoms, improved QoL, and reduced the risk of
all-cause death or HF readmission compared with usual care
[121].

In addition, after a WHF event, a single treatment adjust-
ment, such as oral diuretics, disease-modifying drugs for
HFrEF, HFmrEF, or HFpEF, or drugs to treat comorbidities
(especially relevant for WHF in HFpEF), is often not suf-
ficient and urgent i.v. treatment is required (e.g. i.v. diuret-
ics, commonly used for decongestion in all HF phenotypes).

@ Springer
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HOW TO TREAT WORSENING HF IN HFrEF EARLY

Vericiguat

= NYHA 111l

event + NSR

+ SBP =100 mmHg + Heart rate = 70 bpm
+ eGFR > 15 mL/min/1.73m? + Onmaximally tolerated
+ IV diuretics > 24h beta blocker

+ NYHA I
« Stabilization after a WHF

WHF event/progression
Improvement needed

+ In patients with
iron deficiency

Patient Settings:
» Patient on full dose GDMT y
+ Patient on suboptimal GDMT ¢
(due to impaired kidney function,
hyperkalemia, hypotension, heart
rate, or other)

| S

Chronic HFrEF Digoxin

ESC 2021 - Classes of Recommendation:
[ Class | recommended/indicated)
[ Class lla (should be considered)
[ Class lIb (may be considered)

+ For Black patients with
LVEF < 35% or with an
LVEF < 45% combined
with a dilated LV in NYHA
class IlI-IV

« May be considered in
patients with
symptomatic HFrEF in
NSR

Diuretics as needed
-arly treatment of comorbidities

ACEi, angiotensin-converting enzyme inhibitor; ARNi, angiotensin receptor neprilysin inhibitor; bpm,
beats per minute; eGFR, estimated glomerular filtration rate; ESC, European Society of Cardiology;
GDMT, guideline-directed medical therapy; HF, heart failure; HFrEF, heart failure with reduced ejection
fraction; 1V, intravenous; LV, left ventricle; LVEF, left ventricular ejection fraction; MRA,
mineralocorticoid receptor antagonist; NYHA, New York Heart Association; SBP, systolic blood pressure;
SGLT2i, sodium-glucose cotransporter inhibitor; NSR, normal sinus rhythm; WHF, worsening heart

failure.

Fig. 3 Proposal for early pharmacological management of WHF in HFrEF. Color code for classes of recommendation: green for class of recom-
mendation I; yellow for class of recommendation Ila; orange for class of recommendation IIb (based on the 2021 ESC Guidelines [52])

Other treatments, such as i.v. administration of intermittent
doses of levosimendan to reduce plasma NT-proBNP, wors-
ening health-related QoL, and hospitalizations for HF, in
outpatients with advanced chronic HFrEF on a trajectory to
either definitive intervention by heart transplantation or left
ventricular assist device implantation, or a palliative care
pathway, are also required [128, 129]. The HF day hospital
plays a critical role in improving access to care, providing
timely outpatient i.v. treatment, reducing hospitalizations
and associated costs, and improving patient QoL.

In line with this, a framework for the management of
patients with HFrEF experiencing WHF is proposed, empha-
sizing the urgency of managing congestion and precipitants
and initiating quadruple medical therapy along with addi-
tional medications to mitigate residual clinical risk (Fig. 3).
Conversely, treatment options for HFpEF remain limited,
with only SGLT2 inhibitors recommended as class IA thera-
pies. In both cases, it is essential to prioritize early man-
agement of comorbidities and diuretic use in this patient
population.

ACE]i, angiotensin-converting enzyme inhibitor; ARNi,
angiotensin receptor neprilysin inhibitor; bpm, beats per

@ Springer

minute; eGFR, estimated glomerular filtration rate; ESC,
European Society of Cardiology; GDMT, guideline-directed
medical therapy; HF, heart failure; HFrEF, heart failure with
reduced ejection fraction; IV, intravenous; LV, left ventricle;
LVEF, left ventricular ejection fraction; MRA, mineralocor-
ticoid receptor antagonist; NYHA, New York Heart Associa-
tion; SBP, systolic blood pressure; SGLT21i, sodium-glucose
cotransporter inhibitor; NSR, normal sinus rhythm; WHEF,
worsening heart failure.

Lastly, beyond pharmacological therapy, the guidelines
recommend optimization of GDMT inpatients with HFrEF
with severe secondary mitral regurgitation either with
surgery, in patients with an indication for coronary artery
bypass grafting (CABG), or with transcatheter edge-to-edge
repair (TEER) in patients who meet the COAPT (Cardiovas-
cular Outcomes Assessment of the Mitra Clip Percutaneous
Therapy for HF Patients With Functional Mitral Regurgita-
tion) trial inclusion criteria [27, 52, 130], as well as cardiac
resynchronization therapy (CRT) or implantable cardio-
verter-defibrillator (ICD) if indicated[131, 132].
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Conclusions

WHF marks the beginning of a high-risk phase in the clini-
cal course of HF, but is not recognized or treated promptly,
leading to impaired QoL and functional capacity and poor
outcomes.

After careful consideration of all the evidence gathered
and presented in this article, the expert panel highlights the
following key messages:

e Although recognized as a relevant clinical phase with
significant health, social, economic, and prognostic
impact, there is no consensus among experts on the
definition of WHF. In addition, the condition remains
poorly characterized and lacks real-world data.

e The definition of WHF should be revised and clearly
established, although it is acknowledged that the con-
cept of WHF is difficult to delimitate and define in the
journey of patients living with chronic HF.

e The concept of ‘optimized background therapy’ for
these patients is still not implemented in clinical prac-
tice. It should also be clearly defined and incorporated
into the usual management of these patients.

e Early prevention and detection are the cornerstones
of WHF management. Detection of WHEF in clinical
practice should rely on clinical parameters, imaging
markers, biomarkers, and assessment of the patient's
functional capacity according to the severity of his/her
clinical status, care setting, and local logistics. Preven-
tion of WHF should be based on patient-centered opti-
mized therapy for chronic HF, a “dry before discharge”
strategy, early initiation of the four pillars of treatment
for HFrEF and SGLT2i for HFpEF, and elaboration
of a tailored follow-up plan and patient education and
empowerment.

e Some novel agents have shown benefit on CV outcomes
in patients with WHF and should be included in their
management as part of standard GDMT.

e The uptake of GDMT remains low due to tolerability
issues, economic constraints, and limited drug access
and should be optimized and fully implemented as it is
critical to improve the outcomes of patients with WHF.

e Referral of high-risk HF patients to HF clinics with
day hospitals, multidisciplinary teams, and integrated
programs must be a priority.

Acknowledgements The authors acknowledge the medical writing assis-
tance provided by Joana Cavaco-Silva, Ph.D. (jo.cvsilva@gmail.com).

Author contributions All authors contributed equally to this article
through conceptualization, literature search, data analysis, drafting,
and critical revision of the work.

Funding Medical writing assistance provided by Joana Cavaco Silva,
Ph.D., from ScienceCircle - Scientific and Biomedical Consulting (jo.
cvsilva@gmail.com), was funded by Bayer AG.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Ethical standards The manuscript does not contain clinical studies or
patient data.

Competing interests CF received consultancy fees, grants, and speak-
er’s honoraria from Astra Zeneca, Bayer, Bial, Boehringer Ingelheim,
Novartis, Novo Nordisk, Pfizer, Roche, Sanofi, Servier, and CSLVifor.
RB received speaker, advisory board, and grant funding fees from Astra-
Zeneca, Bayer, Bial, Boehringer Ingelheim, Lilly, Menarini, Merck,
MSD, Novartis, Pfizer, Servier Portugal, and Vifor Pharma. FF received
consultant fees from Bayer, AstraZeneca, Boehringer Ingelheim, and
Medinfar. BM received consultant or speaking fees from AstraZeneca,
Boehringer Ingelheim, Eli Lilly, Servier, Novartis, Vifor pharma, and
Viatris. JP received speaker and consultant fees from Astra Zeneca,
Bayer, Bial, Boehringer-Ingelheim, Lilly, Merck, Novartis, Pfizer, Roche
diagnostics, Servier, and CSL Vifor. PMS received consultant or speak-
ing fees from AstraZeneca, Bayer, Boehringer Ingelheim, Eli Lilly, and
Pfizer. JSC received research, consultant, or speaking fees from Astra-
Zeneca, Bayer, Bial, Boehringer Ingelheim, Eli Lilly, Novartis, Pfizer,
Servier, and Vifor Pharma. DB received consultancy fees and lectures
or scientific meeting sponsorship from Alnylam, AstraZeneca, Bayer,
Bial, Boehringer Ingelheim, Novartis, and Pfizer.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material.
You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc-nd/4.0/.

References

1. Butler J, Yang M, Manzi MA et al (2019) Clinical course of
patients with worsening heart failure with reduced ejection frac-
tion. J Am Coll Cardiol 73:935-944. https://doi.org/10.1016/j.
jacc.2018.11.049

2. Savarese G, Becher PM, Lund LH et al (2023) Global burden of heart
failure: a comprehensive and updated review of epidemiology. Car-
diovasc Res 118:3272-3287. https://doi.org/10.1093/cvr/cvac013

3. James SL, Abate D, Abate KH et al (2018) Global, regional,
and national incidence, prevalence, and years lived with dis-
ability for 354 diseases and injuries for 195 countries and terri-
tories, 1990-2017: a systematic analysis for the Global Burden

@ Springer


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jacc.2018.11.049
https://doi.org/10.1016/j.jacc.2018.11.049
https://doi.org/10.1093/cvr/cvac013

730

Heart Failure Reviews (2025) 30:715-734

11.

12.

13.

14.

15.

17.

18.

19.

20.

of Disease Study 2017. Lancet 392:1789-1858. https://doi.org/
10.1016/S0140-6736(18)32279-7

Bozkurt B, Ahmad T, Alexander KM et al (2023) Heart Failure
Epidemiology and Outcomes Statistics: A Report of the Heart
Failure Society of America. J Card Fail 29:1412-1451. https://
doi.org/10.1016/j.cardfail.2023.07.006

Groenewegen A, Rutten FH, Mosterd A, Hoes AW (2020) Epi-
demiology of heart failure. Eur J Heart Fail 22:1342-1356.
https://doi.org/10.1002/ejhf.1858

Ceia F, Fonseca C, Mota T et al (2002) Prevalence of chronic
heart failure in Southwestern Europe: the EPICA study. Eur J
Heart Fail 4:531-539. https://doi.org/10.1016/S1388-9842(02)
00034-X

Fonseca C, Bras D, Aradjo I, Ceia F (2018) Insuficiéncia
cardiaca em niimeros: estimativas para o século XXI em Por-
tugal. Rev Port Cardiol 37:97-104. https://doi.org/10.1016/j.
repc.2017.11.010

Baptista R et al (2024) PORTHOS - Portuguese Heart Failure
Prevalence Observational Study. In: Heart Failure 2024. p Sat-
urday, 11 May-Tuesday, 14 May 2024 Lisbon-P

Baptista R, Silva Cardoso J, Canhdo H et al (2023) Portuguese
Heart Failure Prevalence Observational Study (PORTHOS)
rationale and design — A population-based study. Rev Port
Cardiol 42:985-995. https://doi.org/10.1016/j.repc.2023.10.
004

Gouveia MR de A, Ascencdo RMS e S, Fiorentino F, et al (2020)
Os custos da insuficiéncia cardiaca em Portugal e a sua evolugdo
previsivel com o envelhecimento da populagdo. Rev Port Cardiol
39:3—11. https://doi.org/10.1016/j.repc.2019.09.006

Gouveia M, Ascengdo R, Fiorentino F et al (2019) The current
and future burden of heart failure in Portugal. ESC Hear Fail
6:254-261. https://doi.org/10.1002/ehf2.12399

Clark H, Rana R, Gow J et al (2022) Hospitalisation costs associ-
ated with heart failure with preserved ejection fraction (HFpEF):
a systematic review. Heart Fail Rev 27:559-572. https://doi.org/
10.1007/s10741-021-10097-7

Hessel FP (2021) Overview of the socio-economic consequences
of heart failure. Cardiovasc Diagn Ther 11:254-262. https://doi.
org/10.21037/cdt-20-291

Osenenko KM, Kuti E, Deighton AM et al (2022) Burden of
hospitalization for heart failure in the United States: a systematic
literature review. ] Manag Care Spec Pharm 28:157-167. https://
doi.org/10.18553/jmcp.2022.28.2.157

Johansson I, Joseph P, Balasubramanian K et al (2021) Health-
related quality of life and mortality in heart failure: the global
congestive heart failure study of 23 000 patients from 40 coun-
tries. Circulation 143:2129-2142. https://doi.org/10.1161/
CIRCULATIONAHA.120.050850

Freedland KE, Rich MW, Carney RM (2021) Improving quality
of life in heart failure. Curr Cardiol Rep 23:159. https://doi.org/
10.1007/s11886-021-01588-y

Mulugeta H, Sinclair PM, Wilson A (2023) Prevalence of depres-
sion and its association with health-related quality of life in peo-
ple with heart failure in low- and middle-income countries: a
systematic review and meta-analysis. PLoS ONE 18:¢0283146.
https://doi.org/10.1371/journal.pone.0283146

Taylor CJ, Ordéiiez-Mena JM, Jones NR et al (2021) National
trends in heart failure mortality in men and women, United King-
dom, 2000-2017. Eur J Heart Fail 23:3-12. https://doi.org/10.
1002/ejhf.1996

Koh AS, Tay WT, Teng THK et al (2017) A comprehensive
population-based characterization of heart failure with mid-range
ejection fraction. Eur J Heart Fail 19:1624—1634. https://doi.org/
10.1002/ejhf.945

Chen S, Huang Z, Liang Y et al (2022) Five-year mortality of
heart failure with preserved, mildly reduced, and reduced ejection

@ Springer

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

fraction in a 4880 Chinese cohort. ESC Hear Fail 9:2336-2347.
https://doi.org/10.1002/ehf2.13921

Shah KS, Xu H, Matsouaka RA et al (2017) Heart failure with
preserved, borderline, and reduced ejection fraction. ] Am Coll
Cardiol 70:2476-2486. https://doi.org/10.1016/j.jacc.2017.08.
074

Nagata T, Ide T, Tohyama T et al (2023) Long-term outcomes
of heart failure patients with preserved, mildly reduced, and
reduced ejection fraction. JACC Asia 3:315-316. https://doi.
org/10.1016/j.jacasi.2022.11.013

Greene SJ, Fonarow GC, Butler J (2020) Risk profiles in heart
failure: baseline, residual, worsening, and advanced heart failure
risk. Circ Heart Fail 13:e007132. https://doi.org/10.1161/CIRCH
EARTFAILURE.120.007132

Greene SJ, Fonarow GC, Vaduganathan M et al (2015) The
vulnerable phase after hospitalization for heart failure. Nat Rev
Cardiol 12:220-229. https://doi.org/10.1038/nrcardio.2015.14
Butler J, Braunwald E, Gheorghiade M (2014) Recognizing
worsening chronic heart failure as an entity and an end point
in clinical trials. JAMA 312:789. https://doi.org/10.1001/jama.
2014.6643

Metra M, Tomasoni D, Adamo M, et al (2023) Worsening of
chronic heart failure: definition, epidemiology, management and
prevention. A clinical consensus statement by the heart failure
association of the European society of cardiology. Eur J Heart
Fail. https://doi.org/10.1002/ejht.2874

Heidenreich PA, Bozkurt B, Aguilar D, et al (2022) 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. Cir-
culation 145. https://doi.org/10.1161/CIR.0000000000001063
Shakoor A, Emans ME, van Gent MWF et al (2023) Regional
management of worsening heart failure: rationale and design of
the CHAIN-HF registry. ESC Hear Fail. https://doi.org/10.1002/
ehf2.14354

Greene SJ, Mentz RJ, Felker GM (2018) Outpatient worsening
heart failure as a target for therapy. JAMA Cardiol 3:252. https://
doi.org/10.1001/jamacardio.2017.5250

Greene SJ, Bauersachs J, Brugts JJ et al (2023) Worsening heart fail-
ure: nomenclature, epidemiology, and future directions. J Am Coll
Cardiol 81:413-424. https://doi.org/10.1016/j.jacc.2022.11.023
Greene SJ, Bauersachs J, Brugts JJ et al (2023) Management of
worsening heart failure with reduced ejection fraction. J Am Coll
Cardiol 82:559-571. https://doi.org/10.1016/j.jacc.2023.04.057
Kobayashi M, Voors AA, Girerd N et al (2020) Heart failure eti-
ologies and clinical factors precipitating for worsening heart fail-
ure: Findings from BIOSTAT-CHF. Eur J Intern Med 71:62-69.
https://doi.org/10.1016/j.ejim.2019.10.017

Pagnesi M, Adamo M, Sama IE et al (2021) Impact of mitral
regurgitation in patients with worsening heart failure: insights
from BIOSTAT-CHF. Eur J Heart Fail 23:1750-1758. https://
doi.org/10.1002/ejht.2276

Tromp J, Beusekamp JC, Ouwerkerk W et al (2022) Regional
differences in precipitating factors of hospitalization for acute
heart failure: insights from the REPORT-HF registry. Eur ] Heart
Fail 24:645-652. https://doi.org/10.1002/ejhf.2431

Kapelios CJ, Laroche C, Crespo-Leiro MG et al (2020) Associa-
tion between loop diuretic dose changes and outcomes in chronic
heart failure: observations from the ESC-EORP Heart Failure
Long-Term Registry. Eur J Heart Fail 22:1424-1437. https://doi.
org/10.1002/ejhf. 1796

Ouwerkerk W, Voors AA, Anker SD et al (2017) Determinants
and clinical outcome of uptitration of ACE-inhibitors and beta-
blockers in patients with heart failure: a prospective European
study. Eur Heart J 38:1883—-1890. https://doi.org/10.1093/eurhe
artj/ehx026


https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/j.cardfail.2023.07.006
https://doi.org/10.1016/j.cardfail.2023.07.006
https://doi.org/10.1002/ejhf.1858
https://doi.org/10.1016/S1388-9842(02)00034-X
https://doi.org/10.1016/S1388-9842(02)00034-X
https://doi.org/10.1016/j.repc.2017.11.010
https://doi.org/10.1016/j.repc.2017.11.010
https://doi.org/10.1016/j.repc.2023.10.004
https://doi.org/10.1016/j.repc.2023.10.004
https://doi.org/10.1016/j.repc.2019.09.006
https://doi.org/10.1002/ehf2.12399
https://doi.org/10.1007/s10741-021-10097-7
https://doi.org/10.1007/s10741-021-10097-7
https://doi.org/10.21037/cdt-20-291
https://doi.org/10.21037/cdt-20-291
https://doi.org/10.18553/jmcp.2022.28.2.157
https://doi.org/10.18553/jmcp.2022.28.2.157
https://doi.org/10.1161/CIRCULATIONAHA.120.050850
https://doi.org/10.1161/CIRCULATIONAHA.120.050850
https://doi.org/10.1007/s11886-021-01588-y
https://doi.org/10.1007/s11886-021-01588-y
https://doi.org/10.1371/journal.pone.0283146
https://doi.org/10.1002/ejhf.1996
https://doi.org/10.1002/ejhf.1996
https://doi.org/10.1002/ejhf.945
https://doi.org/10.1002/ejhf.945
https://doi.org/10.1002/ehf2.13921
https://doi.org/10.1016/j.jacc.2017.08.074
https://doi.org/10.1016/j.jacc.2017.08.074
https://doi.org/10.1016/j.jacasi.2022.11.013
https://doi.org/10.1016/j.jacasi.2022.11.013
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007132
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007132
https://doi.org/10.1038/nrcardio.2015.14
https://doi.org/10.1001/jama.2014.6643
https://doi.org/10.1001/jama.2014.6643
https://doi.org/10.1002/ejhf.2874
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1002/ehf2.14354
https://doi.org/10.1002/ehf2.14354
https://doi.org/10.1001/jamacardio.2017.5250
https://doi.org/10.1001/jamacardio.2017.5250
https://doi.org/10.1016/j.jacc.2022.11.023
https://doi.org/10.1016/j.jacc.2023.04.057
https://doi.org/10.1016/j.ejim.2019.10.017
https://doi.org/10.1002/ejhf.2276
https://doi.org/10.1002/ejhf.2276
https://doi.org/10.1002/ejhf.2431
https://doi.org/10.1002/ejhf.1796
https://doi.org/10.1002/ejhf.1796
https://doi.org/10.1093/eurheartj/ehx026
https://doi.org/10.1093/eurheartj/ehx026

Heart Failure Reviews (2025) 30:715-734

731

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Thorvaldsen T, Benson L, Stdhlberg M et al (2014) Triage of
patients with moderate to severe heart failure. J] Am Coll Car-
diol 63:661-671. https://doi.org/10.1016/j.jacc.2013.10.017
Skali H, Dwyer EM, Goldstein R et al (2014) Prognosis and
response to therapy of first inpatient and outpatient heart fail-
ure event in a heart failure clinical trial: MADIT-CRT. Eur J
Heart Fail 16:560-565. https://doi.org/10.1002/ejhf.71
Okumura N, Jhund PS, Gong J et al (2016) Importance of clini-
cal worsening of heart failure treated in the outpatient setting:
evidence from the prospective comparison of ARNI With ACEIL
to determine impact on global mortality and morbidity in heart
failure trial (PARADIGM-HF). Circulation 133:2254-2262.
https://doi.org/10.1161/CIRCULATIONAHA.115.020729
Ambrosy AP, Parikh RV, Sung SH et al (2022) Analysis of
worsening heart failure events in an integrated health care sys-
tem. J Am Coll Cardiol 80:111-122. https://doi.org/10.1016/j.
jacc.2022.04.045

Butt JH, Fosbgl EL, Gerds TA et al (2020) Readmission and
death in patients admitted with new-onset versus worsening of
chronic heart failure: insights from a nationwide cohort. Eur J
Heart Fail 22:1777-1785. https://doi.org/10.1002/ejhf.1800
Docherty KF, Jhund PS, Anand I et al (2020) Effect of dapa-
gliflozin on outpatient worsening of patients with heart failure
and reduced ejection fraction. Circulation 142:1623-1632.
https://doi.org/10.1161/CIRCULATIONAHA.120.047480
Greene SJ, Triana TS, Ionescu-Ittu R et al (2021) Patients hos-
pitalized for De Novo versus worsening chronic heart failure
in the United States. J] Am Coll Cardiol 77:1023—-1025. https://
doi.org/10.1016/j.jacc.2020.12.026

Okumura N, Jhund PS, Gong J et al (2016) Importance of clini-
cal worsening of heart failure treated in the outpatient setting.
Circulation 133:2254-2262. https://doi.org/10.1161/CIRCU
LATIONAHA.115.020729

Buckley LF, Carter DM, Matta L et al (2016) Intravenous diu-
retic therapy for the management of heart failure and volume
overload in a multidisciplinary outpatient unit. JACC Hear Fail
4:1-8. https://doi.org/10.1016/j.jchf.2015.06.017

Buckley LF, Stevenson LW, Cooper IM et al (2020) Ambu-
latory treatment of worsening heart failure with intravenous
loop diuretics: a four-year experience. J Card Fail 26:798-799.
https://doi.org/10.1016/j.cardfail.2019.10.015

Khan MS, Greene SJ, Hellkamp AS, et al (2021) Diuretic
changes, health care resource utilization, and clinical out-
comes for heart failure with reduced ejection fraction: from
the change the management of patients with heart failure reg-
istry. Circ Hear Fail 14. https://doi.org/10.1161/CIRCHEARTF
AILURE.121.008351

Madelaire C, Gustafsson F, Stevenson LW, et al (2020) One-year
mortality after intensification of outpatient diuretic therapy. J
Am Heart Assoc 9. https://doi.org/10.1161/JAHA.119.016010
Ferreira JP, Metra M, Mordi I et al (2019) Heart failure in the outpatient
versus inpatient setting: findings from the BIOSTAT-CHF study. Eur
J Heart Fail 21:112-120. https://doi.org/10.1002/ejhf.1323

Lam CSP, Giczewska A, Sliwa K et al (2021) Clinical outcomes and
response to vericiguat according to index heart failure event. JAMA
Cardiol 6:706. https://doi.org/10.1001/jamacardio.2020.6455
Vaduganathan M, Cunningham JW, Claggett BL et al (2021)
Worsening heart failure episodes outside a hospital setting in
heart failure with preserved ejection fraction. JACC Hear Fail
9:374-382. https://doi.org/10.1016/j.jchf.2021.01.014
McDonagh TA, Metra M, Adamo M et al (2022) 2021 ESC
Guidelines for the diagnosis and treatment of acute and chronic
heart failure. Eur J Heart Fail 24:4—131. https://doi.org/10.1002/
ejhf.2333

Tavazzi L, Senni M, Metra M et al (2013) Multicenter prospec-
tive observational study on acute and chronic heart failure. Circ

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Hear Fail 6:473-481. https://doi.org/10.1161/CIRCHEARTF
AILURE.112.000161

Inacio H, De Carvalho A, Gamelas De Carvalho J et al (2023)
Real-life data on readmissions of worsening heart failure outpa-
tients in a heart failure clinic. Cureus. https://doi.org/10.7759/
cureus.35611

Greene SJ, Hernandez AF, Dunning A et al (2017) Hospitaliza-
tion for recently diagnosed versus worsening chronic heart fail-
ure. J Am Coll Cardiol 69:3029-3039. https://doi.org/10.1016/j.
jacc.2017.04.043

Dunbar SB, Tan X, Lautsch D et al (2021) Patient-centered out-
comes in HFrEF following a worsening heart failure event: a sur-
vey analysis. J Card Fail 27:877-887. https://doi.org/10.1016/j.
cardfail.2021.05.017

Bozkurt B (2023) Differentiation between worsening heart failure
and decompensated heart failure. JACC Hear Fail 11:859-861.
https://doi.org/10.1016/j.jchf.2023.06.001

Girerd N, Mewton N, Tartiere J et al (2022) Practical outpatient
management of worsening chronic heart failure. Eur J Heart Fail
24:750-761. https://doi.org/10.1002/ejhf.2503

Van Aelst LNL, Arrigo M, Placido R et al (2018) Acutely decom-
pensated heart failure with preserved and reduced ejection frac-
tion present with comparable haemodynamic congestion. Eur J
Heart Fail 20:738-747. https://doi.org/10.1002/ejhf.1050

Zile MR, Bennett TD, St John Sutton M et al (2008) Transition
from chronic compensated to acute decompensated heart failure:
pathophysiological insights obtained from continuous monitoring
of intracardiac pressures. Circulation 118:1433—1441. https://doi.
org/10.1161/CIRCULATIONAHA.108.783910

Mentz RJ, O’Connor CM (2016) Pathophysiology and clinical
evaluation of acute heart failure. Nat Rev Cardiol 13:28-35.
https://doi.org/10.1038/nrcardio.2015.134

Tomasoni D, Lombardi CM, Sbolli M et al (2020) Acute heart
failure: More questions than answers. Prog Cardiovasc Dis
63:599-606. https://doi.org/10.1016/j.pcad.2020.04.007
Stevenson LW, Perloff JK (1989) The limited reliability of physi-
cal signs for estimating hemodynamics in chronic heart failure.
JAMA 261:884-888

Girerd N, Seronde M-F, Coiro S et al (2018) Integrative assess-
ment of congestion in heart failure throughout the patient jour-
ney. JACC Hear Fail 6:273-285. https://doi.org/10.1016/j.jchf.
2017.09.023

Del Buono MG, Arena R, Borlaug BA et al (2019) Exercise
intolerance in patients with heart failure. ] Am Coll Cardiol
73:2209-2225. https://doi.org/10.1016/j.jacc.2019.01.072
Savarese G, Lindenfeld J, Stolfo D et al (2023) Use of patient-
reported outcomes in heart failure: from clinical trials to routine
practice. Eur J Heart Fail 25:139-151. https://doi.org/10.1002/
¢jhf.2778

Butler J, Shahzeb Khan M, Lindenfeld J et al (2022) Minimally
clinically important difference in health status scores in patients
with HFrEF vs HFpEF. JACC Hear Fail 10:651-661. https://doi.
org/10.1016/j.jchf.2022.03.003

Humbert M, Kovacs G, Hoeper MM et al (2022) 2022 ESC/
ERS Guidelines for the diagnosis and treatment of pulmonary
hypertension. Eur Heart J 43:3618-3731. https://doi.org/10.1093/
eurheartj/ehac237

Meijers WC, Bayes-Genis A, Mebazaa A et al (2021) Circu-
lating heart failure biomarkers beyond natriuretic peptides:
review from the Biomarker Study Group of the Heart Failure
Association (HFA), European Society of Cardiology (ESC).
Eur J Heart Fail 23:1610-1632. https://doi.org/10.1002/ejhf.
2346

Mueller C, McDonald K, de Boer RA et al (2019) Heart Fail-
ure Association of the European Society of Cardiology practical

@ Springer


https://doi.org/10.1016/j.jacc.2013.10.017
https://doi.org/10.1002/ejhf.71
https://doi.org/10.1161/CIRCULATIONAHA.115.020729
https://doi.org/10.1016/j.jacc.2022.04.045
https://doi.org/10.1016/j.jacc.2022.04.045
https://doi.org/10.1002/ejhf.1800
https://doi.org/10.1161/CIRCULATIONAHA.120.047480
https://doi.org/10.1016/j.jacc.2020.12.026
https://doi.org/10.1016/j.jacc.2020.12.026
https://doi.org/10.1161/CIRCULATIONAHA.115.020729
https://doi.org/10.1161/CIRCULATIONAHA.115.020729
https://doi.org/10.1016/j.jchf.2015.06.017
https://doi.org/10.1016/j.cardfail.2019.10.015
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008351
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008351
https://doi.org/10.1161/JAHA.119.016010
https://doi.org/10.1002/ejhf.1323
https://doi.org/10.1001/jamacardio.2020.6455
https://doi.org/10.1016/j.jchf.2021.01.014
https://doi.org/10.1002/ejhf.2333
https://doi.org/10.1002/ejhf.2333
https://doi.org/10.1161/CIRCHEARTFAILURE.112.000161
https://doi.org/10.1161/CIRCHEARTFAILURE.112.000161
https://doi.org/10.7759/cureus.35611
https://doi.org/10.7759/cureus.35611
https://doi.org/10.1016/j.jacc.2017.04.043
https://doi.org/10.1016/j.jacc.2017.04.043
https://doi.org/10.1016/j.cardfail.2021.05.017
https://doi.org/10.1016/j.cardfail.2021.05.017
https://doi.org/10.1016/j.jchf.2023.06.001
https://doi.org/10.1002/ejhf.2503
https://doi.org/10.1002/ejhf.1050
https://doi.org/10.1161/CIRCULATIONAHA.108.783910
https://doi.org/10.1161/CIRCULATIONAHA.108.783910
https://doi.org/10.1038/nrcardio.2015.134
https://doi.org/10.1016/j.pcad.2020.04.007
https://doi.org/10.1016/j.jchf.2017.09.023
https://doi.org/10.1016/j.jchf.2017.09.023
https://doi.org/10.1016/j.jacc.2019.01.072
https://doi.org/10.1002/ejhf.2778
https://doi.org/10.1002/ejhf.2778
https://doi.org/10.1016/j.jchf.2022.03.003
https://doi.org/10.1016/j.jchf.2022.03.003
https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/10.1002/ejhf.2346
https://doi.org/10.1002/ejhf.2346

732

Heart Failure Reviews (2025) 30:715-734

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82

83.

84.

85.

guidance on the use of natriuretic peptide concentrations. Eur J
Heart Fail 21:715-731. https://doi.org/10.1002/ejhf.1494
Nuiiez J, de la Espriella R, Rossignol P et al (2022) Conges-
tion in heart failure: a circulating biomarker-based perspective.
A review from the biomarkers working group of the heart fail-
ure association, european society of cardiology. Eur J Heart Fail
24:1751-1766. https://doi.org/10.1002/ejhf.2664

Pocock SJ, Ferreira JP, Gregson J et al (2021) Novel biomarker-
driven prognostic models to predict morbidity and mortality in
chronic heart failure: the EMPEROR-Reduced trial. Eur Heart J
42:4455-4464. https://doi.org/10.1093/eurheartj/echab579
Greene SJ, Butler J, Fonarow GC et al (2018) Pre-discharge and
early post-discharge troponin elevation among patients hospi-
talized for heart failure with reduced ejection fraction: findings
from the ASTRONAUT trial. Eur J Heart Fail 20:281-291.
https://doi.org/10.1002/ejhf.1019

Karlstrom P, Johansson P, Dahlstrom U et al (2016) Can BNP-
guided therapy improve health-related quality of life, and do
responders to BNP-guided heart failure treatment have improved
health-related quality of life? Results from the UPSTEP study.
BMC Cardiovasc Disord 16:39. https://doi.org/10.1186/
s12872-016-0221-7

Alvarez-Garcia J, Ferrero-Gregori A, Puig T et al (2015) A sim-
ple validated method for predicting the risk of hospitalization
for worsening of heart failure in ambulatory patients: the Redin-
SCORE. Eur J Heart Fail 17:818-827. https://doi.org/10.1002/
ejhf.287

Codina P, Lupén J, Borrellas A et al (2021) Head-to-head com-
parison of contemporary heart failure risk scores. Eur J Heart
Fail 23:2035-2044. https://doi.org/10.1002/ejht.2352

Abraham WT, Stevenson LW, Bourge RC et al (2016) Sustained
efficacy of pulmonary artery pressure to guide adjustment of
chronic heart failure therapy: complete follow-up results from
the CHAMPION randomised trial. Lancet 387:453—461. https://
doi.org/10.1016/S0140-6736(15)00723-0

Abraham WT, Adamson PB, Bourge RC et al (2011) Wireless
pulmonary artery haemodynamic monitoring in chronic heart
failure: a randomised controlled trial. Lancet 377:658-666.
https://doi.org/10.1016/S0140-6736(11)60101-3

Curtain JP, Lee MMY, McMurray JJ et al (2023) Efficacy of
implantable haemodynamic monitoring in heart failure across
ranges of ejection fraction: a systematic review and meta-
analysis. Heart 109:823-831. https://doi.org/10.1136/heart
jnl-2022-321885

Scholte NTB, Giirgoze MT, Aydin D et al (2023) Telemonitor-
ing for heart failure: a meta-analysis. Eur Heart J 44:2911-2926.
https://doi.org/10.1093/eurheartj/ehad280

Nunes-Ferreira A, Agostinho JR, Rigueira J et al (2020) Non-
invasive telemonitoring improves outcomes in heart failure with
reduced ejection fraction: a study in high-risk patients. ESC Hear
Fail 7:3996-4004. https://doi.org/10.1002/ehf2.12999
Brahmbhatt DH, Cowie MR (2019) Remote management of heart
failure: an overview of telemonitoring technologies. Card Fail
Rev 5:86-92. https://doi.org/10.15420/cfr.2019.5.3

Brito D (2021) Remote monitoring of heart failure patients: a
complex proximity. Rev Port Cardiol (English Ed 40:353-356.
https://doi.org/10.1016/j.repce.2021.06.003

Zhu 'Y, Gu X, Xu C (2020) Effectiveness of telemedicine systems
for adults with heart failure: a meta-analysis of randomized con-
trolled trials. Heart Fail Rev 25:231-243. https://doi.org/10.1007/
s10741-019-09801-5

McDonagh TA, Metra M, Adamo M et al (2021) 2021 ESC
Guidelines for the diagnosis and treatment of acute and chronic
heart failure. Eur Heart J 42:3599-3726. https://doi.org/10.1093/
eurheartj/ehab368

@ Springer

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Dickinson MG, Allen LA, Albert NA et al (2018) remote moni-
toring of patients with heart failure: a white paper from the heart
failure society of America scientific statements committee. J Card
Fail 24:682-694. https://doi.org/10.1016/j.cardfail.2018.08.011
Agostinho JR, Gongalves I, Rigueira J et al (2019) Protocol-based
follow-up program for heart failure patients: Impact on prognosis
and quality of life. Rev Port Cardiol 38:755-764. https://doi.org/
10.1016/j.repc.2019.03.006

Rodrigues T, Agostinho JR, Santos R et al (2023) The value of
multiparametric prediction scores in heart failure varies with the
type of follow-up after discharge: a comparative analysis. ESC
Hear Fail 10:2550-2558. https://doi.org/10.1002/ehf2.13949
Pellicori P, Platz E, Dauw J et al (2021) Ultrasound imaging of
congestion in heart failure: examinations beyond the heart. Eur
J Heart Fail 23:703-712. https://doi.org/10.1002/ejhf.2032
Rola P, Miralles-Aguiar F, Argaiz E et al (2021) Clinical applica-
tions of the venous excess ultrasound (VExUS) score: conceptual
review and case series. Ultrasound J 13:32. https://doi.org/10.
1186/s13089-021-00232-8

Heidenreich PA, Bozkurt B, Aguilar D et al (2022) 2022 AHA/
ACC/HFSA guideline for the management of heart failure. J] Am
Coll Cardiol 79:e263—e421. https://doi.org/10.1016/j.jacc.2021.
12.012

Solomon SD, McMurray JJV, Vaduganathan M et al (2024)
Finerenone in heart failure with mildly reduced or preserved
ejection fraction. N Engl ] Med 391:1475-1485. https://doi.org/
10.1056/NEJMo0a2407107

Costanzo MR, Stevenson LW, Adamson PB et al (2016) Inter-
ventions linked to decreased heart failure hospitalizations during
ambulatory pulmonary artery pressure monitoring. JACC Hear
Fail 4:333-344. https://doi.org/10.1016/j.jchf.2015.11.011
Catanzariti D, Lunati M, Landolina M et al (2009) Monitoring
intrathoracic impedance with an implantable defibrillator reduces
hospitalizations in patients with heart failure. Pacing Clin Elec-
trophysiol 32:363-370. https://doi.org/10.1111/j.1540-8159.
2008.02245.x

Koehler J, Stengel A, Hofmann T et al (2021) Telemonitoring
in patients with chronic heart failure and moderate depressed
symptoms: results of the Telemedical Interventional Monitoring
in Heart Failure (TIM-HF) study. Eur J Heart Fail 23:186-194.
https://doi.org/10.1002/ejhf.2025

Galinier M, Roubille F, Berdague P et al (2020) Telemonitoring
versus standard care in heart failure: a randomised multicentre trial.
Eur J Heart Fail 22:985-994. https://doi.org/10.1002/ejht. 1906
Olson M, Thompson Z, Xie L, Nair A (2023) Broadening heart
failure care beyond cardiology: challenges and successes within
the landscape of multidisciplinary heart failure care. Curr Cardiol
Rep 25:851-861. https://doi.org/10.1007/s11886-023-01907-5
Greene SJ, Adusumalli S, Albert NM et al (2021) Building a
heart failure clinic: a practical guide from the heart failure soci-
ety of America. J Card Fail 27:2-19. https://doi.org/10.1016/j.
cardfail.2020.10.008

Sayer G, Bhat G (2014) The renin-angiotensin-aldosterone sys-
tem and heart failure. Cardiol Clin 32:21-32. https://doi.org/10.
1016/j.cc1.2013.09.002

Fonseca C, Brito D, Ferreira J et al (2019) Sacubitril/valsartan:
A practical guide. Rev Port Cardiol 38:309-313. https://doi.org/
10.1016/j.repc.2018.10.008

Antoine S, Vaidya G, Imam H, Villarreal D (2017) Pathophysi-
ologic mechanisms in heart failure: role of the sympathetic nerv-
ous system. Am J Med Sci 353:27-30. https://doi.org/10.1016/].
amjms.2016.06.016

D’Elia E, Iacovoni A, Vaduganathan M et al (2017) Neprilysin
inhibition in heart failure: mechanisms and substrates beyond
modulating natriuretic peptides. Eur J Heart Fail 19:710-717.
https://doi.org/10.1002/ejht.799


https://doi.org/10.1002/ejhf.1494
https://doi.org/10.1002/ejhf.2664
https://doi.org/10.1093/eurheartj/ehab579
https://doi.org/10.1002/ejhf.1019
https://doi.org/10.1186/s12872-016-0221-7
https://doi.org/10.1186/s12872-016-0221-7
https://doi.org/10.1002/ejhf.287
https://doi.org/10.1002/ejhf.287
https://doi.org/10.1002/ejhf.2352
https://doi.org/10.1016/S0140-6736(15)00723-0
https://doi.org/10.1016/S0140-6736(15)00723-0
https://doi.org/10.1016/S0140-6736(11)60101-3
https://doi.org/10.1136/heartjnl-2022-321885
https://doi.org/10.1136/heartjnl-2022-321885
https://doi.org/10.1093/eurheartj/ehad280
https://doi.org/10.1002/ehf2.12999
https://doi.org/10.15420/cfr.2019.5.3
https://doi.org/10.1016/j.repce.2021.06.003
https://doi.org/10.1007/s10741-019-09801-5
https://doi.org/10.1007/s10741-019-09801-5
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1016/j.cardfail.2018.08.011
https://doi.org/10.1016/j.repc.2019.03.006
https://doi.org/10.1016/j.repc.2019.03.006
https://doi.org/10.1002/ehf2.13949
https://doi.org/10.1002/ejhf.2032
https://doi.org/10.1186/s13089-021-00232-8
https://doi.org/10.1186/s13089-021-00232-8
https://doi.org/10.1016/j.jacc.2021.12.012
https://doi.org/10.1016/j.jacc.2021.12.012
https://doi.org/10.1056/NEJMoa2407107
https://doi.org/10.1056/NEJMoa2407107
https://doi.org/10.1016/j.jchf.2015.11.011
https://doi.org/10.1111/j.1540-8159.2008.02245.x
https://doi.org/10.1111/j.1540-8159.2008.02245.x
https://doi.org/10.1002/ejhf.2025
https://doi.org/10.1002/ejhf.1906
https://doi.org/10.1007/s11886-023-01907-5
https://doi.org/10.1016/j.cardfail.2020.10.008
https://doi.org/10.1016/j.cardfail.2020.10.008
https://doi.org/10.1016/j.ccl.2013.09.002
https://doi.org/10.1016/j.ccl.2013.09.002
https://doi.org/10.1016/j.repc.2018.10.008
https://doi.org/10.1016/j.repc.2018.10.008
https://doi.org/10.1016/j.amjms.2016.06.016
https://doi.org/10.1016/j.amjms.2016.06.016
https://doi.org/10.1002/ejhf.799

Heart Failure Reviews (2025) 30:715-734

733

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Prijic S, Buchhorn R (2014) Mechanisms of beta-blockers action
in patients with heart failure. Rev Recent Clin Trials 9:58-60.
https://doi.org/10.2174/1574887109666140908125402

Hubers SA, Brown NJ (2016) Combined angiotensin receptor
antagonism and neprilysin inhibition. Circulation 133:1115—
1124. https://doi.org/10.1161/CIRCULATIONAHA.115.018622
Nightingale B (2021) A Review of the Proposed Mechanistic
Actions of Sodium Glucose Cotransporter-2 Inhibitors in the
Treatment of Heart Failure. Cardiol Res 12:60—-66. https://doi.
org/10.14740/cr1221

McMurray JJV, Packer M (2021) How should we sequence the
treatments for heart failure and a reduced ejection fraction? Cir-
culation 143:875-877. https://doi.org/10.1161/CIRCULATIO
NAHA.120.052926

McMurray JJV, Packer M, Desai AS et al (2014) Angiotensin-
neprilysin inhibition versus enalapril in heart failure. N Engl J
Med 371:993-1004. https://doi.org/10.1056/NEJMoal409077
McMurray JJV, Solomon SD, Inzucchi SE et al (2019) Dapagli-
flozin in patients with heart failure and reduced ejection fraction.
N Engl J Med 381:1995-2008. https://doi.org/10.1056/NEJMo
al911303

Packer M, Anker SD, Butler J et al (2020) Cardiovascular and
renal outcomes with empagliflozin in heart failure. N Engl J
Med 383:1413-1424. https://doi.org/10.1056/NEJMo0a2022
190

Solomon SD, McMurray JJV, Anand IS et al (2019) Angioten-
sin-neprilysin inhibition in heart failure with preserved ejection
fraction. N Engl J Med 381:1609-1620. https://doi.org/10.1056/
NEJMo0al908655

Vaduganathan M, Mentz RJ, Claggett BL et al (2023) Sacubitril/
valsartan in heart failure with mildly reduced or preserved ejec-
tion fraction: a pre-specified participant-level pooled analysis of
PARAGLIDE-HF and PARAGON-HF. Eur Heart J. https://doi.
org/10.1093/eurheartj/ehad344

Mollace R, Scarano F, Bava I et al (2023) Modulation of the
nitric oxide/cGMP pathway in cardiac contraction and relaxa-
tion: Potential role in heart failure treatment. Pharmacol Res
196:106931. https://doi.org/10.1016/j.phrs.2023.106931
Emdin M, Aimo A, Castiglione V et al (2020) Targeting cyclic
guanosine monophosphate to treat heart failure. ] Am Coll Car-
diol 76:1795-1807. https://doi.org/10.1016/j.jacc.2020.08.031
Zuchi C, Tritto I, Carluccio E et al (2020) Role of endothelial
dysfunction in heart failure. Heart Fail Rev 25:21-30. https://
doi.org/10.1007/s10741-019-09881-3

Sandner P, Follmann M, Becker-Pelster E et al (2021) Soluble
GC stimulators and activators: past, present and future. Br J
Pharmacol. https://doi.org/10.1111/bph.15698

Sandner P, Zimmer DP, Milne GT, et al (2018) Soluble gua-
nylate cyclase stimulators and activators. pp 355-394. https://
doi.org/10.1007/164_2018_197

Gheorghiade M, Greene SJ, Butler J et al (2015) Effect of Veri-
ciguat, a soluble guanylate cyclase stimulator, on natriuretic
peptide levels in patients with worsening chronic heart failure
and reduced ejection fraction. JAMA 314:2251. https://doi.org/
10.1001/jama.2015.15734

Armstrong PW, Pieske B, Anstrom KIJ et al (2020) Vericiguat
in patients with heart failure and reduced ejection fraction. N
Engl J Med 382:1883-1893. https://doi.org/10.1056/NEJMo
21915928

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Tomasoni D, Adamo M, Bozkurt B et al (2022) Aiming at har-
mony. Comparing and contrasting International HFrEF Guide-
lines. Eur Hear J Suppl 24:L.20-L28. https://doi.org/10.1093/
eurheartjsupp/suac124

Rao VN, Diez J, Gustafsson F et al (2023) Practical patient
care considerations with use of vericiguat after worsening heart
failure events. J Card Fail 29:389-402. https://doi.org/10.1016/j.
cardfail.2022.10.431

Mebazaa A, Davison B, Chioncel O et al (2022) Safety, toler-
ability and efficacy of up-titration of guideline-directed medical
therapies for acute heart failure (STRONG-HF): a multinational,
open-label, randomised, trial. Lancet 400:1938-1952. https://
doi.org/10.1016/S0140-6736(22)02076-1

Bhatt DL, Szarek M, Steg PG et al (2021) Sotagliflozin in
patients with diabetes and recent worsening heart failure. N Engl
J Med 384:117-128. https://doi.org/10.1056/NEJM0a2030183
Psotka MA, Teerlink JR (2017) Direct myosin activation by
omecamtiv mecarbil for heart failure with reduced ejection frac-
tion. pp 465-490. https://doi.org/10.1007/164_2017_13
Teerlink JR, Diaz R, Felker GM et al (2021) Cardiac myosin acti-
vation with omecamtiv mecarbil in systolic heart failure. N Engl
J Med 384:105-116. https://doi.org/10.1056/NEIM0a2025797
Morrow DA, Velazquez EJ, DeVore AD et al (2019) Clinical
outcomes in patients with acute decompensated heart failure
randomly Assigned to Sacubitril/Valsartan or Enalapril in the
PIONEER-HF Trial. Circulation 139:2285-2288. https://doi.
org/10.1161/CIRCULATIONAHA.118.039331

Biegus J, Voors AA, Collins SP et al (2023) Impact of empagli-
flozin on decongestion in acute heart failure: the EMPULSE trial.
Eur Heart J 44:41-50. https://doi.org/10.1093/eurheartj/ehac530
Rosano GMC, Moura B, Metra M et al (2021) Patient profiling
in heart failure for tailoring medical therapy. A consensus docu-
ment of the Heart Failure Association of the European Society
of Cardiology. Eur J Heart Fail 23:872-881. https://doi.org/10.
1002/ejht.2206

Comin-Colet J, Manito N, Segovia-Cubero J et al (2018) Effi-
cacy and safety of intermittent intravenous outpatient adminis-
tration of levosimendan in patients with advanced heart failure:
the LION-HEART multicentre randomised trial. Eur J Heart Fail
20:1128-1136. https://doi.org/10.1002/ejhf.1145

Nieminen MS, Fonseca C, Brito D, Wikstrom G (2017) The
potential of the inodilator levosimendan in maintaining quality
of life in advanced heart failure. Eur Hear J Suppl 19:C15-C21.
https://doi.org/10.1093/eurheartj/sux003

Stone GW, Lindenfeld J, Abraham WT et al (2018) Transcath-
eter Mitral-Valve Repair in Patients with Heart Failure. N Engl J
Med 379:2307-2318. https://doi.org/10.1056/NEIMoal806640
Breitenstein A, Steffel J (2019) Devices in Heart Failure
Patients—Who Benefits From ICD and CRT? Front Cardiovasc
Med 6. https://doi.org/10.3389/fcvm.2019.00111

Atwater BD, Yousuf OK (2022) ICD Versus CRT-D Implanta-
tion. JACC Hear Fail 10:158-160. https://doi.org/10.1016/j.jchf.
2021.12.002

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.2174/1574887109666140908125402
https://doi.org/10.1161/CIRCULATIONAHA.115.018622
https://doi.org/10.14740/cr1221
https://doi.org/10.14740/cr1221
https://doi.org/10.1161/CIRCULATIONAHA.120.052926
https://doi.org/10.1161/CIRCULATIONAHA.120.052926
https://doi.org/10.1056/NEJMoa1409077
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1056/NEJMoa2022190
https://doi.org/10.1056/NEJMoa2022190
https://doi.org/10.1056/NEJMoa1908655
https://doi.org/10.1056/NEJMoa1908655
https://doi.org/10.1093/eurheartj/ehad344
https://doi.org/10.1093/eurheartj/ehad344
https://doi.org/10.1016/j.phrs.2023.106931
https://doi.org/10.1016/j.jacc.2020.08.031
https://doi.org/10.1007/s10741-019-09881-3
https://doi.org/10.1007/s10741-019-09881-3
https://doi.org/10.1111/bph.15698
https://doi.org/10.1007/164_2018_197
https://doi.org/10.1007/164_2018_197
https://doi.org/10.1001/jama.2015.15734
https://doi.org/10.1001/jama.2015.15734
https://doi.org/10.1056/NEJMoa1915928
https://doi.org/10.1056/NEJMoa1915928
https://doi.org/10.1093/eurheartjsupp/suac124
https://doi.org/10.1093/eurheartjsupp/suac124
https://doi.org/10.1016/j.cardfail.2022.10.431
https://doi.org/10.1016/j.cardfail.2022.10.431
https://doi.org/10.1016/S0140-6736(22)02076-1
https://doi.org/10.1016/S0140-6736(22)02076-1
https://doi.org/10.1056/NEJMoa2030183
https://doi.org/10.1007/164_2017_13
https://doi.org/10.1056/NEJMoa2025797
https://doi.org/10.1161/CIRCULATIONAHA.118.039331
https://doi.org/10.1161/CIRCULATIONAHA.118.039331
https://doi.org/10.1093/eurheartj/ehac530
https://doi.org/10.1002/ejhf.2206
https://doi.org/10.1002/ejhf.2206
https://doi.org/10.1002/ejhf.1145
https://doi.org/10.1093/eurheartj/sux003
https://doi.org/10.1056/NEJMoa1806640
https://doi.org/10.3389/fcvm.2019.00111
https://doi.org/10.1016/j.jchf.2021.12.002
https://doi.org/10.1016/j.jchf.2021.12.002

734

Heart Failure Reviews (2025) 30:715-734

Authors and Affiliations

Candida Fonseca'?3 - Rui Baptista*>®’ . Fatima Franco® - Brenda Moura®'° - Joana Pimenta
Pedro Moraes Sarmento''%'5. José Silva Cardoso'®'”'® . Dulce Brito

< Candida Fonseca

mcandidafonseca@gmail.com

Heart Failure Clinic, Hospital S. Francisco Xavier, Unidade
Local de Satde Lisboa Ocidental, Lisbon, Portugal

Internal Medicine Department, Hospital de S. Francisco
Xavier, Unidade Local de Saude Lisboa Ocidental, Estrada
Forte Do Alto Do Duque, 1449-005 Lisbon, Portugal

NOVA Medical School, Faculdade de Ciéncias Médicas,
Universidade Nova de Lisboa, Lisbon, Portugal

Cardiology Department, Unidade Local de Satide de Entre
Douro E Vouga, Santa Maria da Feira, Portugal

Faculty of Medicine of the University of Coimbra, Coimbra,
Portugal

Center for Innovative Biomedicine and Biotechnology
(CIBB), University of Coimbra, Coimbra, Portugal

Clinical Academic Center of Coimbra (CACC), Coimbra,
Portugal

Advanced Heart Failure Unit, Cardiology Department,
Unidade Local de Satide Coimbra, Coimbra, Portugal

Hospital das Forgas Armadas, Porto Campus, Porto, Portugal

Faculty of Medicine of the University of Porto, Porto,
Portugal

Internal Medicine Department, Hospital Eduardo
Santos Silva, Unidade Local de Saide Gaia e Espinho,
Vila Nova de Gaia, Portugal

@ Springer

20

21

1,12,
19,20,21

Cardiovascular R&D Centre — UnIC@RISE, Department
of Medicine, Faculty of Medicine of the University of Porto,
Porto, Portugal

Heart Failure Clinic, Hospital da Luz, Lisbon, Portugal

Centro de Investigacdo Clinica, Hospital da Luz Learning
Health, Lisbon, Portugal

Faculdade de Medicina, Cat6lica Medical School,
Universidade Catélica Portuguesa, Lisbon, Portugal

Department of Cardiology, Unidade Local de Satide Sdo
Joao, Porto, Portugal

Center for Health Technology and Services Research
(CINTESIS), Faculty of Medicine of the University of Porto,
Porto, Portugal

RISE-Health, Faculty of Medicine of the University of Porto,
Porto, Portugal

Department of Cardiology, Unidade Local de Satde Santa
Maria, Lisboa, Portugal

Lisbon Academic Medical Center (CAML), Lisbon, Portugal

Centro Cardiovascular da Universidade de Lisboa (CCUL@
RISE), Faculty of Medicine of the University of Lisbon,
Lisbon, Portugal



	Worsening heart failure: progress, pitfalls, and perspectives
	Abstract
	Introduction
	Worsening heart failure – a specific phase in the continuum of HF
	WHF and the setting of care

	How to prevent andor detect early
	How to treat early
	WHF treatment − from concept to clinical practice
	Data on WHF retrieved from chronic HF trials
	Data on WHF retrieved from dedicated WHF trials
	Vericiguat
	Sotagliflozin
	Omecamtiv mecarbil


	Conclusions
	Acknowledgements 
	References


