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CONTEMPORARY REVIEW

Acute Heart Failure Is a Malignant Process: 
But We Can Induce Remission
Gad Cotter , MD; Beth A. Davison, PhD; Carolyn S. P. Lam, MBBS, PhD; Marco Metra, MD;  
Piotr Ponikowski , MD, PhD; John R. Teerlink, MD; Alexandre Mebazaa , MD, PhD

ABSTRACT: Acute heart failure is a common and increasingly prevalent condition, affecting >10 million people annually. For 
those patients who survive to discharge, early readmissions and death rates are >30% everywhere on the planet, making it 
a malignant condition. Beyond these adverse outcomes, it represents one of the largest drivers of health care costs globally. 
Studies in the past 2 years have demonstrated that we can induce remissions in this malignant process if therapy is instituted 
rapidly, at the first acute heart failure episode, using full doses of all available effective medications. Multiple studies have dem-
onstrated that this goal can be achieved safely and effectively. Now the urgent call is for all stakeholders, patients, physicians, 
payers, politicians, and the public at large to come together to address the gaps in implementation and enable health care 
providers to induce durable remissions in patients with acute heart failure.

Key Words: acute heart failure ■ medications ■ remission induction

Malignant (definition from the Merriam-
Webster Dictionary): adjective; tending to 
produce death or deterioration

Acute heart failure (AHF) is a common condition.1–4 In 
the present article, we will first review the definition, ep-
idemiology, cause, and outcomes of AHF. We will show 
that AHF is a malignant condition associated with severe 
short-term and midterm adverse outcomes globally. We 
then examine the treatments available for AHF and their 
impact on these adverse outcomes. Finally, we propose 
a framework for the future approach to patients with AHF 
that may dramatically improve outcomes and possibly 
induce a remission in this malignant process.

DEFINITION
In part the lack of progress in AHF research over the 
past decades can be attributed to its subjective defi-
nition. Most authors5–7 define it as a sudden worsen-
ing of symptoms and signs of congestion associated 
with some cardiac abnormality requiring emergency 

treatment. Some add to the definition the need for ad-
mission, whereas others add requirements for intra-
venous therapy. However, compared with other acute 
cardiovascular conditions, such as myocardial infarc-
tion, aortic dissection, or pulmonary embolism, where 
electrocardiographic data, imaging data, and bio-
markers can confirm or refute the diagnosis with high 
certainty, no such imaging or blood test exists for the 
diagnosis of AHF. Although elevated natriuretic pep-
tides are important in diagnosing AHF and a lack of in-
crease in natriuretic peptides can rule out AHF with high 
certainty,8 increased natriuretic peptides can also be 
caused by other disease states, most notably chronic 
stable heart failure (HF). Hence, natriuretic peptides by 
themselves are not specific for AHF. Chest x-ray signs 
of congestion, on the other hand, are highly specific but 
lack sensitivity.9 Therefore, despite years of research, 
no single biomarker or imaging technique has been 
found to be both specific and sensitive to the diagno-
sis of AHF; and its diagnosis remains subjective and 
based mostly on symptoms, clinical assessments, and 
ruling out of other reasons for acute congestion, such 
an acute coronary syndrome, arrhythmia, or infection.
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EPIDEMIOLOGY AND CAUSE
It is estimated that >60 million people experience HF 
globally10; however, how many of them are admitted 
with AHF is not known, partially because of the lack of 
objective criteria for the diagnosis of AHF. In the United 
States, 4.5 to 4.9/1000 people are admitted for HF as 
a primary diagnosis every year,11 putting the number 
of AHF admissions in the United States at 1.5 million 
yearly, ≈25% of patients with HF. Applying the same ra-
tios globally, one would assume that AHF is the cause 
of at least 20 million hospital admission per year.

Several registries have outlined the possible causes 
for an AHF event.12–20 Acute coronary syndromes, 
valvular heart diseases, arrhythmias, especially atrial 
fibrillation, infections, uncontrolled hypertension, and 
nonadherence with medication prescriptions are the 
most commonly identified precipitants. However, in 
about half the patients, no causes were identified, 
whereas in up to a quarter, >1 cause was noted. The 
identification of potential causes for AHF is important 
for 2 reasons. First, it provides prognostic informa-
tion. For instance, AHF following an acute coronary 
syndrome or infection is associated with higher short-
term mortality than AHF associated with atrial fibrilla-
tion or uncontrolled hypertension.21,22 Second, some 
of these causes may have therapeutic implications, as 
described later. Valvular heart disease is frequently as-
sociated with AHF.23 AHF may result from either a new 
or a worsening acute valvular lesion, or it may be attrib-
utable to combined precipitants (such as an infection 
or arrhythmia) in a patient with significant valvular heart 
disease. The severity of the AHF event associated with 
valvular heart disease may vary from mild to frank car-
diogenic shock.

Given the prognostic and therapeutic importance of 
the different causes of AHF (detailed later), it is recom-
mended that some workup of patients with AHF should 
be undertaken after the initial stabilization to determine 
whether such precipitants have contributed to the AHF 
event.4 This should include at a minimum a full eval-
uation of blood hematology and chemistry, a chest 
x-ray, heart rhythm monitoring, and echocardiography. 
These may be followed by ischemia evaluation. With 
respect to valvular heart disease, the evaluation is es-
pecially difficult because of the rapid variation in load-
ing conditions and the presence of combined valvular 
lesions. Additional tests may be needed depending on 

the clinical presentation, such as exploring possible 
pulmonary embolism or various infections. The identi-
fication of precipitating factors may enable the delivery 
of specific treatments directed toward the underlying 
causes of AHF.

Prognosis and Outcomes
Across the globe in multiple real-life registries, AHF has 
been shown to be associated with significant short- 
and medium-term adverse outcomes.24 The longer-
term prognosis of patients with HF is similar to or worse 
than the most common cancers, with ≈50% mortality 
in 5 years,25 and the 6-month rate of readmission or 
death after an AHF admission is at least 30% (describe 
later), rivaling the short-term prognosis of most can-
cers. Recent analysis of the national readmission data-
base26 describes a 90-day readmission rate of >30%, 
with numbers only increasing in recent years (Table). 
In a community hospital-based registry, Philbin et al27 
found the mortality rate during 6 months of follow-up 
after an AHF admission to be 16%, and 43% of patients 
had at least 1 readmission. The median time to an event 
was 41 days from the discharge. Those numbers are 
consistent with registries from all over the world. In the 
EuroHeart Failure survey program,28 the mortality rate 
was 13.5% within 12 weeks, and the rate of readmis-
sion was 24%. In Italy, a nationwide survey on AHF in 
cardiology ward services29 found that within 6 months 
of an AHF admission, mortality was 12.8%, and the re-
admission rate was 38.1%. In a Swedish registry,30 the 
death rates for HF with preserved ejection fraction, HF 
with midrange ejection fraction, and HF with reduced 
ejection fraction 30 days after an AHF admission were 
2.9%, 2.1%, and 2.8%, respectively, and 1-year mortal-
ity rates were 17.4%, 14.2%, and 15.4%, respectively. 
In a Spanish registry31 during the 90-day postdis-
charge period, 11% of patients died and 32.2% were 
readmitted; the combined end point of readmission or 
death occurred in 37.4% of patients. Similar numbers 
have been reported across Asia. In the Korean AHF 
registry,32 the 6-month mortality rate for patients after 
an AHF admission was 12.4%, with a rate of HF read-
mission of 17.9% over the same period. In a Malaysian 
registry conducted in a single general hospital over 
1 year,33 the mortality rates for 30 and 90 days were 
13% and 17%, respectively, whereas the readmission 
rates for 30 to 90 days were 11% and 14%, respec-
tively. In an Indian national heart registry,34 the death 
rates at 90 days from an AHF admission were 14.2% 
(14.9% and 13.9% in women and men, respectively). 
The readmission rate during 90-day follow-up was 
8.4%. The Cardiology Society of India-Kerala Acute 
Heart Failure Registry35 mortality rates at 90 days after 
an AHF admission were 11.6%. In another India-based 
registry,36 the combined end point of rehospitalization 

Nonstandard Abbreviations and Acronyms

AHF acute heart failure
GDMT guideline-directed medical therapy
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or death was 39.5% within 6 months after discharge 
from an AHF admission. Mortality was 26.3% over 
the same period. Similar rates were also reported in 
the Kyoto AHF registry from Japan.37 Similar results 
were also reported in South America. An Argentinian 
national registry38 found that after an AHF event, re-
admissions occurred in 24.5%, and 12.8% of patients 
died within 90 days. Last, in the Sub-Saharan Africa 
Survey of Heart Failure,39 the rate of death or readmis-
sion at 60 days was 15.4%, whereas the 6-month mor-
tality rate was 17.8%. A recent review has suggested 
that 13.2% of patients with AHF are readmitted within 
30 days and 35.7% are readmitted within 1 year; 30-
day mortality is 7.6%, and 1-year mortality is 23.3%.40

The combined findings of these registries demon-
strate that, despite many differences in patients’ char-
acteristics, age, background disease, and treatment, 
morbidity and mortality rates after an AHF admission 
are high and are similar across the globe. Mortality 

within 90 days of an AHF event is consistently ≈10% 
to 15%, and readmission rates are 20% to 30% and 
higher, in the United States, in Europe, and across 
Asia, Africa, and South America. AHF is therefore a 
malignant disease affecting the whole planet. In places 
where registries and data are available longitudinally, it 
seems that these severe adverse outcomes have not 
decreased over the past decades, and may have even 
increased, especially in the United States.26

Treatment of AHF
Despite these staggering numbers and associated 
costs, until recently no therapies had been shown to 
improve these dire outcomes. Because of this lack of 
effective therapy, of the 90 pages of the 2022 Heart 
Failure Clinical Practice Guidelines, only 3 were dedi-
cated to AHF, despite the fact that most adverse out-
comes in patients with HF occur during or immediately 

Table. Mortality and Readmission Rates for AHF: A Global Perspective

Region Study, registry, survey, or database

Mortality Readmission

rate, % rate, %

United States National Readmission Database N/A 18.2 (30 d)

Khan et al (2021)26 31.2 (90 d)

United States Philbin et al (1999)27 16 (6 mo) 43 (6 mo)

Europe EuroHeart Failure survey 13.5 (12 wk) 24 (12 wk)

Cleland et al (2003)28

Italy Tavazzi et al (2006)29 12.8 (6 mo) 38.1 (6 mo)

Sweden SwedeHF Registry 14.2–17.4 (1 y) 2.1–2.9 (30 d)

Koh et al (2017)30

Spain EAHFE Registry 11.4 (90 d) 32.2 (90 d)

Miró et al (2019)31

South Korea KorAHF registry 3.3 (30 d) 7.0 (30 d)

Lee et al (2017)32 8.4 (90 d) 13.5 (90 d)

12.4 (180 d) 17.9 (180 d)

Malaysia Ling et al (2020)33 13.1 (30 d) 11.2 (30 d)

16.8 (90 d) 14 (90 d)

India NHFR 14.2 (90 d) 8.4 (90 d)

Harikrishnan et al (2022)34

India CSI-KHFR 11.6 (90 d) N/A

Joseph et al (2022)35

India AFAR study 26.3 (6 mo) 39.5% (6 mo for readmission 
or death)Seth et al (2015)

Japan Kyoto Congestive Heart Failure registry 4.1–9.6 (180 d) 2.8%–21.2% (180 d)

Shiba et al (2022)37

Argentina Argentine SAC Registry 12.8 (90 d) 24.5% (90 d)

Fairman et al (2009)38

Africa THESUS-HF 17.8 (6 mo) 15.4% (60 d for death or 
readmission)Damasceno et al (2012)39

AFAR indicates Acute Failure Registry; AHF, acute heart failure; CSI-KHFR, Cardiology Society of India-Kerala Acute Heart Failure Registry; EAHFE, 
Epidemiology of Acute Heart Failure in Emergency Departments; KorAHF, Korean AHF; N/A, not applicable; NHFR, National Heart Failure Registry; SAC, 
Society of Cardiology; SwedeHF, Swedish Heart Failure; and THESUS-HF, Sub-Saharan Africa Survey of Heart Failure.



J Am Heart Assoc. 2023;12:e031745. DOI: 10.1161/JAHA.123.031745 4

Cotter et al Acute Heart Failure Is a Malignant Process

after an AHF event. These guidelines recommend 
that patients with AHF are diuresed with loop diuret-
ics intravenously and then orally with careful monitor-
ing of symptoms and signs of HF, fluid balance, and 
weight (level of evidence 1b). In those who are non-
responsive, an intensified diuretic regimen, including 
either more loop diuretics or a second-line diuretic, 
may be considered (level of evidence 2b). Intravenous 
vasodilators may be used to relieve congestion in se-
lected patients, especially those without hypotension 
(level of evidence 2b). Additional treatments may be 
considered in patients in shock or at risk of shock. 
Furthermore, it is recommended that guideline-di-
rected medical therapy (GDMT) should be contin-
ued or started in those with lower ejection fraction.4 
In addition, some workup to assess the presence of 
possible precipitating factors should be undertaken 
(previously described). When such workup identifies 
potential precipitants, those should be addressed as 
much as possible. In some cases, the therapeutic im-
plications are straightforward, such as is the case of 
an acute myocardial infraction, infections, such as a 
pneumonia, or pulmonary embolism. In other cases, 
evidence is lacking to help the physician decide on the 
best therapeutic approach, as is the case with some 
valvular lessions.

Treatment for Patients During the First Days of 
Admission for AHF Has Not Been Shown to 
Improve Outcomes

About 20 years ago, it was suggested that the treat-
ment of AHF can be divided into 3 major stages1: first, 
the initial stabilization, then the first few days in the 
hospital, and finally before and after discharge.

The interventions administered to patients during 
the first hours of admission for AHF are based on lit-
tle evidence. The most common treatment adminis-
tered is intravenous furosemide or other types of loop 
diuretics. This practice is endorsed by all guidelines. 
For instance, the 2022 Heart Failure Clinical Practice 
Guidelines4 include a level 1 recommendation for di-
uretics in the initial treatment of AHF, but with level 
B-NR evidence (nonrandomized studies). Nonetheless, 
the use of intravenous loop diuretics to decrease con-
gestion in patients with AHF during the initial first few 
hours of admission is important for symptom relief. 
The effect of this therapy on short- and longer-term 
outcomes is, however, not known. Keeping loop di-
uretics as a background therapy, studies have been 
done throughout the years to assess the addition of 
other treatments early in the AHF admission. Two small 
studies41,42 suggested an early benefit of intravenous 
nitrates on oxygenation and need for mechanical ven-
tilation for early myocardial infarction in patients with 
pulmonary edema; however, a recent study has shown 

that those strategies do not improve short-term out-
comes.43 Noninvasive ventilation was also proposed 
as a way to improve both patients’ symptoms and 
outcomes in the immediate stabilization of AHF; how-
ever, a prospective study44 has shown that noninva-
sive ventilation improves patients’ dyspnea but has no 
effect on short-term outcomes. Therefore, as of now, 
guidelines recommend the use of diuretics as the first-
line treatment of patients with AHF. Other therapies, 
such as intravenous vasodilators and noninvasive ven-
tilation, can be considered for symptom improvement, 
but these interventions do not seem to improve short-
term outcomes.

After the initial stabilization, multiple treatments have 
been proposed to further improve patients’ symptoms 
beyond the first hours of admission. Although many 
of the interventions studied do show improvement in 
symptoms and signs, especially of congestion, none 
has been shown to improve patients’ outcomes. The 
focus of many of these studies was decongestion. In 
the diuretic strategies in patients with acute decom-
pensated heart failure (DOSE) trial assessing different 
diuretic strategies during an admission for AHF,45 the 
authors compared bolus with continuous infusion of 
loop diuretics and a high- versus low-dose loop diuretic 
strategy in a 2-by-2 factorial design. Comparing bolus 
versus continuous infusion, the study did not show any 
significant difference in patients’ global assessment of 
symptoms or in the mean change in creatinine level. 
For the second comparison of a high- versus a low-
dose strategy, there was a nonsignificant trend toward 
greater improvement in patients’ global assessment of 
symptoms in the high-dose group. However, with re-
spect to outcomes, death, rehospitalization, or emer-
gency department visit occurred in 42% of subjects 
within the 60-day follow-up period, with no significant 
difference between the groups, comparing continuous 
diuretics versus bolus (hazard ratio [HR], 1.15 [95% 
CI, 0.83–1.60]; P=0.41) or the high-dose loop diuret-
ics group and the low-dose group (HR, 0.83 [95% CI, 
0.60–1.16]; P=0.28). In the ADVOR (Acetazolamide in 
Decompensated Heart Failure With Volume Overload) 
study,46 successful decongestion occurred in 42.2% of 
patients in the acetazolamide group and in 30.5% in the 
placebo group. Acetazolamide treatment was associ-
ated with higher cumulative urine output and natriure-
sis, findings consistent with better diuretic efficiency. 
However, symptoms were not improved with respect 
to EuroQol 5-dimension visual analog scale at day 4, 
a prespecified secondary end point. In fact, EuroQol 
5-dimension visual analog scale improved numerically 
more in control, with mean changes of 10.3 versus 9.4 
points. Nor was there reduction in readmission; death 
from any cause or rehospitalization for HF occurred in 
29.7% of the patients in the acetazolamide group and 
in 27.8% of the patients in the placebo group through 3 
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months of follow-up (P=not significant). Similar results 
were seen study in the CLOROTIC (Combining Loop 
With Thiazide Diuretics for Decompensated Heart 
Failure) study,47 which randomized 230 patients with 
AHF and a history of dependence on furosemide, 80 
to 240 mg/d, for at least a month to hydrochlorothia-
zide or placebo. The study showed a significant 0.8-kg 
higher weight loss at 72 hours in the active group, but 
there were no improvements in patients’ dyspnea and 
there was an increase in renal impairment and hypoka-
lemia in the active group. The risk of HF readmissions 
(37.7% versus 34.5%) and death (20.2% versus 16.4%) 
at 90 days were numerically higher in the active group. 
In the EVEREST (Efficacy of Vasopressin Antagonism 
in Heart Failure Outcome Study With Tolvaptan),48 the 
aquaretic agent tolvaptan significantly improved sec-
ondary end points of day 1 patient-assessed dyspnea, 
day 1 body weight, and day 7 edema. As for the pri-
mary outcomes, within a median of 9.9 months, 25.9% 
in the tolvaptan group and 26.3% in the placebo group 
died, whereas the composite of cardiovascular death 
or hospitalization for HF occurred in 42% in the tol-
vaptan group and 40.2% in the placebo group. In the 
PROTECT (Placebo-Controlled Randomized Study 
of the Selective A1 Adenosine Receptor Antagonist 
Rolofylline for Patients Hospitalized With Acute Heart 
Failure and Volume Overload to Assess Treatment 
Effect on Congestion and Renal Function),49 rolofylline 
was not beneficial with respect to the primary suc-
cess/no change/failure end point compared with pla-
cebo. More patients in the rolofylline group than in the 
placebo group met the criteria for treatment success 
(40.6% versus 36.0%), but the proportion of treatment 
failures was also higher in the rolofylline group com-
pared with the placebo group (21.8% versus 19.8%). 
Within 60 days, 30.7% of the patients in the rolofylline 
group compared with 31.9% of the patients assigned 
to placebo died or were readmitted for cardiovascular 
or renal causes (P=not significant). Rates of death over 
a period of 180 days were similar: 17.9% in the rolofyl-
line group and 17.4% in the placebo group (P=not 
significant).

In the CARRESS-HF (Cardiorenal Rescue Study in 
Acute Decompensated Heart Failure),50 patients were 
randomly assigned to a strategy of stepped pharma-
cologic therapy or ultrafiltration. There was no signifi-
cant difference between pharmacologic therapy and 
ultrafiltration with respect to mean weight loss 96 hours 
after enrollment (P=0.58). Also, the rate of clinical de-
congestion at 96 hours was low but similar in the 2 
treatment groups (9% with pharmacologic therapy and 
10% with ultrafiltration). Mortality rates were 17% in the 
ultrafiltration group, compared with 13% in the phar-
macologic therapy group, whereas the composite rate 
of death or rehospitalization for HF was similar in both 
groups (38% and 35%, respectively).

Equally, vasodilators administered during the first 
few days after an AHF admission have not demon-
strated effects on outcomes. In the GALACTIC (Global 
Approach to Lowering Adverse Cardiac Outcomes 
Through Improving Contractility in Heart Failure) 
study,51 the improvement of dyspnea, as assessed at 
levels of 60° and 20° on day 2 and day 6, and reduc-
tion of NT-proBNP (N-terminal pro-B-type natriuretic 
peptide) concentration were not significantly different 
between groups. Similarly, all-cause mortality or ad-
judicated AHF rehospitalization through day 180 oc-
curred in 30.6% in the early intensive and sustained 
vasodilation group and 27.8% in the usual care group 
(adjusted HR, 1.07 [95% CI, 0.83–1.39]; P=0.59). Two 
large studies examined the effects of natriuretic peptide 
agonists in AHF. In the ASCEND-HF (Acute Study of 
Clinical Effectiveness of Nesiritide in Decompensated 
Heart Failure)52 examining the effects of nesiritide in 
AHF, there was a small increase in the number of pa-
tients reporting improvement in dyspnea at both the 6- 
and 24-hour time points; however, this finding did not 
meet the prespecified criteria for statistical significance. 
The rates of rehospitalization for HF or death from any 
cause at 30 days were 9.4% in the nesiritide group 
compared with 10.1% in the placebo group (P=0.31). In 
the TRUE-AHF (Trial to Evaluate the Efficacy and Safety 
of Ularitide [Urodilatin] Intravenous Infusion in Patients 
Suffering From Acute Decompensated Heart Failure),53 
patients with AHF were assigned to receive a contin-
uous intravenous infusion of either ularitide at a dose 
of 15 ng per kilogram of body weight per minute or 
matching placebo for 48 hours, in addition to accepted 
therapy. There were greater reductions of NT-proBNP 
in the ularitide than the placebo group. Death from 
cardiovascular causes occurred in 21.7% of patients in 
the ularitide group versus 21.0% in the placebo group 
(HR, 1.03 [95% CI, 0.85–1.25]; P=0.75). Other vasodila-
tors or agents with mainly vasodilating properties were 
studied. The VERITAS (Value of Endothelin Receptor 
Inhibition With Tezosentan in Acute Heart Failure 
Study)54 examined the effects of the endothelin antag-
onist tezosentan in AHF. In this study, tezosentan did 
not improve dyspnea more than placebo, and the mor-
tality rates or worsening HF at 7 days in the combined 
trials was 26% in both treatment groups. In the second 
RELAX-AHF-2 (Relaxin in Acute Heart Failure) trial,55 
there was no significant difference in the 5-day rate of 
worsening HF, which occurred in 6.9% of patients in 
the serelaxin group and in 7.7% of the placebo group. 
The death rate at 180 days was similar in the serelaxin 
group and the placebo group (11.2% and 11.9%, re-
spectively), as was the incidence of death from car-
diovascular causes or rehospitalization for HF or renal 
failure (24.3% and 24.9%, respectively).

Similar results have been seen with inotropic agents. 
In the OPTIME-CHF (Outcomes of a Prospective Trial 
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of Intravenous Milrinone for Exacerbation of Chronic 
Heart Failure),56 patients with an acute exacerbation 
of chronic HF were randomly assigned to receive 
a 48-hour infusion of either milrinone, 0.5 μg/kg per 
minute initially, or saline placebo. Both groups had 
the same reduction in HF scale score from baseline 
to day 3. The milrinone and placebo groups did not 
differ significantly for in-hospital mortality (3.8% versus 
2.3%; P = 0.19), 60-day mortality (10.3% versus 8.9%; 
P=0.41), or the composite incidence of death or read-
mission (35.0% versus 35.3%; P=0.92). The SURVIVE 
(Survival of Patients With Acute Heart Failure in Need 
of Intravenous Inotropic Support) study57 was a ran-
domized, double-blind trial comparing the efficacy and 
safety of intravenous levosimendan with dobutamine 
in patients hospitalized with acute decompensated 
HF. Although in the levosimendan group there was a 
greater decrease in B-type natriuretic peptide level at 
24 hours that persisted through 5 days compared with 
the dobutamine group, there was not any difference 
between the groups in the secondary end points: all-
cause mortality at 31 days, number of days alive and 
out of the hospital, patient global assessment, and 
patient assessment of dyspnea at 24 hours. All-cause 
mortality at 180 days occurred in 26% of patients in 
the levosimendan group and 28% of patients in the 
dobutamine group (P=0.40). In another phase 3 trial 
of levosimendan, the REVIVE (Randomized Multicenter 
Evaluation of Intravenous Levosimendan Efficacy) 
trial,58 the short-term effects of levosimendan were 
assessed. Patient dyspnea improvement was more 
pronounced in the levosimendan group at 6, 24, and 
48 hours and at 3 and 5 days, and the same improve-
ment was seen for the patient global assessment. 
However, levosimendan was associated with more fre-
quent hypotension and cardiac arrhythmias during the 
infusion period, and there was a numerically higher risk 
of early death across the 2 trials that persisted at day 
90 (49 of 350 on a regimen of levosimendan versus 
40 of 350 on a regimen of placebo). In the ATOMIC-
AHF (Acute Treatment With Omecamtiv Mecarbil to 
Increase Contractility in Acute Heart Failure) trial,59 
omecamtiv mecarbil did not improve dyspnea re-
lief compared with placebo or any of the secondary 
outcomes studied. All-cause rehospitalization within 
30 days occurred in 12.9% of the omecamtiv mecarbil–
treated patients and 15.5% in the placebo group, with 
no significant differences in rates of death (2.6% ver-
sus 3.3%, respectively). Finally, in a strategy study, the 
ESCAPE (Evaluation Study of Congestive Heart Failure 
and Pulmonary Artery Catheterization Effectiveness),60 
patients were assigned to receive therapy guided by 
clinical assessment and a pulmonary artery catheter 
or clinical assessment alone. Therapy in both groups 
led to substantial reduction in symptoms, jugular ve-
nous pressure, and edema. Use of the pulmonary 

artery catheter did not significantly affect the primary 
end point of days alive and out of the hospital during 
the first 6 months, mortality, or the number of days 
hospitalized.

The results of these studies have been disappoint-
ing to the HF research community and patients. They 
demonstrate that no intervention to date given during 
the first days of a hospital admission for AHF, not 
treatments to reduce congestion, nor vasodilators nor 
inotropes, nor strategies combining them, improves 
short- or medium-term outcomes of patients with AHF.

Rapid Introduction of GDMT After an AHF Event 
Improves Long-Term Outcomes

In recent years, a dramatic shift has occurred in 
our ability to improve the outcomes of patients after 
an AHF admission through early implementation of 
GDMT. First, several retrospective analyses have 
suggested that patients treated with higher doses of 
GDMT have better outcomes after AHF.61 Then, in the 
span of 2 years between November 2020 to November 
2022, 5 major studies were presented and published 
showing that interventions that reduce neurohormo-
nal adrenergic activation led to substantial improve-
ments in patient outcomes. Early implementation and 
up-titration to full recommended doses of 4 classes of 
medications, mineralocorticoid receptor antagonists, 
β-blockers, renin-angiotensin system inhibitors or an-
giotensin receptor/neprilysin inhibitors (ARNis), and 
sodium-glucose cotransporter-2 inhibitors, have been 
shown to dramatically reduce death and/or HF events 
during the first 60 to 180 days after an AHF event with 
striking HRs of 0.49 to 0.62.62–66 At the American 
Heart Association meeting in November 2020, 2 stud-
ies were presented and published simultaneously. In 
the first study, AFFIRM-AHF (A Randomized, Double-
Blind Placebo Controlled Trial Comparing the Effect of 
Intravenous Ferric Carboxymaltose on Hospitalizations 
and Mortality in Iron Deficient Patients Admitted for 
Acute Heart Failure),66 patients admitted for AHF with 
left ventricular ejection fraction <50%, high natriu-
retic peptides, and iron deficiency were randomized 
to receive intravenous ferric carboxymaltose or pla-
cebo. After 1 year, the primary end point of total hos-
pitalizations for HF and cardiovascular death showed 
borderline significance (rate ratio [RR], 0.79 [95% CI, 
0.62–1.01]; P=0.059). The effect was more significant 
for the end point of first HF hospitalization or cardiovas-
cular death (HR, 0.80 [95% CI, 0.66–0.98]; P=0.030). 
Furthermore, the effects were more pronounced in 
patients recruited before the COVID-19 epidemic. 
Patients with AHF with iron deficiency represent >70% 
of patients with AHF. Simultaneously, the SOLOIST-
WHF (Effect of Sotagliflozin on Cardiovascular Events 
in Patients With Type 2 Diabetes Post Worsening Heart 
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Failure) study was presented and published.62 In this 
study, patients with diabetes and a recent admission 
for AHF were randomized during the admission or 
within 72 hours of discharge to receive placebo or the 
sodium-glucose cotransporter-1 and sodium-glucose 
cotransporter-2 blocker sotagliflozin. Patients were en-
rolled without left ventricular ejection fraction limitation. 
The study was discontinued before its planned sample 
size was reached because of financial reasons after 
only 1222 of the planned 4000 patients were enrolled. 
Despite this substantially reduced sample size, the 
SOLOIST-WHF study met both its revised and origi-
nal end points. The rate of cardiovascular death, HF 
readmissions, or HF urgent visits (revised primary end 
point) was lower in the sotagliflozin group than in the 
placebo group (51.0 versus 76.3 events/100 patient-
years; RR, 0.67 [95% CI, 0.52–0.85]; P<0.001). In addi-
tion, the original primary end point of the trial (the first 
occurrence of either death from cardiovascular causes 
or hospitalization for HF) was also significantly af-
fected, with an HR of 0.71 (95% CI, 0.56–0.89), as was 
the effect on quality of life, as measured by the Kansas 
City Cardiomyopathy Questionnaire score, with a 4.1 
(95% CI, 1.3–7.0) point difference. In the PIONEER-HF 
(Comparison of Sacubitril-Valsartan Versus Enalapril 
on Effect on NT-proBNP in Patients Stabilized From 
an Acute Heart Failure Episode) study,64 patients with 
HF with reduced ejection fraction who were hospital-
ized for AHF were randomly assigned to receive sacu-
bitril-valsartan or enalapril. The primary end point, the 
time-averaged reduction in the NT-proBNP concentra-
tion, was significantly greater in the sacubitril-valsartan 
group than in the enalapril group. Because the study 
was only powered to changes in NT-proBNP, only 881 
patients were enrolled and follow-up was limited to 
only 8 weeks. Despite the limited size and follow-up, 
the use of angiotensin receptor/neprilysin inhibitor was 
associated with a relative 39% reduction in 8-week risk 
of cardiovascular or HF readmission compared with 
enalapril (16.3% enalapril versus 9.8% sacubitril/valsar-
tan). In the EMPULSE (Empagliflozin 10 mg Compared 
to Placebo, Initiated in Patients Hospitalized for Acute 
Heart Failure [de Novo or Decompensated Chronic 
HF] Who Have Been Stabilized) study,63 the sodium-
glucose cotransporter 2 inhibitor empagliflozin was 
compared with placebo in patients at the end of an 
AHF admission. Again, the study was small: only 530 
patients with a diagnosis of AHF regardless of ejec-
tion fraction were enrolled and randomly assigned to 
receive empagliflozin, 10 mg, once daily or placebo. 
Treatment and follow-up were also limited to 90 days. 
To evaluate the range of clinical benefit, the investi-
gators chose a hierarchical composite of death from 
any cause, number of HF events, and time to first HF 
event, or a ≥5-point difference in change from base-
line in the Kansas City Cardiomyopathy Questionnaire 

total symptom score at 90 days, assessed using a 
win ratio. The study showed that patients treated 
with empagliflozin had signicant clinical benefit com-
pared with placebo (stratified win ratio, 1.36 [95% CI, 
1.09–1.68]; P=0.0054). In addition, there was a 35% 
reduction in 90-day cardiovascular death or HF event 
(HR, 0.65 [95% CI, 0.43–0.99]; P=0.04267). Finally, the 
STRONG-HF (Safety, Tolerability and Efficacy of Rapid 
Optimization, Helped by NT-proBNP Testing, of Heart 
Failure Therapies) trial65 was a randomized, prospec-
tive clinical trial designed to assess the safety and ef-
ficacy of a rapid up-titration of GDMT before and after 
discharge from an admission for AHF. Patients were 
randomly assigned (1:1) to either usual care (discharge 
and follow-up according to the local practice until day 
90 after randomization) or high-intensity care. In the 
high-intensity group, patients were administered 50% 
of maximally recommended doses of β-blocker, renin-
angiotensin system inhibitor, and mineralocorticoid re-
ceptor antagonist before discharge and full doses at 
2 weeks from discharge under strict safety follow-up 
that included 4 postdischarge visits within 6 weeks. 
The study enrolled 1078 patients of the planned 1800 
patients as it was stopped by the data safety and mon-
itoring committee because of a larger than expected 
difference in the primary end point (180-day HF hospi-
talization or death) between groups. At 180 days, risk 
of HF readmission or all-cause death was lower in the 
high-intensity care group compared with the usual care 
group (15.2% versus 23.3%, respectively; P=0.0021). 
The secondary end point of change from baseline to 
day 90 in EuroQol 5-dimension visual analog scale was 
markedly improved in the high-intensity care group 
(10.72 [0.88] versus 7.22 [0.90]; P<0.0001).

Treatment effects in these studies (Figure) are larger 
than those seen in chronic HF studies with the same 
medications, and therefore when combined with the 
high event rate after AHF, they are associated with a 
low number of patients needed to treat to prevent re-
hospitalization and prolong survival. In fact, we have 
recently calculated that the number needed to treat 
of some HF medications when administered for a few 
months after an AHF event was equal or lower to the 
number needed to treat in chronic HF studies over a 
few years of exposure.68 These improvements were 
for the most part also accompanied by significant im-
provements in short-term quality of life.

These substantial new discoveries have largely sur-
prised the scientific community and, apparently, in-
vestigators planning those studies. For instance, the 
sotagliflozin study62 met its initially prespecified primary 
end point despite being stopped early because of fi-
nancial reasons after only 1222 patients were enrolled 
(and its primary end point changed before the database 
lock because the investigators did not think the origi-
nally planned one could be met). Both the sacubitril/
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valsartan study and the empagliflozin study were pow-
ered to nonoutcome end points, probably because 
the investigators did not think the studies were large 
enough to show a benefit on hard outcomes, only to 
find they had sufficient power to find statistically sig-
nificant treatment effects on these outcomes in a post 
hoc analysis.63,64 The STRONG-HF study was stopped 
by the data safety and monitoring board after ≈1000 
patients were enrolled because of a larger-than-ex-
pected effect on death or HF readmission.65

Some have suggested that enhanced follow-up 
after discharge by itself would be important in prevent-
ing the severe adverse outcomes observed in patients 

after an AHF admission. However, well-powered large 
studies in which such enhanced follow-up was used 
but without structured GDMT up-titration did not result 
in better outcomes,69–72 suggesting that GDMT up-ti-
tration is a critical component in improving patients’ 
outcomes.

Although a new study combining these approaches 
(the main 4 pillars of HF therapy rapidly up-titrated in a 
specific HF follow program versus control) will probably 
never be conducted (because of ethical concerns of 
denying lifesaving therapies to patients with AHF), we 
can safely assume that an early up-titration of quadru-
ple therapy (angiotensin receptor/neprilysin inhibitors, 

Figure. Effects on outcomes in selected recent studies targeting patients after an acute heart failure (HF) episode.
A, SOLOIST-WHF (Effect of Sotagliflozin on Cardiovascular Events in Patients With Type 2 Diabetes Post Worsening Heart Failure) 
study: cardiovascular (CV) death and HF-related events over the first 90 days after discharge (Bertram Pitt, personal communication, 
presented at American Heart Association 2022). B, PIONEER-HF (Comparison of Sacubitril-Valsartan Versus Enalapril on Effect on 
NT-proBNP in Patients Stabilized From an Acute Heart Failure Episode) study: the composite of CV death or rehospitalization for HF 
(from the study by Morrow et al64). C, EMPULSE (Empagliflozin 10 mg Compared to Placebo, Initiated in Patients Hospitalized for Acute 
Heart Failure [de Novo or Decompensated Chronic HF] Who Have Been Stabilized) study: time to all-cause death or first HF event 
(from the study by Voors67). D, STRONG-HF (Safety, Tolerability and Efficacy of Rapid Optimization, Helped by NT-proBNP Testing, of 
Heart Failure Therapies) trial: CV death or HF readmission through 180 days after randomization (from the study by Mebazaa et al65). 
HR indicates hazard ratio.
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sodium-glucose cotransporter-2 inhibitors, β-blockers, 
and mineralocorticoid receptor antagonists) plus in-
travenous iron when indicated would reduce rates of 
death and HF readmission in the first months after an 
AHF event by at least 50%.

Additional Considerations During the 
Admission and Predischarge

In some cases, the treatment implications of precipi-
tating factors discovered during the AHF admission 
workup are less clear (eg, with valvular heart disease).23 
Because no prospective randomized studies have 
been conducted examining interventions in patients 
with AHF and valvular heart disease, and patients with 
severe valvular heart diseases are commonly excluded 
from AHF randomized trials, strong recommendations 
cannot be made, especially with respect to timing and 
type of procedures. However, because patients with 
AHF with valvular heart disease are sick with multiple 
comorbidities and end organ dysfunction, it is likely 
that percutaneous treatments will be preferred to sur-
gical interventions; some studies are being planned to 
address those even in patients with cardiogenic shock. 
Regardless, after being discharged from AHF admis-
sion, patients should be considered for a multidisci-
plinary management program, including cardiologists, 
a general practitioner, a nurse specialized in HF treat-
ment, plus other personnel.73,74 A network meta-analy-
sis has suggested that nurse home visits were effective 
in reducing all-cause mortality and all-cause readmis-
sion compared with usual care.75,76 A special emphasis 
should be given to the issue of adherence. As previ-
ously stated, nonadherence is one of the most quoted 
reasons for an AHF event, but the estimates of its oc-
currence vary widely, possibly because in most cases 
adherence is estimated by patients’ self-report and not 
by objective measures, such as medication blood lev-
els. A 2016 review in the Journal of the American Heart 
Association (JAHA) covering 57 studies has found that 
adherence interventions in patients with HF both re-
duced mortality and reduced readmissions (odds ratio, 
0.79 [95% CI, 0.71–0.89]), with low heterogeneity. This 
suggests that nonadherence is a driver of AHF events 
and that it can be modified by appropriate treatment.77 
A recent analysis that examined technological inter-
ventions to improve adherence showed only limited 
benefit,78 suggesting that a more complex intervention 
focusing on patients through specific HF clinics may 
be needed to improve adherence.

Does Preventing AHF Readmission 
Induce a Remission?
Patients who are admitted with AHF are at risk of re-
peated AHF admission and death in the 6 to 12 months 

following an admission.79–83 Most analyses have shown 
a dose-response association with the number of ad-
missions increasing the risk of mortality, and the risk of 
mortality being higher after each subsequent admis-
sion (ie, the risk of death after the fourth admission in a 
year is substantially higher than the risk of death after 
the first admission). Moreover, the risk of recurrent AHF 
or death increases as the time from the most recent 
admission is shorter (ie, patients who have not been 
admitted for a year have a lower risk of admission than 
those who had an AHF admission in the past 6 months, 
which, in turn, led to a lower risk for AHF readmission 
or death if the AHF admission happened in the past 
3 months).84 Hence, preventing an AHF admission may 
reduce the chance of another admission and dying. 
Therefore, it is possible that applying GDMT therapy 
early after an AHF admission and reducing the risk of 
readmissions early may prevent mortality beyond the 
immediate effect on mortality (albeit none of which was 
statistically significant) observed in the SOLOIST-WHF, 
EMPULSE, PIONEER-HF, and STRONG-HF stud-
ies.62–65 If prevention of one AHF event may prevent the 
next one and reduce mortality, then patients who have 
not had an AHF event for 6 months can be defined as 
HF in remission.

A Possible Road Map to the Future
The analogy to oncology is reflected in the terminology 
proposed in the universal definition of HF, describing 
the early stages of the HF patient journey as those at 
risk and with pre-HF analogous to precancerous con-
ditions.85 Once patients develop AHF, they have equal 
or more short-term adverse outcomes as the most 
common cancers; hence, the AHF admission can be 
termed a malignant condition. Recent evidence shows 
that these outcomes can be modified by GDMT, avail-
able in any country, many of which are generic and 
relatively inexpensive, with treatment effects that are 
at least comparable to most chemotherapy and with 
much milder adverse effects. Therefore, applying 
GDMT in AHF may induce a remission in the malig-
nant process (ie, patients remain alive and progres-
sion free [no repeated AHF admission] for at least 6 
months). As each AHF event is associated with more 
events and mortality, preventing initial events will likely 
also improve long-term survival. Hence, those who im-
prove on treatment can be thought of being in HF in 
remission.85

If AHF is a malignant condition and safe, effective 
treatment options exist to allow patients to enter du-
rable remissions, why is this not widely practiced? 
The lack of clinical implementation cannot be blamed 
on lack of clinical evidence or shortage of affordable 
treatment options. We propose that it is a lack of ded-
icated resources, infrastructure, and organization of 
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HF management that likely plays a key role. HF ther-
apy is organized around long-term periodic care (ie, 
seeing patients every few months). If we are to en-
able induction of remission in patients with HF who 
decompensate into malignant AHF, health care pro-
viders globally would need to adopt an oncological 
approach to care in patients before and after hospi-
talization for AHF. During an AHF event and the first 
weeks after it, the best medical therapy available 
should be quickly and safely up-titrated under strin-
gent frequent follow-up, with the same urgency as 
with a patient diagnosed with a lethal malignancy. For 
this goal, specific dedicated post-AHF clinics may be 
a possible way to advance such therapy. Such outpa-
tient oncological care centers are in existence in many 
health care systems globally and hence implementa-
tion of postdischarge AHF transitional care clinics, 
using the oncological service as a blueprint, should 
be feasible. Although studies examining such en-
hanced follow-up by themselves did not demonstrate 
significant benefits, it is highly likely that such post-
AHF care when combined with rapid GDMT up-titra-
tion would lead to improved patient outcomes. This 
concept will be tested in the ROBUST-HF (Registry 
of Best Up-Titration Strategies in Acute Heart Failure) 
initiative, in which sites globally will attempt to initi-
ate post-AHF clinics specifically targeting patients 
who are not optimally treated at discharge. Yet, in real 
life globally, including the United States and Europe, 
patients are seen several weeks to months after dis-
charge from AHF, as part of their long-term care, and 
are usually treated by few medications at subopti-
mal doses,86 despite important prior efforts, such as 
Organized Program to Initiate Lifesaving Treatment 
in Hospitalized Patients With Heart Failure87 and Get 
With The Guidelines–Heart Failure.88,89 One can only 
imagine the public outcry if a patient diagnosed with 
a malignant treatable cancer had his/her treatment 
delayed for weeks and months after diagnosis, only 
to be treated with half the proven chemotherapeutic 
regimen and even that in low doses.

In summary, AHF is a commonly occurring malig-
nant condition. Beyond the adverse outcomes, it rep-
resents one of the largest drivers of health care costs 
globally. Studies in the past 2 years have demon-
strated that we can induce remissions in this ma-
lignant process if full therapy is instituted rapidly, at 
the first AHF episode, using full doses of all available 
effective medications. We have shown that this goal 
can be achieved safely and effectively. Now the ur-
gent call is for all stakeholders (patients, physicians, 
payers, politicians, and the public at large) to come 
together to address the gaps in implementation and 
enable health care providers to induce durable re-
missions in patients with AHF, reducing its staggering 
economic and health cost.
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