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therapies, including neurohormonal antagonists and SGLT2 
inhibitors, should be initiated early to improve long-term 
outcomes.

Introduction

Acute heart failure (HF, or “worsening HF” in some con-
texts) is characterized by the rapid onset or worsening of 
HF symptoms such as shortness of breath or fluid retention, 
typically requiring urgent medical interventions. Sometimes 
it is triggered by an inciting event that can lead to the inabil-
ity of the heart to meet the body’s circulatory demands, such 
as myocardial infarction or arrhythmias [1, 2]. Acute HF can 
be life-threatening, with high rates of hospitalization and 
mortality, especially in patients who experience recurrent 
episodes [3]. Given the acute and severe nature of this con-
dition, prompt recognition and treatment are critical for sta-
bilizing the patient and preventing long-term complications.

In the setting of hospitalized patients with acute 
HF, the primary clinical challenge is not only acute 
stabilization and relief of congestion but also restor-
ing euvolemia to facilitate initiation or uptitration of 
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tion of urine sodium-guided decongestion with segmental 
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therapies. Urine sodium-guided decongestion allows for 
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more effective decongestant approach. Disease-modifying 
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long-term disease-modifying therapies. The rationale is 
clear – signs and symptoms of volume overload, such as 
dyspnea, fatigue, orthopnea, and edema, are the cardinal 
symptoms that prompt patients to seek hospital admis-
sions, and decongestion with diuretics is the primary 
treatment goal for acute symptom relief. While inpatient 
guideline-directed medical therapy (GDMT) initiation 
and uptitration has growing justification, persistent vol-
ume overload and inadequate decongestion can impede 
drug tolerance and potentiate adverse effects such as 
hypotension, kidney dysfunction, or other unwanted con-
sequences if patients are not adequately stabilized and 
decongested.

In this review, we critically review the growing body 
of evidence supporting evolving treatment paradigms in 
acute HF over the past decade and highlight the knowl-
edge gaps that may guide future investigations in three 
distinctive areas: (1) assessing congestion, kidney dys-
function, and adequacy of diuretic response; (2) ensuring 
effective decongestion with segmental nephron blockade; 
and (3) transitioning to GDMT with natriuretic peptide 
guidance. We also address the emerging importance of 
post-diuresis NT-proBNP assessment and referral for 
intensive follow-up care. These domains are integrated 
in an evidence-based management algorithm summarized 
in Fig. 1.

Assessing Congestion, Kidney Dysfunction, 
and Adequacy of Diuretic Response

The Problem with Residual Congestion

Adequate decongestion is the clear therapeutic target in hos-
pitalized patients with acute HF. Beyond symptom relief, 
euvolemia is the physiological foundation that enables every 
downstream therapy to be tolerated and effective. Neverthe-
less, defining and quantifying congestion has been chal-
lenging as it can manifest either intravascular congestion or 
tissue congestion or both, each requiring different diagnos-
tic and therapeutic approaches [4, 5]. In the STRONG-HF 
(Safety, Tolerability and Efficacy of Rapid Optimization, 
Helped by NT-proBNP Testing, of Heart Failure Therapies) 
study, successful decongestion was defined as an absence 
of peripheral edema, pulmonary rales, and jugular venous 
pressure < 6 cm that can be subjective and may vary among 
clinicians’ assessments [6]. 

Residual congestion is associated with a heightened 
risk of early rehospitalization and death, thereby under-
scoring the need for recognition and intervention [4, 7]. 
For instance, the efficacy of loop diuretic monotherapy 
was found to be successful in achieving decongestion in 
less than 20% of patients in the DOSE trial [8]. However, 
current methods to assess congestion, including physical 
examinations, biomarkers, and imaging techniques, are 

Fig. 1  Evidence-Based Approach to Acute Heart Failure Management 
Key: ADVOR – Acetazolamide in Decompensated Heart Failure with 
Volume Overload; AHF – Acute Heart Failure; ARNI – Angiotensin 
Receptor–Neprilysin Inhibitor; BB – Beta-blocker; CLOROTIC – 
Safety and Efficacy of the Combination of Loop with Thiazide-type 
Diuretics in Patients with Decompensated Heart Failure; DICTATE-
AHF – Efficacy and Safety of Dapagliflozin in Acute Heart Failure; 
ENACT-HF – Efficacy of a Standardized Diuretic Protocol in Acute 
Heart Failure; GDMT – Guideline-Directed Medical Therapy; HF – 
Heart Failure; MRA – Mineralocorticoid Receptor Antagonist; NT-

proBNP – Aminoterminal pro–B-type Natriuretic Peptide; PIONEER-
HF – Comparison of Sacubitril–Valsartan versus Enalapril on Effect on 
NT-proBNP in Patients Stabilized from an Acute Heart Failure Episode; 
PUSH-AHF – Pragmatic Urinary Sodium-based Treatment Algorithm 
in Acute Heart Failure; SGLT2i – Sodium–Glucose Cotransporter-2 
Inhibitor; STRONG-HF – Safety, Tolerability and Efficacy of Rapid 
Optimization, Helped by NT-proBNP testing, of Heart Failure Thera-
pies; TRANSFORM-HF – Torsemide Comparison with Furosemide 
for Management of Heart Failure; UNa – Urine Sodium Concentration
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subjective and often not systematically or consistently per-
formed, leading to inconsistent evaluations and variable 
responses [7]. 

Kidney Dysfunction in Acute Heart Failure

The reflexive use of loop diuretics, while effective in 
promptly reducing intravascular congestion, may not 
address tissue congestion or the underlying cause(s) of 
congestion and, in turn, promotes diuretic resistance and 
electrolyte imbalances [4]. [9]. Furthermore, loop diuret-
ics invariably drive up the kidneys’ intrinsic sodium avidity 
via neurohormonal activation, thereby stimulating sodium 
reabsorption and leading to further volume overload [10], 
suboptimal responses to loop diuretics, and incomplete 
decongestion at discharge [11]. 

Interpreting Changes in Serum Creatinine and 
Electrolyte Imbalances

An increase in serum creatinine (sCr, often known as 
“worsening kidney function”) is frequently observed during 
diuretic administration in acute HF and is associated with 
poorer long-term outcomes [12]. However, the interpreta-
tion of these changes must be contextualized within the 
clinical scenario to guide appropriate treatment strategies 
[12]. Meanwhile, patients with advanced HF often exhibit 
complex hemodynamic profiles that contribute to renal 
impairment beyond simple hypoperfusion, including central 
hemodynamic aberrations [13]. Rise in serum sCr during 
acute HF or decongestion is a common phenomenon that 
is often misinterpreted as worsening kidney function. This 
observed phenomenon can be explained by changes in intra-
glomerular hemodynamics and intravascular volume deple-
tion that are associated with effective decongestion rather 
than structural kidney damage or tubular injury [14–16]. 
Studies suggest that a rise in sCr of up to 0.5 mg/dL from 
baseline is generally acceptable and may even indicate a 
positive prognosis if accompanied by effective deconges-
tion (so-called “permissive hypercreatininemia”) [14]. 
Understanding the nuances of renal sodium management 
and the implications of (or limiting overreaction to) sCr 
changes is crucial to avoid residual congestion in patients 
with incomplete decongestion [17]. Furthermore, the role of 
electrolyte imbalances in HF progression was further eluci-
dated, with hypochloremia being independently associated 
with increased mortality risk, even after adjusting for serum 
sodium levels [18]. This finding underscores the complex 
interplay between electrolytes and neurohormonal activa-
tion in driving sodium avidity and congestion in patients 
with HF.

Inadequate Diuretic Dosing Versus True Diuretic 
Resistance

There is significant variability in diuretic responses among 
patients hospitalized with acute HF, which can lead to per-
sistent congestion and poor outcomes due to inadequate 
diuresis [19, 20]. Diuretic resistance often develops over 
time, thereby further complicating effective decongestion 
[21]. To improve decongestion outcomes, a defined goal 
with a consistent diuresis target, especially in the early 
treatment phase, is necessary. However, real-world diuretic 
practices often fall short due to delays in initiating and esca-
lating therapy, as well as suboptimal initial dosing strategies 
[22, 23]. A retrospective analysis of diuretic administration 
practices in acute HF found substantial delays in achieving 
maximum diuretic therapy, with a median time to maximum 
diuretic therapy of 1.8 days, and prolonged delays in diuretic 
intensification were associated with more extended hospital 
stays and increased use of adjunctive decongestive therapies 
[22]. Furthermore, only two-thirds of patients received opti-
mal initial intravenous diuretic therapy, defined as at least 
two times the home oral loop diuretic dose, especially in 
those with higher home oral loop diuretic doses [23]. Given 
these findings, clinicians must ensure that intravenous 
loop diuretic dosing is optimized at admission, particu-
larly in patients on chronic high-dose diuretics, to prevent 
early diuretic resistance and avoid unnecessary delays in 
decongestion.

Predicting Diuretic Resistance: the BAN-ADHF Score

To address this, one such bedside tool has been developed 
by compiling 12 readily available clinical variables at the 
time of hospital admission via a machine-learning algo-
rithm to calculate the risk of diuretic resistance [24]. High 
BAN-ADHF scores (> 12) were associated with a greater 
likelihood of inadequate decongestion (defined as urine out-
put < 3  L/day) with intravenous loop diuretics, inadequate 
dosing, and poorer outcomes [24, 25]. There is also promis-
ing pilot data indicating that patients with higher scores may 
benefit from more intensive diuresis as part of the transition 
of care to ensure adequate decongestion [26]. 

The Promise of Natriuretic-Guided Diuresis

Natriuresis, the process of sodium excretion in the urine, 
offers a measurable and actionable marker for guiding ther-
apy. Specifically, urine sodium excretion has emerged as 
an objective and clinically relevant marker of response to 
decongestive therapies, offering prognostic value that sur-
passes traditional clinical assessments [27]. Patients unable 
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findings confirmed the threshold of UNa <50–70 mEq/L 
in identifying patients with acute HF with higher diuretic 
needs and poor outcomes.

Natriuresis-guided Diuretic Dosing and Escalation: 
ENACT-HF and PUSH-AHF

The ENACT-HF (Efficacy of a Standardized Diuretic Pro-
tocol in Acute Heart Failure) study reported significantly 
higher natriuresis after one day of treatment in the protocol 
arm compared to the standard care arm [33]. This improved 
natriuretic response persisted after two days, accompanied 
by significantly higher diuresis [33]. The study also found 
that patients in the protocol arm achieved more complete 
decongestion, highlighting the potential of UNa-guided 
therapy to enhance diuretic efficacy and improve clinical 
outcomes.

Building upon these findings, the PUSH-AHF (Prag-
matic Urinary Sodium-based Treatment Algorithm in 
Acute Heart Failure) trial further validated the concept 
of natriuresis-guided diuretic therapy in acute HF and 
demonstrated that natriuresis-guided therapy significantly 
improved natriuresis and diuresis up to 48  h without 
impacting all-cause mortality and/or HF hospitaliza-
tion at 180 days [34]. Importantly, the natriuresis-guided 
approach was safe and did not result in renal or electro-
lyte perturbations despite higher cumulative loop diuretic 
doses used [34]. 

Implementing Natriuresis-Guided Protocols

The PUSH-AHF trial also provided insights into the imple-
mentation of natriuresis-guided protocols in clinical prac-
tice. The study utilized a treatment algorithm that involved 
spot urinary sodium samples obtained at set time points. If 
urinary sodium values or diuresis were insufficient (< 70 
mmol/L or < 150 mL/h, respectively), decongestive therapy 
was adjusted based on a prespecified treatment algorithm 
[34]. This approach resulted in treatment intensification in 
85% of patients in the natriuresis-guided group, demon-
strating the potential for more aggressive and personalized 
decongestion strategies [34]. The key clinical studies sup-
porting natriuresis-guided decongestion, including investi-
gations of urine sodium as a prognostic tool and randomized 
trials such as PUSH-AHF and ENACT-HF, are summarized 
in Table 1.

Opportunities for Improvement and 
Implementation into Practice

Frequent reassessment of diuretic efficacy within 2–6  h 
of administration is essential for achieving optimal 

to achieve a negative sodium balance, even in the context of 
fluid loss, experienced significantly worse outcomes [20]. In 
addition, low urine sodium levels correlate with increased 
hospital admissions for acute HF [28]. By providing objec-
tive metrics for assessing diuretic response and congestion 
status, these approaches have the potential to overcome 
many of the limitations associated with current clinical 
practices, ultimately leading to improved patient outcomes 
and reduced rehospitalization rates.

Linking Natriuresis To Clinical Outcomes

The first piece of evidence came from a prospective study 
that interrogated the natriuretic responses to continuous 
intravenous furosemide infusion in patients with acute HF. 
By directly quantifying urinary excretion of sodium (UNa) 
per measured urine furosemide concentration that reflects 
the pharmacodynamics of steady-state furosemide admin-
istration, Singh et al. linked inadequate natriuresis with 
inadequate decongestion, worsening kidney function, and 
adverse long-term outcomes independent of estimated 
glomerular filtration rate [29]. Specifically, a UNa-to-urine 
furosemide ratio < 2 mmol/mg (corresponding to UNa <50 
mmol) had the lowest degree of weight loss and net fluid 
output over 24 h [29]. Building on these findings, research-
ers developed and validated an equation to predict net 
sodium output using a spot urine sample obtained 1–2  h 
after loop diuretic administration [30, 31]. In their prospec-
tive study of 50 patients with acute HF, they found that poor 
natriuretic response (defined as cumulative UNa output < 50 
mmol) could be accurately predicted using their sodium 
prediction Eq. [31] Confirmed by a recent validation study 
on oral diuretic dosing as well [32], this approach allows for 
rapid and highly accurate prediction of diuretic response, 
potentially enabling early intervention and personalized 
treatment strategies.

Identifying Intrinsic Renal Sodium Avidity

Further exploration of intrinsic renal sodium avidity in 
patients with acute HF was conducted through analysis of 
baseline data from the ROSE-AHF (Renal Optimization 
Strategies Evaluation in Acute Heart Failure) trial, in which 
random UNa spot samples were collected within 24  h of 
hospital admission, independent of diuretic administration. 
Those with high sodium avidity (low UNa) had less improve-
ment across multiple decongestive metrics, including weight 
loss, dyspnea relief, decrease in natriuretic peptide levels, 
and total natriuresis [11]. Patients with high sodium avid-
ity also exhibited more persistent edema and longer hospi-
tal stays, highlighting the clinical significance of sodium 
avidity in acute HF management [11]. Collectively, these 

1 3

   71   Page 4 of 18



Current Treatment Options in Cardiovascular Medicine           (2025) 27:71 

Study Name Study Design Intervention Primary 
Outcome

Key Findings Contribution to 
Evidence-Based Man-
agement of Acute HF

Insufficient Natriuretic 
Response to Continuous Intra-
venous Furosemide in Acute 
HF[29]

Single-center, 
prospective 
cohort study 
of 52 patients 
at Cleveland 
Clinic.

Continuous 
intravenous furo-
semide infusion 
with measure-
ment of urine 
sodium (UNa) and 
urine furosemide 
(UFurosemide).

Association 
of natriuretic 
response with 
worsen-
ing kidney 
function 
and adverse 
long-term 
outcomes.

Lower UNa: UFurosemide 
ratio correlated with higher 
likelihood of worsening kidney 
function and adverse clinical 
outcomes. Poor natriuretic 
response was linked to 
inadequate decongestion and 
increased long-term mortality, 
heart failure rehospitalization, 
and cardiac transplantation.

Highlights the impor-
tance of monitoring 
urine sodium excre-
tion as a predictor of 
diuretic response and 
long-term outcomes 
in acute HF. Suggests 
potential clinical util-
ity for urine sodium 
profiling to guide 
loop diuretic therapy.

Natriuretic Response Is Highly 
Variable and Associated With 
6-Month Survival: Insights 
From the ROSE-AHF Trial[20]

Post-hoc 
analysis of the 
ROSE-AHF 
trial (n = 316) 
focusing on 
urinary sodium 
excretion and 
its prognostic 
value in Acute 
HF patients 
receiving 
high-dose loop 
diuretics.

24-hour urine 
sodium excretion 
measurements 
during high-dose 
IV loop diuretic 
therapy; patients 
classified based 
on natriuretic 
response.

Association 
between uri-
nary sodium 
excretion 
and 6-month 
survival.

Urinary sodium excretion 
was highly variable and was 
not correlated with diuretic 
dose. Higher sodium excretion 
was associated with reduced 
6-month mortality, while 
traditional fluid-based metrics 
(urine output, net fluid balance, 
weight change) were not sig-
nificant predictors of survival. 
Patients with positive sodium 
balance (< 2 g excretion) had 
worse survival even if net fluid 
balance was negative.

Suggests that direct 
measurement of uri-
nary sodium may pro-
vide better prognostic 
and therapeutic value 
in acute HF than 
fluid-based metrics. 
Emphasizes the need 
for individualized 
sodium monitoring 
to optimize diuretic 
therapy and improve 
outcomes in acute HF 
patients.

Rapid and Highly Accurate Pre-
diction of Poor Loop Diuretic 
Natriuretic Response in Patients 
With Heart Failure[31]

Single-center, 
prospec-
tive cohort 
study of 50 
patients at Yale 
New Haven 
Hospital.

Spot urine sample 
collected 1–2 h 
after loop diuretic 
administration to 
predict natriuretic 
response.

Ability of 
the sodium 
prediction 
equation to 
accurately 
predict poor 
diuretic 
response 
(≤ 50 mmol 
sodium 
excretion in 
6 h).

The sodium prediction equa-
tion had excellent accuracy 
(AUC = 0.95) in predicting 
poor natriuretic response. It 
outperformed net fluid output 
and weight loss as measures of 
diuretic effectiveness.

Potential to improve 
diuretic monitoring 
and dosing decisions 
in acute decompen-
sated heart failure, 
reducing hospital 
length of stay and 
optimizing deconges-
tion strategies.

A Phenomapping Tool and 
Clinical Score to Identify Low 
Diuretic Efficiency in Acute 
Decompensated Heart Failure 
(BAN-ADHF)[24]

Pooled analysis 
of AHF trials 
(ROSE-AHF, 
CARRESS-HF, 
ATHENA-
HF) to derive 
(n = 794) and 
externally vali-
date (DOSE/
ESCAPE, 
n = 309) a risk 
score.

Development and 
validation of an 
integer-based risk 
score (BAN-
ADHF) using 
machine learning 
to predict diuretic 
efficiency based 
on baseline clini-
cal variables.

Association 
of the BAN-
ADHF score 
with diuretic 
efficiency, 
length of 
stay, and 
in-hospital 
mortality.

The BAN-ADHF score 
strongly predicted diuretic 
efficiency (C-index: 0.92 in 
validation cohort), outperform-
ing individual markers like cre-
atinine or NT-proBNP. Higher 
scores were associated with 
lower diuretic efficiency, longer 
hospital stays, and higher in-
hospital mortality.

Provides a validated, 
easy-to-use clini-
cal tool to identify 
patients with diuretic 
resistance at presenta-
tion, allowing for 
proactive, risk-strat-
ified decongestive 
strategies rather than 
a reactive, trial-and-
error approach.

Table 1  Evidence regarding natriuresis-guided decongestion
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Ensuring Effective Decongestion with 
Segmental Nephron Blockade

Rationale for Multi-Nephron Segment Diuretic 
Therapy

Current single-agent strategies fail to address the full com-
plexity of nephron segment reabsorption mechanisms, which 
are crucial for effective fluid management in patients with 
acute HF. The nephron’s multiple segments, each playing a 
unique role in sodium and water reabsorption, require a more 
comprehensive approach than traditional monotherapy can 
offer. Targeting multiple nephron segments simultaneously 
can overcome counter-regulatory mechanisms and improve 
decongestion. Multi-nephron segment diuretic therapy 
(MSDT), which combines different classes of diuretics, has 
shown promise in overcoming diuretic resistance. A study 
demonstrated that MSDT, which includes carbonic anhydrase 
inhibitors, loop diuretics, thiazides, and mineralocorticoid 
receptor antagonists, significantly increased urine output and 
weight loss in patients with severe diuretic resistance with-
out adversely affecting serum chemistries or kidney function 
[37]. Collectively, these clinical trials evaluating segmental 
nephron blockade strategies are summarized in Table 2.

decongestion [35]. This is particularly important given 
that intravenous loop diuretics like furosemide have a 
relatively short duration of action, typically 2–3 h, neces-
sitating timely dose adjustments to maintain therapeutic 
efficacy [36]. Establishing the goal of diuretic therapy in 
acute HF to achieve a net negative fluid balance of 3–5 L 
daily. Regular assessment of natriuretic response within 
each clinical shift is crucial, especially during the first 
24–48  h of admission, when urine output data is inade-
quately captured. This is because the short 2–3 h duration 
of action for loop diuretics requires timely interventions to 
maintain therapeutic efficacy [35, 36]. To accomplish this, 
monitoring spot UNa excretion > 50–70 mEq/L within the 
first 2  h (or even randomly) or a urine output > 100–150 
mL/hour within the first 6 h following intravenous diuretic 
administration, predicts an adequate diuretic response and 
can help guide dose escalation when necessary [1]. This 
approach helps prevent delays in treatment modification 
and ensures optimal decongestion outcomes. Ultimately, 
integrating strategies to mitigate delayed diuretic admin-
istration and improve dosing—particularly in patients 
on high-dose home diuretics—is likely to translate into 
improved decongestion, reduced length of stay, and better 
patient outcomes [22, 23]. 

Study Name Study Design Intervention Primary 
Outcome

Key Findings Contribution to 
Evidence-Based Man-
agement of Acute HF

Natriuresis-guided diuretic 
therapy in acute heart failure: 
a pragmatic randomized trial: 
PUSH-AHF[34]

Pragmatic, 
open-label, 
randomized 
controlled trial 
of 310 patients 
at University 
Medical Center 
Groningen, 
Netherlands.

Natriuresis-guided 
diuretic therapy 
with intensified 
diuretic treatment 
based on spot 
urinary sodium 
levels vs. standard 
of care.

24-hour uri-
nary sodium 
excretion 
and time to 
all-cause 
mortality or 
heart failure 
rehospitaliza-
tion at 180 
days.

Natriuresis-guided therapy 
improved 24-hour natriuresis 
(409 ± 178 mmol vs. 345 ± 202 
mmol in SOC, P = 0.0061), but 
did not significantly reduce 
mortality or rehospitalization.

Supports the use 
of natriuresis as a 
marker for optimiz-
ing diuretic therapy, 
potentially informing 
personalized treat-
ment strategies for 
acute HF patients.

Protocolized Natriuresis-
Guided Decongestion Improves 
Diuretic Response: The Multi-
center ENACT-HF Study[33]

Nonran-
domized, 
open-label, 
multicenter, 
pragmatic study 
conducted at 29 
centers in 18 
countries with 
401 patients.

Standardized 
natriuresis-guided 
diuretic protocol 
vs. standard of 
care.

Natriuresis 
after 1 day.

Natriuresis was significantly 
higher in the protocol arm (282 
vs. 174 mmol; P < 0.001), with 
higher diuresis and a shorter 
length of stay (5.8 vs. 7.0 days; 
P = 0.036). In-hospital mortality 
was similar in both arms.

Supports the use of 
urinary sodium to 
guide decongestion 
in acute HF, with a 
protocol that may be 
safely implemented 
across diverse 
healthcare settings 
to improve diuretic 
response.

Key: AHF Acute Heart Failure; AUC Area Under the Curve; BAN-ADHF Blood Urea Nitrogen, Creatinine, Natriuretic Peptide Levels, Atrial 
Fibrillation, Diastolic Blood Pressure, Hypertension. Home Diuretic use, and Heart Failure Hospitalization (risk score); CARRESS-HF Cardio-
renal Rescue Study in Acute Decompensated Heart Failure; ENACT-HF Efficacy of a Standardized Diuretic Protocol in Acute Heart Failure; 
ESCAPE Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness; HF Heart Failure; IV Intravenous; 
NT-proBNP aminoterminal pro–B-type Natriuretic Peptide; PUSH-AHF Pragmatic Urinary Sodium-based Treatment Algorithm in Acute 
Heart Failure; ROSE-AHF Renal Optimization Strategies Evaluation in Acute Heart Failure; SOC Standard of Care; UFurosemide Urine Furo-
semide Concentration; UNa Urine Sodium Concentration

Table 1  (continued) 
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Study Name Study Design Intervention Primary Outcome Key Findings Contribution to Evidence-
Based Management of Acute 
HF

Diuretic Strategies 
in Patients with 
Acute Decompen-
sated Heart Failure 
(DOSE-AHF) [38]

Prospective, 
double-blind, 
randomized 
trial of 308 
patients with 
acute decom-
pensated heart 
failure.

Patients received 
furosemide either 
via bolus every 
12 h or continuous 
infusion, and at 
either a low dose 
(oral equivalent) 
or a high dose (2.5 
times oral dose).

Patients’ global 
assessment of 
symptoms (AUC 
of visual-analog 
scale over 72 h) 
and change in 
serum creatinine 
from baseline to 
72 h.

No significant differences in 
symptoms or renal function 
between bolus vs. continu-
ous infusion or high-dose vs. 
low-dose strategies. High-
dose strategy led to greater 
diuresis but transient worsen-
ing of renal function.

Findings suggest that con-
tinuous infusion offers no 
clear benefit over bolus dos-
ing, and high-dose strategies 
may improve diuresis but 
require monitoring of renal 
function.

Combining Loop 
with Thiazide 
Diuretics for 
Decompensated 
Heart Failure: The 
CLOROTIC Trial 
[39]

Multicenter, 
prospective, 
randomized, 
double-blind, 
placebo-
controlled trial 
of 230 patients 
with acute heart 
failure.

Patients random-
ized to receive 
hydrochlorothiazide 
(HCTZ) or placebo 
in addition to an 
intravenous furose-
mide regimen for 
5 days.

Changes in 
body weight and 
patient-reported 
dyspnea 72 h after 
randomization.

HCTZ led to greater 
weight loss at 72 h (−2.3 
vs. −1.5 kg, P = 0.002) and 
increased diuresis but did 
not significantly improve 
dyspnea. More frequent renal 
impairment was observed in 
the HCTZ group (46.5% vs. 
17.2%, P < 0.001).

Supports the use of combina-
tion diuretic therapy for fluid 
overload but highlights the 
need for monitoring renal 
function due to potential 
worsening with HCTZ.

Acetazolamide in 
Acute Decompen-
sated Heart Failure 
with Volume Over-
load: The ADVOR 
Trial [40]

Multicenter, 
randomized, 
parallel-group, 
double-blind, 
placebo-
controlled trial 
of 519 patients 
at 27 sites in 
Belgium.

Intravenous acet-
azolamide (500 mg 
once daily) added 
to intravenous loop 
diuretics.

Successful decon-
gestion, defined 
as the absence of 
signs of volume 
overload within 3 
days after random-
ization without the 
need for escalation 
of decongestive 
therapy.

Acetazolamide led to a 
higher incidence of success-
ful decongestion (42.2% vs. 
30.5% in placebo, P < 0.001), 
with improved diuretic 
efficiency and no increase in 
adverse events.

Supports the use of acetazol-
amide to enhance diuretic 
efficiency in acute decom-
pensated heart failure with 
volume overload, potentially 
improving patient outcomes 
through more rapid and 
effective decongestion.

Efficacy and Safety 
of Dapagliflozin in 
Patients With Acute 
Heart Failure
(DICTATE-AHF) 
[41]

Multicenter, 
open-label, ran-
domized trial 
of 240 patients 
with hypervol-
emic AHF.

Dapagliflozin 
10 mg once daily 
vs. structured usual 
care with proto-
colized diuretic 
titration.

Diuretic efficiency, 
expressed as 
cumulative weight 
change per cumu-
lative loop diuretic 
dose at 5 days.

The primary outcome was 
not met (OR: 0.65; 95% 
CI: 0.41–1.02; P = 0.06). 
However, the dapagliflozin 
group required significantly 
lower loop diuretic doses to 
achieve similar weight loss 
(median 560 mg vs. 800 mg, 
P = 0.006) and had greater 
24-hour natriuresis and 
diuresis.

Demonstrates a diuretic-
sparing effect of dapa-
gliflozin, reframing SGLT2i 
initiation in AHF as both an 
acute decongestive strategy 
and initiation of long-term 
GDMT. Supports early initia-
tion for dual benefit.

Rationale and 
Design of the 
DECONGEST 
(Diuretic Treat-
ment in Acute 
Heart Failure With 
Volume Overload 
Guided by Serial 
Spot Urine Sodium 
Assessment) Study 
[42]

Pragmatic, 
2-center, ran-
domized, open-
label study 
aiming to enroll 
104 patients 
with AHF.

An intensive, 
bundled diuretic 
regimen (thrice-
daily IV boluses, 
early combination 
therapy) guided by 
serial spot urine 
sodium assessments 
vs. standard of care.

Hierarchical 
composite of 
30-day survival, 
days alive and out 
of hospital, and 
relative decrease 
in natriuretic 
peptides.

Trial is ongoing; results 
are not yet available. The 
study is designed to test if a 
highly structured, aggressive, 
natriuresis-guided protocol 
improves clinical outcomes.

Rationale and design pub-
lished. Aims to determine if 
linking natriuresis measure-
ment to a potent, non-discre-
tionary therapeutic algorithm 
can translate physiological 
improvements into better 
clinical outcomes, addressing 
a key gap from prior studies.

Table 2  Evidence regarding segmental nephron blockade and additional pharmacologic adjuncts
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potassium wasting, potentially reducing the need for potas-
sium supplementation [48]. 

Proximal Nephron Blockade: the ADVOR Trial

The ADVOR (Acetazolamide in Decompensated Heart 
Failure with Volume Overload) trial investigated acetazol-
amide, a carbonic anhydrase inhibitor, to inhibit sodium 
reabsorption in the proximal tubule. The study demon-
strated improved decongestion within three days and at dis-
charge for patients with elevated natriuretic peptides [40]. 
Acetazolamide use was associated with a shorter hospi-
tal stay and did not increase side effects except for higher 
90-day hypokalemia rates [40]. The incidence of adverse 
events, including hypokalemia, was similar between the 
two groups, indicating that acetazolamide did not signifi-
cantly increase side effects. These findings suggest that 
acetazolamide could serve as an effective adjunct therapy 
to intravenous loop diuretics, potentially mitigating neu-
rohormonal activation and enhancing overall deconges-
tion efficacy. The beneficial effects of acetazolamide were 
observed across the spectrum of left ventricular ejection 
fraction and baseline renal function. Further analysis of the 
ADVOR trial revealed that acetazolamide’s effectiveness 
was particularly pronounced in patients with elevated base-
line bicarbonate levels (≥ 27 mmol/L), indicating a state of 

Distal Nephron Blockade in Acute HF: the CLOROTIC 
and ATHENA-HF Trials

The CLOROTIC (Safety and Efficacy of the Combination of 
Loop with Thiazide-type Diuretics in Patients with Decom-
pensated Heart Failure) trial focused on the role of thiazide 
diuretics in blocking distal nephron sodium reabsorption. It 
demonstrated that adding hydrochlorothiazide (HCTZ) to 
intravenous furosemide improved diuretic response in acute 
HF patients. Those receiving HCTZ had greater weight loss 
at 72 h and increased 24-hour diuresis compared to placebo 
[39]. However, the trial noted more frequent impairment of 
renal function with HCTZ and electrolyte imbalance, high-
lighting the need for careful patient monitoring [39].

While low-dose mineralocorticoid receptor antagonist 
(MRA) therapy is well-established for chronic HF, the role 
of high-dose MRA therapy in acute HF remains uncertain. 
However, the ATHENA-HF (Aldosterone Targeted Neu-
rohormonal Combined with Natriuresis Therapy in Heart 
Failure) trial did not find a significant improvement in natri-
uretic peptide levels or clinical congestion with high-dose 
spironolactone in patients with acute HF already receiving 
intravenous loop diuretics, even in those at higher risk with 
kidney impairment [45, 46]. This may be in part due to the 
delayed actions as a result of conversion to active metabo-
lite, canrenone [47], but add-on spironolactone can limit 

Study Name Study Design Intervention Primary Outcome Key Findings Contribution to Evidence-
Based Management of Acute 
HF

Oral Sodium to 
Preserve Renal 
Efficiency in Acute 
Heart Failure: 
A Randomized, 
Placebo-Controlled, 
Double-Blind Study
(OSPREY-AHF) 
[43]

Single-center, 
randomized, 
double-blind, 
placebo-con-
trolled trial of 
70 patients with 
AHF.

Oral sodium chlo-
ride (2 g three times 
daily) vs. placebo, 
in addition to 
continuous IV furo-
semide infusion.

Bivariate endpoint 
of change in serum 
creatinine and 
change in weight 
at 96 h.

No significant difference 
between groups for the pri-
mary endpoint (P = 0.33). No 
differences in weight change, 
creatinine change, or other 
efficacy/safety endpoints 
were observed.

Provides evidence that a 
liberal oral sodium strategy 
does not improve diuretic 
efficiency or protect renal 
function during aggressive 
diuresis, challenging the 
sodium supplementation 
hypothesis and reinforcing 
focus on pharmacologic 
strategies.

Efficacy and safety 
of hypertonic saline 
therapy in ambula-
tory patients with 
heart failure: The 
SALT-HF trial [44]

Multicenter, 
double-blind, 
randomized 
trial of 167 
ambulatory 
patients with 
worsening HF.

Single 1-hour 
infusion of IV 
furosemide plus 
hypertonic saline 
solution (HSS) vs. 
IV furosemide plus 
placebo.

Volume of diuresis 
at 3 h.

No difference in the primary 
endpoint of 3-hour diuresis 
(1099 mL vs. 1103 mL, 
P = 0.963). No differences 
in 3-hour natriuresis, weight 
change, or 30-day clinical 
events.

Demonstrates that adding a 
single infusion of HSS to IV 
furosemide does not augment 
acute diuresis in ambulatory 
worsening HF, providing 
further evidence against the 
utility of sodium-loading 
strategies for decongestion.

Key: ADVOR Acetazolamide in Decompensated Heart Failure with Volume Overload; AHF Acute Heart Failure; AUC Area Under the Curve; 
CI Confidence Interval; CLOROTIC Safety and Efficacy of the Combination of Loop with Thiazide-type Diuretics in Patients with Decom-
pensated Heart Failure; DECONGEST Diuretic Treatment in Acute Heart Failure with Volume Overload Guided by Serial Spot Urine Sodium 
Assessment; DICTATE-AHF Efficacy and Safety of Dapagliflozin in Acute Heart Failure; DOSE-AHF Determining Optimal Dose and Duration 
of Diuretic Treatment in People with Acute Heart Failure; GDMT Guideline-Directed Medical Therapy; HCTZ Hydrochlorothiazide; HF Heart 
Failure; HSS Hypertonic Saline Solution; IV Intravenous; OR Odds Ratio; OSPREY-AHF Oral Sodium to Preserve Renal Efficiency in Acute 
Heart Failure; SALT-HF Efficacy and Safety of Hypertonic Saline Therapy in Ambulatory Patients with Heart Failure; SGLT2i Sodium–Glu-
cose Cotransporter-2 Inhibitor

Table 2  (continued) 
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sodium, potassium, and chloride, is essential to mitigate the 
risks of imbalances, particularly when using thiazides [8, 
37]. Regular assessment of renal function and urine output 
is crucial to dynamically tailor therapy and prevent potential 
complications such as acute renal failure [37, 52]. 

Transitioning To GDMT with Natriuretic 
Peptide Guidance

The Post-Stabilization Gap in GDMT Initiation

Patients hospitalized with acute HF are often discharged 
without the initiation of GDMT, missing a critical win-
dow following stabilization. The gap in care is evident 
as reflected through various studies, which highlight that 
a significant proportion of patients do not receive opti-
mal doses of GDMT at discharge. It is estimated that 
only a third of patients were on optimal doses of GDMT 
at discharge, with the majority not optimized, which is 
associated with high readmission rates [53]. In a study 
involving 3,164 hospitalized patients with acute HF, only 
17.1% received GDMT agents up-titrated to more than 
50% of the maximum titrated dose at discharge, despite 
75% being eligible for such therapy [54]. Studies have 
shown that initiating GDMT in the hospital setting is 
associated with better adherence and optimization post-
discharge [55]. However, variability in provider practices 
and the lack of standardized protocols contribute to the 
underutilization of GDMT [56]. Clinical dashboards and 
problem visualization tools can help identify patients who 
need GDMT optimization and secure buy-in from health-
care providers to implement changes [57]. Pharmacist-led 
medication titration has been shown to facilitate more 
rapid up-titration of GDMT, reducing hospital readmis-
sions [53]. 

In-Hospital ARNI Initiation: the PIONEER-HF Trial

The introduction of angiotensin receptor-neprilysin inhibi-
tors (ARNIs) has marked a significant advancement in HF 
treatment. In the PIONEER-HF (Comparison Of Sacubi-
tril/valsartan Versus Enalapril on Effect on NT-pro-BNP in 
Patients Stabilized From an Acute Heart Failure Episode) 
trial, patients with acute HF and elevated natriuretic pep-
tides (> 1,500 pg/mL) randomized to sacubitril/valsartan 
while still admitted to the hospital had a greater reduction in 
aminoterminal pro-B-type natriuretic peptide (NT-proBNP) 
levels from baseline to weeks 4 and 8 compared to those 
receiving enalapril, with trends towards improved clinical 
outcomes [58]. 

neurohormonal activation and increased proximal sodium 
reabsorption [49]. In these patients, acetazolamide signifi-
cantly improved decongestive response, diuretic efficiency, 
and reduced length of stay. The study also found that acet-
azolamide prevented the progressive increase in bicarbonate 
levels typically observed with loop diuretic monotherapy, 
suggesting its ability to counteract diuretic resistance [49]. 

Additionally, acetazolamide demonstrated a strong and 
independent effect on natriuresis, increasing urine sodium 
concentration by 19% and total natriuresis by 32%[50]. This 
enhanced natriuretic response was associated with faster 
and more complete relief of volume overload signs, trans-
lating into shorter hospital stays. Notably, every 10 mmol/L 
increase in urine sodium concentration was independently 
associated with a lower risk of all-cause death or HF read-
mission, highlighting the potential prognostic value of natri-
uresis in acute decompensated HF management [50]. 

Salt Supplementation

Adequate sodium delivery to the distal nephron is neces-
sary for loop diuretic effectiveness, effective natriuresis, and 
preventing counterproductive sodium avidity. The concept 
of salt supplementation in acute HF challenges traditional 
assumptions and is grounded in evolving insights into the 
pathophysiology of neurohormonal activation, diuretic 
resistance, and intravascular depletion. In two contem-
porary pilot studies with intravenous hypertonic saline as 
well as oral sodium chloride (~ 3–6 g/day) given to diuretic-
resistant patients with acute HF, targeted sodium repletion 
may optimize decongestion and improve renal safety [43, 
44]. Post-hoc analysis further imply that adding hypertonic 
saline to hypochloremic patients may improve short-term 
natriuretic response and outcomes, and warrants further 
investigation [51]. 

Opportunities for Improvement and 
Implementation into Practice

Based on the evidence from ADVOR and CLOROTIC 
trials, adopting a combined nephron-targeting approach, 
integrating acetazolamide or thiazides with loop diuretics, 
appears promising to enhance decongestion in patients with 
acute HF. This strategy has shown promise in overcoming 
diuretic resistance, as evidenced by increased urine output 
and weight loss without significant changes in serum chem-
istries or kidney function [8, 37]. Prioritizing the early use 
of adjunctive therapies, such as acetazolamide, during the 
critical first three days can further improve patient outcomes 
by ensuring more effective natriuresis and fluid removal 
[35]. Close monitoring of electrolyte levels, including 
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death or worsening HF (p = 0.012) and in all-cause mortality 
(p = 0.001), thereby resolving the statistical ambiguity of the 
single neutral trial and reinforcing a class effect for early 
initiation [61]. These pooled findings are consistent with the 
broader SGLT2 inhibitor evidence base and the vulnerable 
post-discharge risk window [63, 64], supporting the concept 
that starting therapy before discharge improves near-term 
outcomes. Operationally, SGLT2 inhibitors also integrate 
into decongestive care pathways. In a contemporary net-
work meta-analysis of add-on diuretic strategies in acute HF, 
SGLT2 inhibitors ranked highly for shorter hospital length of 
stay (second only to acetazolamide by SUCRA), consistent 
with improved diuretic efficiency with no signal of excess 
renal or electrolyte harm; however, these indirect compari-
sons should be interpreted cautiously [65]. Taken together, 
the totality of evidence supports the feasibility, safety, and 
likely mortality benefit of initiating SGLT2 inhibitors prior 
to discharge in stabilized acute HF patients—aligning with 
high-intensity, protocol-driven strategies that prioritize get-
ting foundational therapy on board before patients leave the 
hospital.

High-Intensity Care Strategy: the STRONG-HF Trial

The ultimate demonstration of the benefits of in-hospital 
GDMT initiation and uptitration came from the STRONG-
HF study, which demonstrated that a high-intensity care 
strategy involving rapid up-titration of GDMT was asso-
ciated with improved survival and reduced hospital read-
missions [66]. This protocol-driven study for those with 
persistently elevated NT-proBNP that emphasized initiation 
of all GDMT at the time of discharge with weekly follow-up 
with enhanced diuresis also demonstrated the safety of rapid 
uptitration of GDMT following stabilization and intensive 
weekly follow-up of patients hospitalized with acute HF [67, 
68]. Furthermore, persistent congestion following discharge 
was significantly reduced in the high-intensity care arm that 
was associated with a lower risk of 180-day HF readmission 
or all-cause death, underscoring the importance of early and 
sustained GDMT despite being on a lower mean daily dose 
of loop diuretics [6]. The GDMT intensity score at baseline 
was < 6 in 358 (33%) patients, 6 to 7 in 329 (31%) patients, 
and > 7 in 386 (36%) patients. At 90 days, 88.4% of patients 
in the high-intensity arm achieved a score > 7 versus 14.3% 
in the usual care arm (p < 0.0001)[69].

Key Lessons from the STRONG-HF Protocol

The STRONG-HF study highlights three key points in the 
management of decongestion in acute HF: (1) the introduc-
tion of GDMT, after initial management with intravenous 
diuretics, may already start in the emergency room with 

The Role of SGLT2 Inhibitors: the EMPULSE Trial

Meanwhile, the EMPULSE (Empagliflozin in Patients Hos-
pitalized With Acute Heart Failure Who Have Been Stabi-
lized) trial provided compelling evidence for the efficacy 
of SGLT2 inhibitors in improving clinical outcomes during 
hospitalization and beyond, and empagliflozin initiated dur-
ing the in-hospital phase led to significant clinical benefit 
[59]. The primary outcome, a clinical benefit score based on 
death, HF events, time to first HF event, and change in Kan-
sas City Cardiomyopathy Questionnaire Total Symptom 
Score at 90 days, was significantly in favor of empagliflozin 
[59]. Further analysis of the EMPULSE trial found that 
empagliflozin led to significantly greater reductions in all 
studied markers of decongestion [60]. Weight loss was sig-
nificantly greater in the empagliflozin group at days 15, 30, 
and 90. NT-proBNP levels and clinical congestion scores 
also showed greater reductions in the empagliflozin group 
[60]. Importantly, greater weight loss at day 15 was associ-
ated with a higher probability of clinical benefit at day 90, 
suggesting that early and effective decongestion may con-
tribute to improved outcomes in patients with acute HF.

In-Hospital SGLT2 Inhibitors: DAPA ACT HF–TIMI 68 
and Prespecified Meta-analysis

Beyond symptom and decongestion signals, larger outcome-
focused data further inform the class effect of early SGLT2 
inhibitor initiation. The Dapagliflozin Effect on Cardiovas-
cular Events in Acute Heart Failure (DAPA ACT HF–TIMI 
68) trial, the largest randomized study to date in this setting 
(n = 2,401), evaluated in-hospital initiation of dapagliflozin 
in stabilized patients with acute HF across the spectrum of 
ejection fraction [61, 62]. The primary efficacy endpoint, 
time to cardiovascular death or first worsening HF event 
through two months, was not met; over approximately 60 
days, dapagliflozin did not significantly reduce the compos-
ite versus placebo (p = 0.20)[61]. This neutral result must 
be interpreted in the context of the trial’s design, which 
included a short follow-up duration, a high proportion of de 
novo HF (~ 45%) who have a better short-term prognosis, 
and a lower-than-anticipated event rate, collectively limit-
ing statistical power [61, 62]. Importantly, dapagliflozin was 
associated with a clinically meaningful trend toward lower 
all-cause mortality (3.0% vs. 4.5% with a reassuring safety 
profile, including low rates of symptomatic hypotension 
(3.6% vs. 2.2%) and worsening kidney function (5.9% vs. 
4.7%)[61].

The trial’s prespecified meta-analysis pooled DAPA ACT 
HF–TIMI 68 with EMPULSE and the in-hospital cohort of 
SOLOIST-WHF (total n = 3,527) and demonstrated signifi-
cant early reductions in both the composite of cardiovascular 
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p < 0.0001), while those in the high-intensity care arm had a 
significantly better chance of sustaining decongestion at day 
90 [6]. Patients in the high-intensity care group with stable 
or increased NT-proBNP were older, with more severe acute 
HF and worse renal and liver function, and with poorer out-
comes and less likely to reach optimal GDMT doses com-
pared to those with NT-proBNP decrease [75]. 

Post-Discharge Monitoring: the GUIDE-IT Trial

Natriuretic peptide-guided management strategy extends to 
the post-discharge setting. In a comprehensive analysis of 
the GUIDE-IT (Guiding Evidence Based Therapy Using 
Biomarker Intensified Treatment in Heart Failure) trial that 
included 638 patients with HF with reduced ejection frac-
tion, patients achieving an NT-proBNP level ≤ 1,000 pg/mL 
by 90 days after randomization was associated with signifi-
cantly better clinical outcomes and better quality of life that 
those that did not [2]. Importantly, these improved outcomes 
were observed regardless of baseline NT-proBNP concentra-
tions, suggesting that the achievement of lower NT-proBNP 
levels during treatment is a crucial factor in prognosis [2]. 

Predicting Nonresponse with Biomarker 
Trajectories

At the other end of the spectrum are those with persistently 
elevated NT-proBNP levels. Post-hoc analysis of the PRO-
TECT study focusing on NT-proBNP “nonresponse” dur-
ing HF management (NT-proBNP > 1000 pg/mL) found 
that a decreasing NT-proBNP was associated with better 
clinical outcomes, while a rising NT-proBNP correlated 
with increased cardiovascular event rates [76]. The PRO-
TECT (Pro-B Type Natriuretic Peptide Outpatient Tailored 
Chronic Heart Failure Therapy) study also demonstrated 
that NT-proBNP-guided HF management was associated 
with greater improvements in echocardiographic param-
eters of cardiac structure and function compared to standard 
care [77]. The researchers developed and validated a risk 
model for predicting nonresponse [76], which has recently 
been externally validated in the GUIDE-IT trial [78]. 

Toward Multi-Marker Strategies

The question regarding whether multiple biomarkers beyond 
NT-proBNP can help guide post-discharge therapy better has 
been addressed by the TRIUMPH (Translational Initiative 
on Unique and Novel Strategies for Management of Patients 
With Heart Failure) study. The study found that the average 
estimated NT-proBNP level increased before the primary 
endpoint (all-cause mortality and HF rehospitalization) was 

the start of full dose of SGLT2 inhibitors and half dose of 
MRAs, if possible; (2) the combination of the four GDMT 
drugs should be initiated during the index hospital stay; and 
(3) all efforts should be made to achieve full doses of the 
four pillars of HF within 6 weeks [70]. Together, these find-
ings from pivotal randomized trials, including STRONG-
HF, EMPULSE, PIONEER-HF, and ATHENA-HF, provide 
the foundation for current recommendations on early ini-
tiation and maintenance of disease-modifying therapies in 
acute heart failure, with key details summarized in Table 3.

Natriuretic Peptide-Guided Transition of Care: 
STRONG-HF and GUIDE-IT Studies

Persistent congestion may also preclude GDMT initiation or 
uptitration due to concerns about renal impairment, hypo-
tension, and other comorbidities [72]. Traditional methods 
of assessing discharge readiness, such as changes in weight 
and physical examination, have proven insufficient, as 
evidenced by the persistently high rehospitalization rates 
within 30 days of discharge [73]. As persistent congestion 
is associated with poorer outcomes, patients who achieve a 
substantial decrease in NT-proBNP levels during in-hospital 
treatment (often > 30% from baseline) experienced better 
outcomes, suggesting that these biomarkers can be effec-
tive tools for guiding therapy [73]. Often overlooked is the 
2022 AHA/ACC/HFSA clinical guideline endorsement of 
assessing follow-up or pre-discharge NT-proBNP monitor-
ing [74]. Indeed, persistent elevation of NT-proBNP lev-
els > 1,500 pg/mL 48–72 h following stabilization with loop 
diuretics was a frequent threshold for recent clinical trials 
that support in-hospital GDMT titration.

Using NT-proBNP To Guide Diuresis and Titration

Regular monitoring of NT-proBNP levels facilitates tar-
geted therapy adjustments, potentially reducing the risk of 
rehospitalization. While the STRONG-HF often empha-
sized GDMT initiation and intensive uptitration, patients 
with increased NT-proBNP levels received more diuret-
ics and were up-titrated more slowly during the first 
weeks after discharge per protocol. A sub-analysis of the 
STRONG-HF study demonstrated that a > 10% decrease in 
NT-proBNP levels from admission to pre-discharge. The 
primary endpoint of 180-day all-cause death or HF read-
mission occurred in 15.2% of patients in the high-intensity 
care strategy compared to 23.3% in the usual care group 
[66]. Often overlooked in the STRONG-HF study is that the 
same proportion (almost half) of patients in both arms of the 
experienced successful decongestion at baseline/discharge 
that was associated with a lower risk of 180-day HF read-
mission or all-cause death (HR: 0.40; 95% CI: 0.27–0.59; 
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Table 3  Maintenance and early initiation of disease-modifying therapies
Study Name Study Design Intervention Primary 

Outcome
Key Findings Contribution to Evidence-Based 

Management of Acute HF
Safety, tolerability 
and efficacy of 
up-titration of 
guideline-directed 
medical therapies 
for acute heart 
failure (STRONG-
HF): a multina-
tional, open-label, 
randomized, trial 
[66]

Multinational, 
open-label, 
randomized, par-
allel-group trial 
conducted in 87 
hospitals across 
14 countries with 
1078 patients.

High-intensity 
care (rapid 
up-titration 
of guideline-
directed 
therapy within 
2 weeks + close 
follow-up) vs. 
usual care.

180-day 
all-cause 
death or 
heart failure 
readmission.

High-intensity care led to signifi-
cantly lower rates of heart failure 
readmission or all-cause death 
(15.2% vs. 23.3%, p = 0.0021) and 
greater reductions in NT-proBNP, 
NYHA class, and congestion 
markers, though with a higher rate 
of non-serious adverse events.

Supports the safety and efficacy 
of early, intensive up-titration of 
guideline-directed HF therapies 
post-hospitalization with fre-
quent monitoring to reduce heart 
failure readmissions and mortal-
ity. May potentially shape future 
HF management guidelines by 
emphasizing early intervention 
and structured follow-up.

The SGLT2 inhib-
itor empagliflozin 
in patients 
hospitalized for 
acute heart failure 
(EMPULSE) [59]

Multinational, 
double-blind, 
randomized 
controlled trial 
of 530 patients 
across 118 
centers in 15 
countries.

Empagliflozin 
10 mg once 
daily vs. 
placebo in hos-
pitalized acute 
heart failure 
patients.

Composite 
clinical ben-
efit at 90 days 
(all-cause 
death, heart 
failure events, 
and symptom 
improvement 
assessed via 
win ratio).

Empagliflozin resulted in a 
superior clinical benefit (win ratio: 
1.36; P = 0.0054). All-cause mor-
tality was lower (4.2% vs. 8.3%), 
and heart failure events occurred 
less frequently (10.6% vs. 14.7%) 
compared to placebo.

Supports initiation of empa-
gliflozin in hospitalized acute 
HF patients, reinforcing SGLT2 
inhibitors as an effective treat-
ment for both de novo and 
decompensated heart failure.

Angiotensin–
Neprilysin Inhibi-
tion in Acute 
Decompensated 
Heart Failure 
(PIONEER-HF) 
[71]

Multicenter, 
randomized, 
double-blind, 
active-controlled 
trial of 881 
patients at 129 
U.S. hospitals.

Sacubitril–
valsartan vs. 
Enalapril 
for patients 
hospitalized for 
acute decom-
pensated heart 
failure.

Time-
averaged 
proportional 
change in 
NT-proBNP 
concentration 
from baseline 
through 
weeks 4 and 
8.

Sacubitril–valsartan showed a 
greater reduction in NT-proBNP 
compared to enalapril (−46.7% vs. 
−25.3%, P < 0.001); no significant 
difference in safety outcomes 
(renal function, hyperkalemia, 
symptomatic hypotension, 
angioedema).

Demonstrates that initiation of 
sacubitril–valsartan in hospi-
talized acute decompensated 
heart failure patients is safe and 
results in a greater NT-proBNP 
reduction compared to enalapril. 
Supports the use of sacubitril–
valsartan early in treatment for 
improved outcomes.

Efficacy and 
Safety of Spirono-
lactone in Acute 
Heart Failure: 
The ATHENA-
HF Randomized 
Clinical Trial [45]

Double-blind, 
randomized, 
placebo/low-dose 
controlled trial of 
360 AHF patients 
at 22 U.S. 
hospitals.

High-dose 
spironolactone 
(100 mg daily) 
vs. usual care 
(placebo or 
25 mg spirono-
lactone) for 
96 h.

Proportional 
change in 
NT-proBNP 
from baseline 
to 96 h.

No significant difference in 
NT-proBNP reduction between 
groups (P = 0.57). No improve-
ment in secondary endpoints of 
congestion, urine output, or weight 
change. High-dose spironolactone 
was well-tolerated with no excess 
hyperkalemia or renal dysfunction.

Clarifies that high-dose spi-
ronolactone does not function 
as an effective acute diuretic in 
AHF. However, its demonstrated 
safety profile removes a key 
barrier to initiating or continuing 
guideline-recommended MRA 
therapy during hospitalization 
for its proven long-term benefits.

Dapagliflozin and 
Effect on Cardio-
vascular Events 
in Acute Heart 
Failure -Throm-
bolysis in Myo-
cardial Infarction 
68 (DAPA ACT 
HF-TIMI 68) [61]

Multinational, 
double-blind, 
randomized, 
placebo-con-
trolled trial at 210 
sites in 5 coun-
tries with 2,401 
hospitalized HF 
patients; random-
ized ≥ 24 h to ≤ 14 
d after admission 
once stabilized; 
60-day treatment 
and follow-up.

Dapagliflozin 
10 mg once 
daily initiated 
in-hospital 
vs. matching 
placebo.

Time to car-
diovascular 
death or first 
worsening 
HF event 
through 2 
months.

Primary endpoint neutral (10.9% 
vs. 12.7%; p = 0.20); all-cause 
death numerically lower (3.0% vs. 
4.5%); prespecified meta-analysis 
of in-hospital SGLT2 inhibitor 
trials (DAPA ACT HF–TIMI 68, 
EMPULSE, SOLOIST-WHF 
inpatient subgroup; n = 3,527) 
showed significant reductions in 
cardiovascular death or worsening 
HF (p = 0.012) and all-cause death 
(p = 0.001).

Largest inpatient SGLT2 
inhibitor RCT; despite a neutral 
primary result, pooled evidence 
supports initiating an SGLT2 
inhibitor during HF hospitaliza-
tion once hemodynamically 
stable to lower early post-
discharge events, with attention 
to symptomatic hypotension and 
kidney function monitoring.

Key: AHF Acute Heart Failure; ATHENA-HF Aldosterone Targeted Neurohormonal Combined with Natriuresis Therapy in Heart Failure; 
DAPA ACT HF–TIMI 68 Dapagliflozin and Effect on Cardiovascular Events in Acute Heart Failure–Thrombolysis In Myocardial Infarction 68; 
EMPULSE A Study to Test the Effect of Empagliflozin in Patients Who Are in Hospital for Acute Heart Failure; HF Heart Failure; MRA Miner-
alocorticoid Receptor Antagonist; NT-proBNP Aminoterminal pro–B-type Natriuretic Peptide; NYHA New York Heart Association (functional 
classification); PIONEER-HF Comparison of Sacubitril–Valsartan versus Enalapril on Effect on NT-proBNP in Patients Stabilized from an 
Acute Heart Failure Episode; SGLT2 Sodium–Glucose Cotransporter-2; SOLOIST-WHF Effect of Sotagliflozin on Cardiovascular Events in 
Participants With Type 2 Diabetes Post Worsening Heart Failure; STRONG-HF Safety, Tolerability and Efficacy of Rapid Optimization, Helped 
by NT-proBNP Testing, of Heart Failure Therapies
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of Heart Failure) trial, a landmark study in this area, sought 
to address the long-standing question of whether torsemide 
offers superior benefits compared to furosemide in HF 
maintenance therapy [88]. The trial found no significant dif-
ference in all-cause mortality between the two diuretics. A 
subsequent post-hoc analysis further reinforced these find-
ings, demonstrating that the comparative effectiveness of 
torsemide and furosemide was not influenced by baseline 
renal function, challenging the traditional preference for 
torsemide in patients with kidney dysfunction [89]. 

Mechanistic Insights from TRANSFORM-Mechanism

However, the trial highlighted important considerations 
regarding bioavailability and potency conversion. While the 
study protocol suggested a 1:2 to 1:4 conversion ratio (torse-
mide to furosemide), recent evidence indicates that the oral 
dose equivalent may be closer to 1:4 [90]. The TRANSFORM-
Mechanism trial revealed that torsemide did not demonstrate 
superior renal tubular delivery or duration of action com-
pared to furosemide, contrary to previous assumptions. The 
study found that a 4:1 dose equivalence ratio (furosemide to 
torsemide) produced similar natriuretic effects, aligning with 
the observations from the main trial. Notably, while higher 
torsemide doses led to greater natriuresis, they also resulted 
in increased neurohormonal activation and mild kidney dys-
function without significant improvements in plasma volume 
or body weight [90]. These mechanistic insights provide a 
physiological explanation for the lack of clinical superiority of 
torsemide observed in the TRANSFORM-HF trial, emphasiz-
ing the complex interplay between diuretic effects and com-
pensatory mechanisms in patients with HF. Collectively, the 
findings from GUIDE-IT, TRIUMPH, and TRANSFORM-
HF, along with supporting observational evidence, inform 
contemporary approaches to biomarker-guided care, individu-
alized maintenance diuretic selection, and optimal transition 
strategies in acute heart failure, as summarized in Table 4.

Opportunities for Improvement and 
Implementation into Practice

Integrating biomarkers and intensifying GDMT into dis-
charge planning for patients hospitalized with acute HF 
offers a more objective measure of readiness for outpatient 
transition, complementing traditional clinical assessments. 
This approach ensures adequate decongestion and initia-
tion of GDMT before discharge, potentially reducing early 
readmissions. Utilizing biomarker trends for post-discharge 
therapy adjustments allows for personalized management, 
enabling proactive interventions based on biomarker lev-
els even before clinical symptoms manifest. By combin-
ing biomarker-guided therapy with individualized diuretic 

reached, suggesting that regular monitoring could provide 
early warning signs of clinical deterioration [79]. While the 
TRIUMPH study also evaluated other biomarkers to inves-
tigate the potential of a multi-marker strategy that aligns 
with the complex pathophysiology of HF, whether this can 
better facilitate more personalized and precise therapeutic 
interventions remains to be determined [80]. 

Bioimpedance for Congestion Monitoring

Beyond serum and urine biomarkers, bioimpedance analy-
sis offers a noninvasive, quantitative method for evaluating 
fluid status. This technology measures the body’s resistance 
and reactance to a low-level electrical current, allowing for 
the estimation of total body water, including its distribution 
between intracellular and extracellular compartments [81]. 
In the inpatient setting, techniques such as bioimpedance 
vector analysis (BIVA) and bioimpedance spectroscopy 
(BIS) can be used serially to objectively track the response 
to diuretic therapy [82, 83]. This enables clinicians to guide 
decongestion toward a defined endpoint of euvolemia and 
identify patients with prognostically significant residual 
congestion prior to discharge, which is associated with a 
higher risk of readmission and mortality [84]. 

The application of bioimpedance extends to the vulnera-
ble post-discharge period, where emerging wearable sensor 
technologies offer the potential for remote daily monitor-
ing of thoracic or whole-body fluid status [85]. By detecting 
subclinical fluid accumulation, these systems can provide an 
early warning of impending decompensation. Preliminary 
data suggest that changes in transthoracic bioimpedance can 
predict the need for diuretic intensification or rehospitaliza-
tion up to a week in advance, creating a crucial window for 
preemptive intervention to avert clinical deterioration [86]. 
This technology holds promise for personalizing diuretic 
management, aiming to optimize fluid status during hospi-
talization and maintain it long-term to prevent readmissions.

Maintenance Diuretics: Torsemide Vs. Furosemide: 
TRANSFORM-HF Trial

The absence of a standardized approach to diuretic manage-
ment upon discharge can result in significant variability in 
patient outcomes. For instance, patients discharged from the 
emergency department or after a brief observation period 
often do not receive the same level of transitional care as 
those who are hospitalized, leading to higher rates of read-
mission and adverse events [87]. The appropriate choice 
of maintenance diuretics in HF management has been a 
topic of considerable interest, particularly the comparison 
between torsemide and furosemide. The TRANSFORM-HF 
(Torsemide Comparison With Furosemide for Management 
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signs, diuretic inertia, and system pressures to expedite dis-
charge. Despite a decade of efforts to refine decongestion strat-
egies beyond routine intravenous loop diuretics, we have yet 
to consistently translate these into improved clinical outcomes, 
even though successful decongestion is consistently associated 
with better prognosis. It is critical to recognize that deconges-
tion is not in competition with GDMT, and can improve with 
better assessments of congestion, kidney dysfunction, and 
adequacy of diuretic response. Effective decongestion with 
segmental nephron blockade and intentional GDMT initiation 
with natriuretic peptide guidance are key components and pre-
requisites that enable long-term clinical benefits.

management and comprehensive patient education, health-
care providers can significantly improve the transition of care 
for HF patients. This integrated approach has the potential to 
reduce readmission rates, enhance long-term outcomes, and 
ultimately improve the quality of life for patients with HF.

Conclusions and Future Outlook

Clinicians often underprioritize complete decongestion — not 
because it lacks importance, but due to avoidable barriers such 
as fear of worsening renal function, misinterpretation of clinical 

Table 4  Goal-oriented transition of care: biomarkers and maintenance diuretics
Study Name Study Design Intervention Primary 

Outcome
Key Findings Contribution to Evidence-

Based Management of Acute 
HF

Prognostic Role 
of Serum Chloride 
Levels in Acute 
Decompensated Heart 
Failure [18]

Retrospective 
cohort study of 
1,318 acute HF 
patients at Cleve-
land Clinic, vali-
dated in a separate 
876-patient cohort 
at University of 
Pennsylvania.

Assessment of 
admission serum 
chloride levels and 
their association with 
long-term mortality.

Association 
between 
admission 
serum chlo-
ride levels 
and all-cause 
mortality.

Lower admission serum 
chloride was independently 
associated with increased 
mortality risk. Prognostic 
value of serum sodium was 
diminished compared to 
chloride.

Highlights the prognostic 
significance of serum chlo-
ride levels in acute HF and 
suggests it may be a stronger 
predictor of mortality risk 
than serum sodium.

Effect of Torsemide 
vs. Furosemide After 
Discharge on All-
Cause Mortality in 
Patients Hospitalized 
With Heart Failure 
The TRANSFORM-
HF Randomized 
Clinical Trial [88]

Open-label, prag-
matic randomized 
controlled trial 
of 2859 patients 
across 60 hospitals 
in the United 
States.

Torsemide vs. 
furosemide for 
maintenance 
diuretic therapy 
post-hospitalization.

All-cause 
mortality 
over 12 
months.

No significant difference in 
mortality between torsemide 
(26.1%) and furosemide 
(26.2%). No significant dif-
ference in hospitalizations.

Challenges previous assump-
tions about torsemide’s 
superiority over furosemide 
for post-discharge diuretic 
therapy in heart failure 
patients. Highlights need 
for individualized diuretic 
therapy selection.

Mechanistic Differ-
ences between Torse-
mide and Furosemide 
(TRANSFORM-
Mechanism) [90]

Multicenter, 
prospective, 
observational 
mechanistic study 
of 88 patients 
randomized to 
oral furosemide or 
torsemide.

Patients received 
either furosemide 
or torsemide with 
pharmacokinetic and 
pharmacodynamic 
assessments at base-
line and 30 days.

Kidney bio-
availability, 
natriuresis, 
neurohor-
monal acti-
vation, and 
volume sta-
tus changes.

Furosemide had higher kid-
ney bioavailability (24.8% 
vs. 17.1%, P < 0.001) and 
longer duration of natriure-
sis. A 4:1 dose equivalence 
resulted in similar natriure-
sis. Higher torsemide doses 
led to neurohormonal activa-
tion and mild worsening 
of kidney function without 
improving volume status.

Refines understanding of 
loop diuretic pharmacody-
namics, suggesting no clini-
cal advantage for torsemide 
over furosemide when 
appropriately dosed.

Effect of Natriuretic 
Peptide–Guided 
Therapy on Hospital-
ization or Cardio-
vascular Mortality in 
High-Risk Patients 
With Heart Failure 
and Reduced Ejection 
Fraction
(GUIDE-IT) [91]

Multicenter, 
randomized, 
unblinded trial 
of 894 high-risk 
HFrEF patients 
at 45 sites in the 
United States and 
Canada.

Therapy titration 
guided by a target 
NT-proBNP level of 
< 1,000 pg/mL vs. 
usual care.

Composite of 
time-to-first 
HF hospi-
talization or 
cardiovascu-
lar mortality.

Trial stopped for futil-
ity. No difference in the 
primary outcome between 
groups (HR: 0.98; 95% CI: 
0.79–1.22; P = 0.88). No 
significant differences in 
medication doses, NT-
proBNP levels, or adverse 
events.

Provides evidence that a 
strategy of routine NT-
proBNP-guided therapy is 
not superior to high-quality 
usual care for titrating 
GDMT in high-risk HFrEF 
patients. Reinforces that 
clinical assessment and over-
coming practical barriers to 
titration are paramount.

Key: GDMT Guideline-Directed Medical Therapy; GUIDE-IT Guiding Evidence Based Therapy Using Biomarker Intensified Treatment in 
Heart Failure; HF Heart Failure; HFrEF Heart Failure with Reduced Ejection Fraction; HR Hazard Ratio; NT-proBNP Aminoterminal pro–
B-type Natriuretic Peptide; TRANSFORM-HF Torsemide Comparison with Furosemide for Management of Heart Failure; TRANSFORM-
Mechanism Torsemide Comparison with Furosemide for Management of Patients With Stable Heart Failure
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data supporting the findings of this study are available within the cited 
articles.

Declarations

Human and Animal Rights and Informed Consent  This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

Competing interests  Dr. Tang has served as consultant for Cardiol 
Therapeutics, Zehna Therapeutics, WhiteSwell, Boston Scientific, 
CardiaTec Biosciences, Bristol Myers Squibb, Alleviant Medical, 
Alexion Pharmaceuticals, Salubris Biotherapeutics, BioCardia, Tenax 
Therapeutics, and has received honorarium from Springer and Belvoir 
Media Group. Mr. George has no relationships to disclose.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction 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 changes 
were made. 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 ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach 
A, Bohm M, Burri H, Butler J, Celutkiene J, Chioncel O, et al. 
2021 ESC guidelines for the diagnosis and treatment of acute and 
chronic heart failure. Eur Heart J. 2021;42:3599–726. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​h​e​a​r​t​j​/​e​h​a​b​3​6​8.

2.	 Januzzi JL Jr., Ahmad T, Mulder H, Coles A, Anstrom KJ, Adams 
KF, et al. Natriuretic peptide response and outcomes in chronic 
heart failure with reduced ejection fraction. J Am Coll Cardiol. 
2019;74:1205–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​c​.​2​0​1​9​.​0​6​.​0​5​5.

3.	 Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, 
Coats AJS, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska 
EA, et al. 2016 ESC guidelines for the diagnosis and treatment of 
acute and chronic heart failure: the task force for the diagnosis 
and treatment of acute and chronic heart failure of the European 
society of cardiology (ESC)Developed with the special contribu-
tion of the heart failure association (HFA) of the ESC. Eur Heart 
J. 2016;37:2129–200. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​h​e​a​r​t​j​/​e​h​w​1​2​8.

4.	 Boorsma EM, Ter Maaten JM, Damman K, Dinh W, Gustafsson 
F, Goldsmith S, et al. Congestion in heart failure: a contemporary 
look at physiology, diagnosis and treatment. Nat Rev Cardiol. 
2020;17:641–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​6​9​-​0​2​0​-​0​3​7​9​-​7.

5.	 Nunez J, de la Espriella R, Rossignol P, Voors AA, Mullens W, 
Metra M, Chioncel O, Januzzi JL, Mueller C, Richards AM, et 
al. Congestion in heart failure: a Circulating biomarker-based 
perspective. A review from the biomarkers working group of the 
heart failure association, European society of cardiology. Eur J 
Heart Fail. 2022;24:1751–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​2​6​6​4.

6.	 Biegus J, Mebazaa A, Davison B, Cotter G, Edwards C, Celutkiene 
J, Chioncel O, Cohen-Solal A, Filippatos G, Novosadova M, et al. 
Effects of rapid Uptitration of neurohormonal Blockade on effective, 
sustainable decongestion and outcomes in STRONG-HF. J Am Coll 
Cardiol. 2024;84:323–36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​c​.​2​0​2​4​.​0​4​.​0​5​5.

Key References

Mebazaa A, Davison B, Chioncel O, Cohen-Solal A, 
Diaz R, Filippatos G, Metra M, Ponikowski P, Sliwa 
K, Voors AA, et al. Safety, tolerability and efficacy of 
up-titration of guideline-directed medical therapies for 
acute heart failure (STRONG-HF): a multinational, 
open-label, randomised, trial. Lancet. 2022;400:1938-
1952. doi: 10.1016/S0140-6736(22)02076-1

The STRONG-HF trial demonstrated that rapid, inten-
sive up-titration of guideline-directed medical therapy 
after acute heart failure hospitalization significantly 
improved survival and reduced readmissions, setting 
a new standard for early optimization of foundational 
therapies. These findings highlight the critical role of 
early, protocolized GDMT initiation and close follow-
up to overcome therapeutic inertia in high-risk patients.

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

The ADVOR trial showed that adding acetazolamide 
to intravenous loop diuretics, a segmental nephron 
blockade strategy, led to faster and more complete 
decongestion in acute heart failure without increased 
adverse effects. This evidence supports combining 
diuretics targeting different nephron segments to en-
hance decongestion and overcome diuretic resistance.

Ter Maaten JM, Beldhuis IE, van der Meer P, Krikken JA, 
Postmus D, Coster JE, Nieuwland W, van Veldhuisen DJ, 
Voors AA, Damman K. Natriuresis-guided diuretic therapy 
in acute heart failure: a pragmatic randomized trial. Nat Med. 
2023;29:2625-2632. doi: 10.1038/s41591-023-02532-z

PUSH-AHF provided the first randomized evidence 
that natriuresis-guided diuretic adjustment safely 
improves decongestion in acute heart failure, al-
though without impact on long-term mortality or 
rehospitalization. These results underscore the value 
of urine sodium monitoring as an objective tool for 
personalizing and optimizing diuretic therapy.

Author Contributions  J.G. wrote the main manuscript text and 
W.H.W.T reviewed and edited the manuscript.

Funding  None.

Data Availability  No new datasets were generated or analyzed. All 

1 3

Page 15 of 18     71 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1016/j.jacc.2019.06.055
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1038/s41569-020-0379-7
https://doi.org/10.1002/ejhf.2664
https://doi.org/10.1016/j.jacc.2024.04.055


Current Treatment Options in Cardiovascular Medicine           (2025) 27:71 

22.	 Bullock G, Jacobs JA, Carey JR, Pan IZ, Kinsey MS, Sideris K, 
Kapelios CJ, Stehlik J, Fang JC, Das S, et al. Patterns of diuretic 
Titration during inpatient management of acute decompensated 
heart failure. Am Heart J. 2024;282:30–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​
/​j​.​​a​h​j​.​2​0​2​4​.​1​2​.​0​1​0.

23.	 Jacobs JA, Carter SJ, Bullock G, Carey JR, Pan IZ, Kinsey MS, 
et al. Optimal initial intravenous loop diuretic dosing in acute 
decompensated heart failure. JACC: Advances. 2024;3:101250. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​a​d​v​.​2​0​2​4​.​1​0​1​2​5​0.

24.	 Segar MW, Khan MS, Patel KV, Butler J, Ravichandran AK, Walsh 
MN, et al. A phenomapping tool and clinical score to identify low 
diuretic efficiency in acute decompensated heart failure. JACC: Heart 
Failure. 2024;12:508–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​h​f​.​2​0​2​3​.​0​9​.​0​2​9.

25.	 Mauch J, Puthenpura M, Martens P, Engelman T, Grodin JL, 
Segar MW, Pandey A, Tang WHW. Adequacy of loop diuretic 
dosing in treatment of acute heart failure: insights from the BAN-
ADHF diuretic resistance risk score. Am J Cardiol. 2025;244:18–
27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​m​j​​c​a​r​​d​.​2​0​​2​5​​.​0​2​.​0​1​8.

26.	 Keshvani N, Rizvi S, Segar MW, Miller JW, Coellar JD, Patel 
KV, et al. Diuretic efficiency of a single dose of subcutaneous 
versus oral furosemide after heart failure hospitalization across 
diuretic resistance strata: a pilot randomized controlled trial. Eur 
J Heart Fail. 2025;27:347–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​3​5​3​7.

27.	 Belal AA, Kazory A. Urine sodium in acute heart failure: time for 
reappraisal. J Translational Crit Care Med. 2024;6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​9​7​​/​j​t​​c​c​m​-​d​-​2​4​-​0​0​0​0​3.

28.	 Martens P, Dupont M, Verbrugge FH, Damman K, Degryse N, 
Nijst P, Reynders C, Penders J, Tang WHW, Testani J, et al. Uri-
nary sodium profiling in chronic heart failure to detect develop-
ment of acute decompensated heart failure. JACC Heart Fail. 
2019;7:404–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​h​f​.​2​0​1​9​.​0​2​.​0​1​1.

29.	 Singh D, Shrestha K, Testani JM, Verbrugge FH, Dupont M, Mul-
lens W, et al. Insufficient natriuretic response to continuous intra-
venous furosemide is associated with poor long-term outcomes in 
acute decompensated heart failure. J Card Fail. 2014;20:392–9. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​a​​i​l​.​2​​0​1​​4​.​0​3​.​0​0​6.

30.	 Cox ZL, Rao VS, Wrenn JO, Collins SP, Testani JM, Ivey-Miranda 
JB. Evaluation of the natriuretic response prediction equation 
using a Race-free estimated glomerular filtration rate equation. J 
Card Fail. 2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​a​​i​l​.​2​​0​2​​5​.​0​5​.​0​1​3.

31.	 Testani JM, Hanberg JS, Cheng S, Rao V, Onyebeke C, Laur O, 
et al. Rapid and highly accurate prediction of poor loop diuretic 
natriuretic response in patients with heart failure. Circ Heart Fail. 
2016;9:e002370. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​C​I​​R​C​H​​E​A​R​​T​F​A​I​​L​U​​R​
E​.​1​1​5​.​0​0​2​3​7​0.

32.	 Ivey-Miranda JB, Rao VS, Cox ZL, Moreno-Villagomez J, 
Ramos Mastache D, Collins SP, et al. Natriuretic response predic-
tion equation for use with oral diuretics in heart failure. Eur Heart 
J. 2025;46:2410–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​h​e​a​r​t​j​/​e​h​a​f​2​6​8.

33.	 Dauw J, Charaya K, Lelonek M, Zegri-Reiriz I, Nasr S, Paredes-
Paucar CP, et al. Protocolized natriuresis-guided decongestion 
improves diuretic response: the multicenter ENACT-HF study. 
Circ Heart Fail. 2024;17:e011105. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​C​I​​R​C​
H​​E​A​R​​T​F​A​I​​L​U​​R​E​.​1​2​3​.​0​1​1​1​0​5.

34.	 Ter Maaten JM, Beldhuis IE, van der Meer P, Krikken JA, Post-
mus D, Coster JE, et al. Natriuresis-guided diuretic therapy in 
acute heart failure: a pragmatic randomized trial. Nat Med. 
2023;29:2625–32. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​1​-​0​2​3​-​0​2​5​3​2​-​z.

35.	 Tang WHW, Kiang A. Acute cardiorenal syndrome in heart fail-
ure: from dogmas to advances. Curr Cardiol Rep. 2020;22:143. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​8​8​6​-​0​2​0​-​0​1​3​8​4​-​0.

36.	 Goebel JA, Van Bakel AB. Rational use of diuretics in acute 
decompensated heart failure. Curr Heart Fail Rep. 2008;5:153–
62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​8​9​7​-​0​0​8​-​0​0​2​4​-​y.

37.	 Cox ZL, Sarrell BA, Cella MK, Tucker B, Arroyo JP, Umanath 
K, et al. Multinephron segment diuretic therapy to overcome 

7.	 Gheorghiade M, Follath F, Ponikowski P, Barsuk JH, Blair JE, Cle-
land JG, et al. Assessing and grading congestion in acute heart failure: 
a scientific statement from the acute heart failure committee of the 
heart failure association of the European society of cardiology and 
endorsed by the European society of intensive care medicine. Eur J 
Heart Fail. 2010;12:423–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​j​h​f​/​h​f​q​0​4​5.

8.	 Frățilă G-V, Obrişcă B, Ismail G. A practical approach to sequen-
tial nephron blockade in acute decompensated heart failure. Rom 
J Cardiol. 2023;33:83–92. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​7​8​​/​r​j​​c​-​2​0​2​3​-​0​0​2​1.

9.	 Mullens W, Damman K, Harjola VP, Mebazaa A, Brunner-La 
Rocca HP, Martens P, Testani JM, Tang WHW, Orso F, Rossignol 
P, et al. The use of diuretics in heart failure with congestion - a 
position statement from the heart failure association of the Euro-
pean society of cardiology. Eur J Heart Fail. 2019;21:137–55. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​1​3​6​9.

10.	 Mullens W, Verbrugge FH, Nijst P, Tang WHW. Renal sodium avid-
ity in heart failure: from pathophysiology to treatment strategies. Eur 
Heart J. 2017;38:1872–82. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​h​e​a​r​t​j​/​e​h​x​0​3​5.

11.	 Martens P, Chen HH, Verbrugge FH, Testani JT, Mullens W, Tang 
WHW. Assessing intrinsic renal sodium avidity in acute heart 
failure: implications in predicting and guiding decongestion. Eur 
J Heart Fail. 2022;24:1978–87. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​2​6​6​2.

12.	 Mullens W, Damman K, Testani JM, Martens P, Mueller C, Las-
sus J, et al. Evaluation of kidney function throughout the heart 
failure trajectory - a position statement from the heart failure 
association of the European society of cardiology. Eur J Heart 
Fail. 2020;22:584–603. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​1​6​9​7.

13.	 Bobbio E, Bollano E, Polte CL, Ekelund J, Radegran G, Lundgren 
J, et al. Association between central haemodynamics and renal func-
tion in advanced heart failure: a nationwide study from Sweden. ESC 
Heart Fail. 2022;9:2654–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​h​​f​2​.​1​3​9​9​0.

14.	 Chavez-Iniguez JS, Ivey-Miranda JB, De la Vega-Mendez FM, 
Borges-Vela JA. How to interpret serum creatinine increases dur-
ing decongestion. Front Cardiovasc Med. 2022;9:1098553. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​c​​v​m​.​2​0​2​2​.​1​0​9​8​5​5​3.

15.	 Verbrugge FH, Dupont M, Shao Z, Shrestha K, Singh D, Finucan M, 
et al. Novel urinary biomarkers in detecting acute kidney injury, per-
sistent renal impairment, and all-cause mortality following decon-
gestive therapy in acute decompensated heart failure. J Card Fail. 
2013;19:621–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​a​​i​l​.​2​​0​1​​3​.​0​7​.​0​0​4.

16.	 Dupont M, Shrestha K, Singh D, Awad A, Kovach C, Scarcipino M, 
Maroo AP, Tang WH. Lack of significant renal tubular injury despite 
acute kidney injury in acute decompensated heart failure. Eur J Heart 
Fail. 2012;14:597–604. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​j​h​f​/​h​f​s​0​3​9.

17.	 Verbrugge FH, Dupont M, Steels P, Grieten L, Swennen Q, Tang 
WH, et al. The kidney in congestive heart failure: ‘are natriuresis, 
sodium, and diuretics really the good, the bad and the ugly?‘. Eur 
J Heart Fail. 2014;16:133–42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​3​5.

18.	 Grodin JL, Simon J, Hachamovitch R, Wu Y, Jackson G, Halkar M, 
Starling RC, Testani JM, Tang WH. Prognostic role of serum chlo-
ride levels in acute decompensated heart failure. J Am Coll Cardiol. 
2015;66:659–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​c​.​2​0​1​5​.​0​6​.​0​0​7.

19.	 Vaduganathan M, Kumar V, Voors AA, Butler J. Unsolved chal-
lenges in diuretic therapy for acute heart failure: a focus on 
diuretic response. Expert Rev Cardiovasc Ther. 2015;13:1075–8. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​8​6​​/​1​4​​7​7​9​​0​7​2​​.​2​0​1​​5​.​​1​0​8​7​3​1​3.

20.	 Hodson DZ, Griffin M, Mahoney D, Raghavendra P, Ahmad T, 
Turner J, Wilson FP, Tang WHW, Rao VS, Collins SP, et al. Natri-
uretic response is highly variable and associated with 6-Month 
survival: insights from the ROSE-AHF trial. JACC Heart Fail. 
2019;7:383–91. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​h​f​.​2​0​1​9​.​0​1​.​0​0​7.

21.	 Emara AN, Mansour NO, Elnaem MH, Wadie M, Dehele IS, 
Shams MEE. Efficacy of nondiuretic pharmacotherapy for 
improving the treatment of congestion in patients with acute heart 
failure: a systematic review of randomised controlled trials. J Clin 
Med. 2022. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​j​c​​m​1​1​1​1​3​1​1​2.

1 3

   71   Page 16 of 18

https://doi.org/10.1016/j.ahj.2024.12.010
https://doi.org/10.1016/j.ahj.2024.12.010
https://doi.org/10.1016/j.jacadv.2024.101250
https://doi.org/10.1016/j.jacadv.2024.101250
https://doi.org/10.1016/j.jchf.2023.09.029
https://doi.org/10.1016/j.amjcard.2025.02.018
https://doi.org/10.1002/ejhf.3537
https://doi.org/10.1097/jtccm-d-24-00003
https://doi.org/10.1097/jtccm-d-24-00003
https://doi.org/10.1016/j.jchf.2019.02.011
https://doi.org/10.1016/j.cardfail.2014.03.006
https://doi.org/10.1016/j.cardfail.2014.03.006
https://doi.org/10.1016/j.cardfail.2025.05.013
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002370
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002370
https://doi.org/10.1093/eurheartj/ehaf268
https://doi.org/10.1161/CIRCHEARTFAILURE.123.011105
https://doi.org/10.1161/CIRCHEARTFAILURE.123.011105
https://doi.org/10.1038/s41591-023-02532-z
https://doi.org/10.1007/s11886-020-01384-0
https://doi.org/10.1007/s11886-020-01384-0
https://doi.org/10.1007/s11897-008-0024-y
https://doi.org/10.1093/eurjhf/hfq045
https://doi.org/10.2478/rjc-2023-0021
https://doi.org/10.1002/ejhf.1369
https://doi.org/10.1002/ejhf.1369
https://doi.org/10.1093/eurheartj/ehx035
https://doi.org/10.1002/ejhf.2662
https://doi.org/10.1002/ejhf.1697
https://doi.org/10.1002/ehf2.13990
https://doi.org/10.3389/fcvm.2022.1098553
https://doi.org/10.3389/fcvm.2022.1098553
https://doi.org/10.1016/j.cardfail.2013.07.004
https://doi.org/10.1093/eurjhf/hfs039
https://doi.org/10.1002/ejhf.35
https://doi.org/10.1016/j.jacc.2015.06.007
https://doi.org/10.1586/14779072.2015.1087313
https://doi.org/10.1586/14779072.2015.1087313
https://doi.org/10.1016/j.jchf.2019.01.007
https://doi.org/10.3390/jcm11113112


Current Treatment Options in Cardiovascular Medicine           (2025) 27:71 

the role of serum chloride. A post-hoc analysis of the SALT-HF 
trial on Furosemide and hypertonic saline solution administration 
in ambulatory patients with worsening heart failure. Eur J Heart 
Fail. 2025;27:960–71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​3​5​9​7.

52.	 Beygui F, Vicaut E, Ecollan P, Machecourt J, Van Belle E, Zannad F, 
Montalescot G. Rationale for an early aldosterone Blockade in acute 
myocardial infarction and design of the ALBATROSS trial. Am 
Heart J. 2010;160:642–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​h​j​.​2​0​1​0​.​0​6​.​0​4​9.

53.	 Eivazi M, Mutharasan RK, Cleveland E, Fine M. Outcome of 
titrating guideline directed medical therapy in heart failure patients 
at 90-day post-hospital discharge. J Card Fail. 2019;25:S138. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​a​​i​l​.​2​​0​1​​9​.​0​7​.​3​9​9.

54.	 Ohata T, Niimi N, Shiraishi Y, Nakatsu F, Umemura I, Kohno T, 
et al. Initiation and up-titration of guideline-based medications in 
hospitalized acute heart failure patients - a report from the West 
Tokyo heart failure registry. Circ J. 2023;88:22–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​2​5​3​​/​c​i​​r​c​j​.​C​J​-​2​3​-​0​3​5​6.

55.	 Rao VN, Shah A, McDermott J, Barnes SG, Murray EM, Kelsey 
MD, et al. In-hospital virtual peer-to-peer consultation to increase 
guideline-directed medical therapy for heart failure: a pilot ran-
domized trial. Circ Heart Fail. 2023;16:e010158. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​1​6​1​​/​C​I​​R​C​H​​E​A​R​​T​F​A​I​​L​U​​R​E​.​1​2​2​.​0​1​0​1​5​8.

56.	 Bhagat AA, Greene SJ, Vaduganathan M, Fonarow GC, Butler J. 
Initiation. Continuation, switching, and withdrawal of heart fail-
ure medical therapies during hospitalization. JACC: Heart Fail-
ure. 2019;7:1–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​h​f​.​2​0​1​8​.​0​6​.​0​1​1.

57.	 Moolchandani P, Patel S, Saito A, Gregorio S, Li J. Abstract 
15287: optimizing guideline directed medical therapy in recently 
hospitalized patients with heart failure in a large urban veterans 
affairs medical center. Circulation. 2022;146. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
1​6​1​​/​c​i​​r​c​.​​1​4​6​​.​s​u​p​​p​l​​_​1​.​1​5​2​8​7.

58.	 Morrow DA, Velazquez EJ, DeVore AD, Desai AS, Duffy CI, 
Ambrosy AP, et al. Clinical outcomes in patients with acute decom-
pensated heart failure randomly assigned to sacubitril/valsartan or 
enalapril in the PIONEER-HF trial. Circulation. 2019;139:2285–8. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​C​I​​R​C​U​​L​A​T​​I​O​N​A​​H​A​​.​1​1​8​.​0​3​9​3​3​1.

59.	 Voors AA, Angermann CE, Teerlink JR, Collins SP, Kosiborod 
M, Biegus J, Ferreira JP, Nassif ME, Psotka MA, Tromp J, et al. 
The SGLT2 inhibitor empagliflozin in patients hospitalized for 
acute heart failure: a multinational randomized trial. Nat Med. 
2022;28:568–74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​1​-​0​2​1​-​0​1​6​5​9​-​1.

60.	 Biegus J, Voors AA, Collins SP, Kosiborod MN, Teerlink JR, 
Angermann CE, et al. Impact of empagliflozin on decongestion in 
acute heart failure: the EMPULSE trial. Eur Heart J. 2023;44:41–
50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​h​e​a​r​t​j​/​e​h​a​c​5​3​0.

61.	 Berg DD, Patel SM, Haller PM, Cange AL, Palazzolo MG, Bel-
lavia A, et al. Dapagliflozin in patients hospitalized for heart 
failure: primary results of the DAPA ACT HF-TIMI 68 random-
ized clinical trial and meta-analysis of sodium-glucose cotrans-
porter-2 inhibitors in patients hospitalized for heart failure. 
Circulation. 2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​C​I​​R​C​U​​L​A​T​​I​O​N​A​​H​A​​
.​1​2​5​.​0​7​6​5​7​5.

62.	 Berg DD, Patel SM, Haller PM, Belohlavek J, Desai AS, Drozdz J, 
Inzucchi SE, McMurray JJV, Merkely B, O’Meara E, et al. Ratio-
nale and design of the Dapagliflozin effect on cardiovascular events 
in acute heart failure (DAPA ACT HF)-TIMI 68 trial. JACC Heart 
Fail. 2025;13:829–39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​h​f​.​2​0​2​5​.​0​3​.​0​1​4.

63.	 Cherbi M, Lairez O, Baudry G, Gautier P, Roubille F, Delmas C. 
Early initiation of Sodium-Glucose cotransporter 2 inhibitors in acute 
heart failure: a systematic review and meta-analysis. J Am Heart 
Assoc. 2025;14:e039105. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​J​A​​H​A​.​1​2​4​.​0​3​9​1​0​5.

64.	 Mazzotta R, Garofalo M, Salvi S, Orlandi M, Marcaccini G, 
Susini P, et al. Early administration of SGLT2 inhibitors in hos-
pitalized patients: a practical guidance from the current evidence. 
ESC Heart Fail. 2025;12:2631–42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​h​​f​2​.​1​
5​2​9​3.

diuretic resistance in acute heart failure: a single-center experi-
ence. J Card Fail. 2022;28:21–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​
a​​i​l​.​2​​0​2​​1​.​0​7​.​0​1​6.

38.	 Felker GM, Lee KL, Bull DA, Redfield MM, Stevenson LW, 
Goldsmith SR, LeWinter MM, Deswal A, Rouleau JL, Ofili EO, 
et al. Diuretic strategies in patients with acute decompensated 
heart failure. N Engl J Med. 2011;364:797–805. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​5​6​​/​N​E​​J​M​o​a​1​0​0​5​4​1​9.

39.	 Trullas JC, Morales-Rull JL, Casado J, Carrera-Izquierdo M, 
Sanchez-Marteles M, Conde-Martel A, et al. Combining loop 
with thiazide diuretics for decompensated heart failure: the CLO-
ROTIC trial. Eur Heart J. 2023;44:411–21. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​
3​​/​e​u​​r​h​e​a​r​t​j​/​e​h​a​c​6​8​9.

40.	 Mullens W, Dauw J, Martens P, Verbrugge FH, Nijst P, Meekers E, 
Tartaglia K, Chenot F, Moubayed S, Dierckx R, et al. Acetazolamide 
in acute decompensated heart failure with volume overload. N Engl J 
Med. 2022;387:1185–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​o​a​2​2​0​3​0​9​4.

41.	 Cox ZL, Collins SP, Hernandez GA, McRae AT 3rd, Davidson 
BT, Adams K, et al. Efficacy and safety of dapagliflozin in patients 
with acute heart failure. J Am Coll Cardiol. 2024;83:1295–306. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​c​.​2​0​2​4​.​0​2​.​0​0​9.

42.	 Vanhentenrijk S, Verbeeck J, Kalpakos T, Vandoren V, Braeck-
eveldt L, L’Hoyes W, Choustoulakis E, Roosens B, Tang WHW, 
Verwerft JAN, et al. Rationale and design of the DECONGEST 
(Diuretic treatment in acute heart failure with volume overload 
guided by serial spot urine sodium Assessment) study. J Card Fail. 
2025;31:651–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​a​​i​l​.​2​​0​2​​4​.​0​8​.​0​4​4.

43.	 Montgomery RA, Mauch J, Sankar P, Martyn T, Engelman T, 
Martens P, Faulkenberg K, Menon V, Estep JD, Tang WHW. Oral 
sodium to preserve renal efficiency in acute heart failure: A ran-
domized, Placebo-Controlled, Double-Blind study. J Card Fail. 
2023;29:986–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​a​​i​l​.​2​​0​2​​3​.​0​3​.​0​1​8.

44.	 Cobo Marcos M, de la Espriella R, Comin-Colet J, Zegri-Reiriz 
I, Rubio Gracia J, Morales-Rull JL, et al. Efficacy and safety of 
hypertonic saline therapy in ambulatory patients with heart fail-
ure: the SALT-HF trial. Eur J Heart Fail. 2024;26:2118–28. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​3​3​9​0.

45.	 Butler J, Anstrom KJ, Felker GM, Givertz MM, Kalogeropoulos 
AP, Konstam MA, Mann DL, Margulies KB, McNulty SE, Mentz 
RJ, et al. Efficacy and safety of spironolactone in acute heart fail-
ure: the ATHENA-HF randomized clinical trial. JAMA Cardiol. 
2017;2:950–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​1​​/​j​a​​m​a​c​a​r​d​i​o​.​2​0​1​7​.​2​1​9​8.

46.	 Greene SJ, Felker GM, Giczewska A, Kalogeropoulos AP, 
Ambrosy AP, Chakraborty H, et al. Spironolactone in acute 
heart failure patients with renal dysfunction and risk factors for 
diuretic resistance: from the ATHENA-HF trial. Can J Cardiol. 
2019;35:1097–105. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​j​c​a​.​2​0​1​9​.​0​1​.​0​2​2.

47.	 de Denus S, Leclair G, Dube MP, St-Jean I, Zada YF, Oussaid 
E, Jutras M, Givertz MM, Mentz RJ, Tang WHW, et al. Spi-
ronolactone metabolite concentrations in decompensated heart 
failure: insights from the ATHENA-HF trial. Eur J Heart Fail. 
2020;22:1451–61. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​1​8​0​2.

48.	 Natov PS, Ivey-Miranda JB, Cox ZL, Rao VS, Butler J, Konstam 
MA, et al. Increased spironolactone dosing in acute heart failure alters 
potassium homeostasis but does not enhance decongestion. J Card 
Fail. 2024;30:1522–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​a​​i​l​.​2​​0​2​​4​.​0​6​.​0​0​8.

49.	 Martens P, Verbrugge FH, Dauw J, Nijst P, Meekers E, Augusto 
SN, et al. Pre-treatment bicarbonate levels and decongestion by 
acetazolamide: the ADVOR trial. Eur Heart J. 2023;44:1995–
2005. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​h​e​a​r​t​j​/​e​h​a​d​2​3​6.

50.	 Verbrugge FH, Martens P, Dauw J, Nijst P, Meekers E, Augusto 
SN Jr., et al. Natriuretic response to acetazolamide in patients 
with acute heart failure and volume overload. J Am Coll Cardiol. 
2023;81:2013–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​c​.​2​0​2​3​.​0​3​.​4​0​0.

51.	 Nunez J, Minana G, de la Espriella R, Zegri-Reiriz I, Comin-
Colet J, Rubio Gracia J, et al. Salt repletion and diuretic response: 

1 3

Page 17 of 18     71 

https://doi.org/10.1002/ejhf.3597
https://doi.org/10.1016/j.ahj.2010.06.049
https://doi.org/10.1016/j.cardfail.2019.07.399
https://doi.org/10.1016/j.cardfail.2019.07.399
https://doi.org/10.1253/circj.CJ-23-0356
https://doi.org/10.1253/circj.CJ-23-0356
https://doi.org/10.1161/CIRCHEARTFAILURE.122.010158
https://doi.org/10.1161/CIRCHEARTFAILURE.122.010158
https://doi.org/10.1016/j.jchf.2018.06.011
https://doi.org/10.1161/circ.146.suppl_1.15287
https://doi.org/10.1161/circ.146.suppl_1.15287
https://doi.org/10.1161/CIRCULATIONAHA.118.039331
https://doi.org/10.1161/CIRCULATIONAHA.118.039331
https://doi.org/10.1038/s41591-021-01659-1
https://doi.org/10.1093/eurheartj/ehac530
https://doi.org/10.1161/CIRCULATIONAHA.125.076575
https://doi.org/10.1161/CIRCULATIONAHA.125.076575
https://doi.org/10.1016/j.jchf.2025.03.014
https://doi.org/10.1161/JAHA.124.039105
https://doi.org/10.1002/ehf2.15293
https://doi.org/10.1002/ehf2.15293
https://doi.org/10.1016/j.cardfail.2021.07.016
https://doi.org/10.1016/j.cardfail.2021.07.016
https://doi.org/10.1056/NEJMoa1005419
https://doi.org/10.1056/NEJMoa1005419
https://doi.org/10.1093/eurheartj/ehac689
https://doi.org/10.1093/eurheartj/ehac689
https://doi.org/10.1056/NEJMoa2203094
https://doi.org/10.1016/j.jacc.2024.02.009
https://doi.org/10.1016/j.jacc.2024.02.009
https://doi.org/10.1016/j.cardfail.2024.08.044
https://doi.org/10.1016/j.cardfail.2023.03.018
https://doi.org/10.1002/ejhf.3390
https://doi.org/10.1002/ejhf.3390
https://doi.org/10.1001/jamacardio.2017.2198
https://doi.org/10.1016/j.cjca.2019.01.022
https://doi.org/10.1002/ejhf.1802
https://doi.org/10.1016/j.cardfail.2024.06.008
https://doi.org/10.1093/eurheartj/ehad236
https://doi.org/10.1016/j.jacc.2023.03.400


Current Treatment Options in Cardiovascular Medicine           (2025) 27:71 

79.	 van den Berge JC, van Vark LC, Postmus D, Utens E, Hillege 
HL, Boersma E, Lesman-Leegte I, Akkerhuis KM. Determinants 
of quality of life in acute heart failure patients with and without 
comorbidities: a prospective, observational study. Eur J Cardiovasc 
Nurs. 2022;21:205–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​j​c​n​/​z​v​a​b​0​6​1.

80.	 Gurgoze MT, van Vark LC, Baart SJ, Kardys I, Akkerhuis KM, 
Manintveld OC, Postmus D, Hillege HL, Lesman-Leegte I, 
Asselbergs FW, et al. Multimarker analysis of serially measured 
GDF-15, NT-proBNP, ST2, GAL-3, cTnI, creatinine, and progno-
sis in acute heart failure. Circ Heart Fail. 2023;16:e009526. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​C​I​​R​C​H​​E​A​R​​T​F​A​I​​L​U​​R​E​.​1​2​2​.​0​0​9​5​2​6.

81.	 La Porta E, Faragli A, Herrmann A, Lo Muzio FP, Estienne L, 
Nigra SG, et al. Bioimpedance analysis in CKD and HF patients: 
a critical review of benefits, limitations, and future directions. J 
Clin Med. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​j​c​​m​1​3​2​1​6​5​0​2.

82.	 De Ieso F, Mutke MR, Brasier NK, Raichle CJ, Keller B, Sucker 
C, et al. Body composition analysis in patients with acute heart 
failure: the scale heart failure trial. ESC Heart Fail. 2021;8:4593–
606. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​h​​f​2​.​1​3​6​4​1.

83.	 Accardi AJ, Matsubara BS, Gaw RL, Daleiden-Burns A, Hey-
wood JT. Clinical utility of fluid volume assessment in heart fail-
ure patients using bioimpedance spectroscopy. Front Cardiovasc 
Med. 2021. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​c​​v​m​.​2​0​2​1​.​6​3​6​7​1​8.

84.	 Trejo-Velasco B, Fabregat-Andres O, Montagud V, Morell 
S, Nunez J, Facila L. Prognostic value of analysing the bio-
impedance vector for patients hospitalised for acute decompen-
sated heart failure: A validation cohort. Rev Clin Esp (Barc). 
2016;216:121–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​r​c​e​.​2​0​1​5​.​1​2​.​0​0​4.

85.	 Scagliusi SF, Gimenez-Miranda L, Perez-Garcia P, Olmo-Fernandez 
A, Huertas-Sanchez G, Medrano-Ortega FJ, et al. Wearable devices 
based on bioimpedance test in heart-failure: design issues. Rev Car-
diovasc Med. 2024;25:320. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​0​8​​3​/​j​​.​r​c​m​2​5​0​9​3​2​0.

86.	 Darling CE, Dovancescu S, Saczynski JS, Riistama J, Sert Kuniy-
oshi F, Rock J, et al. Bioimpedance-based heart failure deteriora-
tion prediction using a prototype fluid accumulation vest-mobile 
phone dyad: an observational study. JMIR Cardio. 2017;1:e1. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​1​9​6​​/​c​a​​r​d​i​o​.​6​0​5​7.

87.	 Fermann GJ, Levy PD, Pang P, Butler J, Ayaz SI, Char D, et al. 
Design and rationale of a randomized trial of a care transition 
strategy in patients with acute heart failure discharged from the 
emergency department: GUIDED-HF (get with the guidelines in 
emergency department patients with heart failure). Circ Heart Fail. 
2017. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​C​I​​R​C​H​​E​A​R​​T​F​A​I​​L​U​​R​E​.​1​1​6​.​0​0​3​5​8​1.

88.	 Mentz RJ, Anstrom KJ, Eisenstein EL, Sapp S, Greene SJ, Mor-
gan S, et al. Effect of torsemide vs Furosemide after discharge 
on all-cause mortality in patients hospitalized with heart fail-
ure: the TRANSFORM-HF randomized clinical trial. JAMA. 
2023;329:214–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​1​​/​j​a​​m​a​.​2​0​2​2​.​2​3​9​2​4.

89.	 Martens P, Greene SJ, Mentz RJ, Li S, Wojdyla D, Kapelios CJ, 
et al. Impact of baseline kidney dysfunction on oral diuretic effi-
cacy following hospitalization for heart failure - insights from 
TRANSFORM-HF. Eur J Heart Fail. 2024;26:1242–50. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​j​​h​f​.​3​2​0​7.

90.	 Rao VS, Cox ZL, Ivey-Miranda JB, Neville D, Balkcom N, 
Moreno-Villagomez J, et al. Mechanistic differences between 
torsemide and furosemide. J Am Soc Nephrol. 2025;36:99–107. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​6​8​1​​/​A​S​​N​.​0​0​0​0​0​0​0​0​0​0​0​0​0​4​8​1.

91.	 Felker GM, Anstrom KJ, Adams KF, Ezekowitz JA, Fiuzat M, 
Houston-Miller N, et al. Effect of natriuretic peptide–guided 
therapy on hospitalization or cardiovascular mortality in high-
risk patients with heart failure and reduced ejection fraction: a 
randomized clinical trial. JAMA. 2017;318:713–20. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​
r​​g​​/​​1​0​​.​1​0​​​0​1​/​​j​​a​m​a​.​2​​0​1​7​.​1​0​5​6​5.

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

65.	 Sephien A, Girgis JG, Reljic T, Dayto DC, Joly JM, Katz JN, et al. 
Efficacy and safety of different combinations of add-on diuretic 
therapy in acute heart failure: a systematic review and network 
meta-analysis of randomized controlled trials. Am J Cardiol. 
2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​m​j​​c​a​r​​d​.​2​0​​2​5​​.​0​8​.​0​4​1.

66.	 Mebazaa A, Davison B, Chioncel O, Cohen-Solal A, Diaz R, Filippa-
tos G, et al. Safety, tolerability and efficacy of up-titration of guideline-
directed medical therapies for acute heart failure (STRONG-HF): a 
multinational, open-label, randomised, trial. Lancet. 2022;400:1938–
52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​4​0​-​6​7​3​6​(​2​2​)​0​2​0​7​6​-​1.

67.	 Cotter G, Deniau B, Davison B, Edwards C, Adamo M, Arrigo 
M, Barros M, Biegus J, Celutkiene J, Cerlinskaite-Bajore K, et 
al. Optimization of Evidence-Based heart failure medications 
after an acute heart failure admission: A secondary analysis of 
the STRONG-HF randomized clinical trial. JAMA Cardiol. 
2024;9:114–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​1​​/​j​a​​m​a​c​a​r​d​i​o​.​2​0​2​3​.​4​5​5​3.

68.	 Tomasoni D, Davison B, Adamo M, Pagnesi M, Mebazaa A, 
Edwards C, Arrigo M, Barros M, Biegus J, Celutkiene J, et al. Safety 
indicators in patients receiving High-intensity care after hospital 
admission for acute heart failure: the STRONG-HF trial. J Card Fail. 
2024;30:525–37. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​a​r​​d​f​a​​i​l​.​2​​0​2​​3​.​0​9​.​0​0​2.

69.	 Zhang X, Davison B, Adamo M, Arrigo M, Biegus J, Chioncel O, 
Cohen-Solal A, Cotter G, Edwards C, Kimmoun A, et al. Guide-
line-Directed medical therapy use in the STRONG-HF trial. Circ 
Heart Fail. 2025;e012716. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​C​I​​R​C​H​​E​A​R​​T​
F​A​I​​L​U​​R​E​.​1​2​4​.​0​1​2​7​1​6.

70.	 Caillard A, Cerlinskaite-Bajore K, Mebazaa A. Rethinking 
diuretics for congestion in acute heart failure: insight from the 
STRONG-HF trial. Eur J Emerg Med. 2024;31:231–3. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​M​E​​J​.​0​0​0​0​0​0​0​0​0​0​0​0​1​1​5​1.

71.	 Velazquez EJ, Morrow DA, DeVore AD, Duffy CI, Ambrosy AP, 
McCague K, et al. Angiotensin-neprilysin inhibition in acute 
decompensated heart failure. N Engl J Med. 2019;380:539–48. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​o​a​1​8​1​2​8​5​1.

72.	 Huang C-C, Wu Y-W. Abstract 12163: initiation of guideline 
directed medical therapy at hospital discharge improves out-
comes in heart failure with reduced ejection fraction. Circulation. 
2023;148. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​c​i​​r​c​.​​1​4​8​​.​s​u​p​​p​l​​_​1​.​1​2​1​6​3.

73.	 Felker GM, Whellan DJ. Inpatient management of heart fail-
ure: are we shooting at the right target?? Ann Intern Med. 
2017;166:223–4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​7​​3​2​6​​/​M​1​​6​-​2​6​6​7.

74.	 Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Col-
vin MM, Deswal A, Drazner MH, Dunlay SM, Evers LR, et al. 
2022 AHA/ACC/HFSA guideline for the management of heart 
failure: A report of the American college of cardiology/american 
heart association joint committee on clinical practice guidelines. 
J Am Coll Cardiol. 2022;79:e263–421. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​
a​c​c​.​2​0​2​1​.​1​2​.​0​1​2.

75.	 Adamo M, Pagnesi M, Mebazaa A, Davison B, Edwards C, 
Tomasoni D, et al. NT-proBNP and high intensity care for acute 
heart failure: the STRONG-HF trial. Eur Heart J. 2023;44:2947–
62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​h​e​a​r​t​j​/​e​h​a​d​3​3​5.

76.	 Gaggin HK, Truong QA, Rehman SU, Mohammed AA, Bhardwaj 
A, Parks KA, et al. Characterization and prediction of natriuretic 
peptide nonresponse during heart failure management: results from 
the probnp outpatient tailored chronic heart failure (PROTECT) 
and the NT-proBNP-assisted treatment to lessen serial cardiac 
readmissions and death (BATTLESCARRED) study. Congest 
Heart Fail. 2013;19:135–42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​c​h​​f​.​1​2​0​1​6.

77.	 Yan CL, Grazette L. A review of biomarker and imaging moni-
toring to predict heart failure recovery. Front Cardiovasc Med. 
2023;10:1150336. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​c​​v​m​.​2​0​2​3​.​1​1​5​0​3​3​6.

78.	 Chaikijurajai T, Chen HH, Tang WHW. Baseline NT-proBNP non-
response score and health status measures in assessing treatment 
responses in heart failure with reduced ejection fraction. Am Heart 
J. 2025;283:17–25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​h​j​.​2​0​2​5​.​0​1​.​0​1​1.

1 3

   71   Page 18 of 18

https://doi.org/10.1093/eurjcn/zvab061
https://doi.org/10.1161/CIRCHEARTFAILURE.122.009526
https://doi.org/10.1161/CIRCHEARTFAILURE.122.009526
https://doi.org/10.3390/jcm13216502
https://doi.org/10.1002/ehf2.13641
https://doi.org/10.3389/fcvm.2021.636718
https://doi.org/10.1016/j.rce.2015.12.004
https://doi.org/10.31083/j.rcm2509320
https://doi.org/10.2196/cardio.6057
https://doi.org/10.2196/cardio.6057
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003581
https://doi.org/10.1001/jama.2022.23924
https://doi.org/10.1002/ejhf.3207
https://doi.org/10.1002/ejhf.3207
https://doi.org/10.1681/ASN.0000000000000481
https://doi.org/10.1681/ASN.0000000000000481
https://doi.org/10.1001/jama.2017.10565
https://doi.org/10.1001/jama.2017.10565
https://doi.org/10.1016/j.amjcard.2025.08.041
https://doi.org/10.1016/S0140-6736(22)02076-1
https://doi.org/10.1001/jamacardio.2023.4553
https://doi.org/10.1016/j.cardfail.2023.09.002
https://doi.org/10.1161/CIRCHEARTFAILURE.124.012716
https://doi.org/10.1161/CIRCHEARTFAILURE.124.012716
https://doi.org/10.1097/MEJ.0000000000001151
https://doi.org/10.1097/MEJ.0000000000001151
https://doi.org/10.1056/NEJMoa1812851
https://doi.org/10.1056/NEJMoa1812851
https://doi.org/10.1161/circ.148.suppl_1.12163
https://doi.org/10.7326/M16-2667
https://doi.org/10.1016/j.jacc.2021.12.012
https://doi.org/10.1016/j.jacc.2021.12.012
https://doi.org/10.1093/eurheartj/ehad335
https://doi.org/10.1111/chf.12016
https://doi.org/10.3389/fcvm.2023.1150336
https://doi.org/10.1016/j.ahj.2025.01.011

	﻿Evolving Decongestion Strategies in the Management of Acute Heart Failure
	﻿Abstract
	﻿Opinion statement
	﻿Introduction
	﻿Assessing Congestion, Kidney Dysfunction, and Adequacy of Diuretic Response
	﻿The Problem with Residual Congestion
	﻿Kidney Dysfunction in Acute Heart Failure
	﻿Interpreting Changes in Serum Creatinine and Electrolyte Imbalances
	﻿Inadequate Diuretic Dosing Versus True Diuretic Resistance
	﻿Predicting Diuretic Resistance: the BAN-ADHF Score
	﻿The Promise of Natriuretic-Guided Diuresis
	﻿Linking Natriuresis To Clinical Outcomes
	﻿Identifying Intrinsic Renal Sodium Avidity
	﻿Natriuresis-guided Diuretic Dosing and Escalation: ENACT-HF and PUSH-AHF
	﻿Implementing Natriuresis-Guided Protocols
	﻿Opportunities for Improvement and Implementation into Practice

	﻿Ensuring Effective Decongestion with Segmental Nephron Blockade
	﻿Rationale for Multi-Nephron Segment Diuretic Therapy
	﻿Distal Nephron Blockade in Acute HF: the CLOROTIC and ATHENA-HF Trials
	﻿Proximal Nephron Blockade: the ADVOR Trial
	﻿Salt Supplementation



