
Journal of the American Heart Association

J Am Heart Assoc. 2026;15:e045911. DOI: 10.1161/JAHA.125.045911� 1

 

ORIGINAL RESEARCH

Continuous Versus Intermittent Loop 
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BACKGROUND: Loop diuretics are used to solve congestion in acute heart failure. However, a clear indication about the best 
infusion modality, dose, and duration of the treatment has not yet been established. In this analysis of the DIUR-AHF (Different 
Loop Diuretic Dosing and Administration in Acute Heart Failure) study, we aimed to investigate the effects of different diuretic 
administration modalities (ie, intermittent versus continuous furosemide infusion) and dose (high dose [HD] versus low dose) 
on congestion, renal function, and outcome.

METHODS: Patients received intermittent or continuous intravenous loop diuretics infusion combined as a 1:1 ratio for a period 
of 72 to 120 hours. HD was defined as a high loop diuretic dose >120 mg/d. Clinical outcome was evaluated in terms of death 
or heart failure rehospitalization over a 6-month follow-up period.

RESULTS: A total of 370 patients with AHF were included in this analysis, 189 treated with continuous intravenous loop diuretics 
infusion and 181 with intermittent intravenous loop diuretics infusion. At baseline, the continuous intravenous loop diuretic 
infusion group showed increased median values of blood urea (P=0.010) and creatinine (P=0.017). Dividing our sample 
according to loop diuretic dosage, the HD group revealed similar congestion and weight loss compared with the low-dose 
group; however, the HD group showed a reduced diuretic efficiency (−0.13 [−0.22 to −0.07] versus −0.32 [−0.59 to −0.20] 
kg/d; P<0.001) and an increased rate of adverse event occurrence (55% versus 20%; P<0.001). Multivariable analysis showed 
the association between HD treatment and poor postdischarge outcome (hazard ratio, 1.95 [95% CI, 1.23–3.10]; P=0.005).

CONCLUSIONS: An HD of loop diuretics infusion revealed an increased risk for adverse events together with reduced diuretic 
response. Our results extend previous findings revealing the association between HD diuretics and prognosis in patients with 
chronic HF. Additional studies may confer loop diuretic response in relation to the other decongestive treatments.
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Congestion represents the main cause of hospital-
ization in patients with acute heart failure (AHF), 
requiring urgent treatment mainly based on in-

travenous diuretic therapy.1,2 Additionally, the residual 
congestion at discharge (about 50% of patients admit-
ted with AHF diagnosis), mainly due to inappropriate 
decongestion treatment, is one of the most important 
prognostic factors in patients with AHF.3–7 Despite loop 
diuretics remaining the first-choice drug for treatment 

of volume overload in AHF, their correct administration 
modality and dose are not universally accepted. Multiple 
studies have investigated different strategies or modal-
ities with contrasting findings.8,9 These gaps appear to 
be related to several factors, such as the heterogenicity 
of population enrolled, the timing of drug administration, 
the inclusion of ambiguous end points, and the quality of 
data.8–11 Despite the lack of solid data, European Society 
of Cardiology recommendations confirmed the mile-
stone role of loop diuretics to alleviate congestion in AHF 
setting, but there were no indications about the optimal 
modality administration and infusion time.12 For instance, 
the DOSE (Diuretic Optimization Strategies Evaluation in 
Acute Heart Failure) trial, comparing high-dose (HD) ver-
sus low-dose (LD) and continuous (CiV) versus intermit-
tent (IiV) loop diuretics infusion, did not show a significant 
difference among the 4 arms.13 Moreover, a propensity-
matched analysis of ALARM-HF (Acute Heart Failure 
Global Registry of Standard Treatment) study showed 
that an HD of intravenous loop diuretics did not affect 
the short-term mortality rate.14 Finally, a recent retro-
spective analysis demonstrated that the wide variation 
in diuretic strategies was associated with a longer hospi-
tal stay, but there was no association with 30-day read-
mission.15 Trying to fill the current gaps, the Heart Failure 
Association of the European Society of Cardiology pub-
lished a theoretical algorithm suggesting initiating intrave-
nous administration that doubled the oral dose and loop 
diuretic titration on the basis of diuretic response using 
urinary salt concentration and urine output.16 However, 
the optimal diuretic strategies in AHF remain unclear; 
thus, a specific analysis evaluating different modality ad-
ministration becomes a priority. Recently, the DIUR-AHF 
(Different Loop Diuretic Dosing and Administration in 
Acute Heart Failure) trial showed that CiV of furosemide 
for a period of 72 to 120 hours, even if associated with 
better decongestion (ie, higher NTproBNP [N-terminal 
pro B-type natriuretic peptide] decrease, weight loss, 
and daily mean urine output), led to a poorer outcome, 
suggesting that “more effective decongestion” does not 
necessarily indicate a better outcome. Similarly, HD was 
associated with an increased risk of both hospitalization 
and death.17 To elucidate the effects of different diuretic 
regimen and administration modalities in patients with 
AHF, focusing on loop diuretic dosage and the conse-
quent effect on the 180-day mortality rate and hospi-
talization, we performed a propensity matched analysis 
focused on high versus low dose.

METHODS
Data Availability
Data may be officially requested from Prof. Alberto 
Palazzuoli and will be available after his positive 
response.

CLINICAL PERSPECTIVE

What Is New?
•	 Continuous intravenous loop diuretic infusion 

did not reduce the congestion burden at dis-
charge, leading to a higher rate of worsening 
renal function and lower diuretic efficiency.

•	 A high dose of diuretics was related to poor 
prognosis at 180-day follow-up, and this condi-
tion is probably due to the diuretic resistance of 
these patients, depending on their worse base-
line conditions.

What Are the Clinical Implications?
•	 The management of diuretic treatment in acute 

heart failure should include a better evaluation of 
baseline characteristics of the patients and also 
a step-by-step adjustment of the dose consider-
ing diuretic efficiency, urine output, and spot urine 
sodium to avoid a detrimental overtreatment.

Nonstandard Abbreviations and Acronyms

ALARM-HF	 Acute Heart Failure Global Registry 
of Standard Treatment

CiV	 continuous intravenous loop 
diuretics infusion

DE	 diuretic efficiency
DIUR-AHF	 Different Loop Diuretic Dosing and 

Administration in Acute Heart 
Failure

DOSE	 Diuretic Optimization Strategies 
Evaluation in Acute Heart Failure

HD	 high dose
IiV	 intermittent intravenous loop 

diuretics infusion
LD	 low dose
PUSH-AHF	 Pragmatic Urinary Sodium–Based 

Treatment Algorithm in Acute 
Heart Failure

WRF	 worsening renal function
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Study Design
The DIUR‐AHF study was a multicenter, prospective, 
open-label, observational case–control study originally 
designed to randomize patients with a diagnosis of 
AHF to CiV versus IiV loop diuretic infusion.18 However, 
due to the difficulties experienced during SARS-CoV-2 
pandemic, we modified the nature of the study, chang-
ing it to an observational prospective study, opening 
to the physicians’ decision the possibility to adminis-
ter both CiV and IiV loop diuretics, with an enrollment 
ratio of 1:1. The enrollment to follow-up period ranged 
from November 2018 to February 2023. Seven differ-
ent centers participated in the study (Cardiovascular 
Diseases Unit, Siena, Italy; Clinical Cardiology, Siena, 
Italy; Cardiology Ward La Sapienza University, Rome, 
Italy; Cardiology Unit, Mondovì, Italy; Le Molinette 
Hospital, Turin, Italy; Cardiology Division San Paolo 
Hospital University of Milano, Italy; Internal Medicine 
Monaldi Hospital Federico II University, Naples, Italy). 
The details of patients’ enrollment are shown in 
Figure S1. The study complies with the Declaration of 
Helsinki. The study was approved by the local ethics 
institutional board (Comitato Etico Regione Toscana –  
Area Vasta Sud Est approved on June 19, 2017) and 
registered at Clini​caltr​ial.​gov (NCT02638142). All pa-
tients gave written informed consent. The statisti-
cal analyses were conducted in collaboration with 
the Department of Economics and Statistics of the  
University of Siena.

Inclusion Criteria
Patients were eligible if they were admitted with a main 
diagnosis of AHF or acute decompensated heart fail-
ure, regardless of left ventricular ejection fraction, with 
typical symptoms (dyspnea, orthopnea, peripheral 
edema, or major fatigue) and at least 2 clinical signs 
(rales, hepatomegaly, pulmonary congestion on chest 
radiography, jugular vein dilation, or a third heart sound) 
and NT-proBNP (N-terminal pro-B-type natriuretic pep-
tide) level of >500 pg/mL. Additionally, patients were 
included if they presented radiographic or ultrasound 
indexes of pulmonary overload (pulmonary congestion, 
fluid redistribution, edema or pleural effusion, and B-
line count >20 at lung ultrasound). Additional eligibility 
criteria were a history of chronic heart failure and use 
of an oral loop diuretic for at least 1 month before ad-
mission, at a dose ranging from 25 to 250 mg daily of 
furosemide.17,18

Exclusion Criteria
Patients were excluded if they received >40 mg of 
intravenous furosemide at emergency department 
presentation or if they had end-stage renal disease or 
needed renal replacement therapy. Other exclusion 

criteria were a recent diagnosis of myocardial infarction 
(within 30 days before the screening); systolic blood 
pressure <80 mm Hg; sepsis, liver diseases, inflamma-
tory diseases, or neoplastic diseases or if they needed 
mechanical cardiac support.17,18

Administration Procedures
At enrollment, patients taking oral loop diuretics were 
stopped, and they received an intravenous loop diuretic 
at double the oral maintenance dose, administered as 
a single bolus immediately after inclusion in the study. 
Patients who had never taken diuretics were started on 
40 mg of intravenous furosemide administered twice 
during the first 12 hours. Patients were then enrolled in 
a 1:1 ratio upon physicians’ judgment to receive either 
twice-daily bolus injections IiV or CiV combined as a 
1:1 ratio in 5% saline solution for a period of 72 to 120 
hours, receiving a starting dose of 80±20 mg/d. CiV 
was administered by syringe pump including furosem-
ide, with velocity depending on the dose administered; 
in the intermittent arm, furosemide was administered 
every 12 hours in 2 distinct saline solutions in 1 hour. If a 
patient had a good response, the initial dose was con-
tinued; if a patient had a poor response, defined as diu-
retic efficiency (DE) <0.2 kg/d for 40 mg of furosemide 
and net urine output <1 L/day, the furosemide dosage 
was doubled (160±40 mg/d).16–20 In case of contin-
ued diuretic resistance, defined as a poor response, 
the dosage was raised to 250±40 mg/d (Figure  S2). 
Therefore, patients with poor DE underwent intensifi-
cation treatment. Additionally, serum electrolytes, renal 
function, and urine output were monitored daily across 
the whole infusion period. It was strongly advised that 
the doses of neurohumoral blockers remained un-
changed in accordance with the European Society of 
Cardiology guidelines; however, for patients with low 
blood pressure values or hypoperfusion signs need-
ing inotropic infusion, the treatment was interrupted 
or reduced according to clinical status.19 The use of 
additional agents (amine treatment, levosimendan, 
vasodilators, hypertonic saline infusions) was indepen-
dently decided by the physicians on the basis of the 
laboratory values (creatinine, electrolyte balance, and 
natriuretic peptides) and the clinical and hemodynamic/
congestion status, with daily dosages adjusted during 
the infusion periods. At admission, during the treatment 
period, and at discharge, patients underwent a clinical 
assessment of congestion, blood sample analysis (for 
NTproBNP, renal function variables, electrolytes), urine 
output measurement, and echocardiographic assess-
ment (Figure S3).17,18

Definitions
Chronic kidney disease was defined as an estimated 
glomerular filtration rate (eGFR) <60 mL/min per 1.73 
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m2 at baseline. Worsening renal function (WRF) was 
defined as an eGFR decrease ≥20% at any time from 
admission to discharge.21 eGFR was calculated using 
the Cockcroft–Gault formula.22 DE was calculated 
according to the following formula: (Weight change/
days of infusion)/(Mean daily furosemide dosage/40 
mg of furosemide).23,24 HD was defined as a loop 
diuretic dose >120 mg/day; LD is defined as a loop 
diuretic dose ≤120 mg/day. A congestion score 
was calculated both at admission and at discharge. 
The following symptoms and signs were evaluated: 
pulmonary rales, peripheral edema, dyspnea, and 
pulmonary congestion at chest radiography (4 total 
points). Persistence of congestion was defined as a 
congestion score at discharge ≥2.25

Follow-Up
Clinical outcome was evaluated in terms of death 
or heart failure rehospitalization over a 6-month 
follow-up period. There was a scheduled outpatient 
visit or phone contact at 30, 60, 90, and 180 days 
after discharge. Heart failure rehospitalizations were 
defined as any hospital admission with a primary 
or secondary diagnosis of volume overload or low 
output due to pump failure, acute coronary syndrome 
complicated by heart failure, ventricular arrhythmia 
associated with left ventricular dysfunction, or heart 
failure related to WRF.

Primary and Secondary End Points
Primary end points were 180-day death and heart 
failure rehospitalization comparing IiV versus CiV and 
HD versus LD. Exploratory safety primary end points 
were the change in the serum creatinine level from 
baseline to the end of infusion period in the 2 arms and 
in the high versus low diuretic dose. Secondary end 
points were the evaluation of decongestion, NTproBNP 
decrease, and WRF occurrence in relation to high 
versus low diuretic dosage.

Sample Size Calculation
The study’s sample size is based on our primary 
end points. Thus, we considered that the adverse 
events incidence (180-day cardiac death or rehospi-
talization) is likely to be 40% in patients undergoing 
continuous infusion and 25% in patients undergo-
ing intermittent infusion. The sample size of 304 pa-
tients (152 in each arm) might be helpful in detecting 
the clinical outcome difference between the groups 
(CiV versus IiV) with a power of 80%. We assumed 
no patients would withdraw or be lost during the 
hospitalization period. We also considered that 20% 
of subjects could be lost during follow-up after hos-
pital discharge.

Statistical Analysis
All data were analyzed with intention-to-treat principles. 
Continuous variables are expressed as median (inter-
quartile range), while discrete variables are presented 
as counts with percentages. The Wilcoxon rank-sum 
test and χ2 test were used to compare the 2 groups 
(CiV versus IiV and HD versus LD). With the aim of re-
ducing selection bias and therefore approximating a 
randomized controlled trial in a setting of observational 
data, a propensity score adjustment was implemented. 
More precisely, a multivariate logistic regression model 
was used to estimate the probability of belonging to 
the IiV group. As predictors, we included the variables 
related to patient characteristics at admission that 
were associated with the treatment (P<0.2) (Table  1). 
The 7 regressors included in the propensity score were 
age, creatinine, blood urea nitrogen, eGFR, diabetes, 
dyslipidemia, and left ventricular ejection fraction. The 
adequacy of the propensity score adjustment was eval-
uated by examining the overlap between the propen-
sity score distributions of the 2 treatments (Figure S4). 
A sufficient overlap indicates that there is a common 
support range, where both groups have comparable 
propensity scores. The multivariate model used to de-
termine the propensity score representing the probabil-
ity of receiving IiV is reported in Table S1. To assess the 
effectiveness of the propensity score adjustment, the 
overlap between the propensity score distributions of 
the 2 groups was evaluated. This was done by calculat-
ing the minimum value of the kernel density functions 
at each point along the score range and integrating 
the resulting curve. The overlap area was found to be 
0.82, indicating substantial common support between 
the groups. Such a high degree of overlap suggests 
that the propensity score adjustment successfully bal-
anced the baseline characteristics between the groups, 
thereby reducing potential confounding and enhancing 
comparability.26

A univariate Cox regression model was performed 
for each of the regressors listed in Figure 1 to assess 
their association with the outcomes of death and re-
hospitalization (within 180 days). Schoenfeld tests were 
performed for all univariate models, and residual con-
gestion was the only variable showing evidence of pro-
portional hazards violation (P<0.0001), indicating that 
its effect is not constant over time and that the corre-
sponding hazard ratio (HR) should be interpreted with 
caution.

In addition, a multivariable Cox regression model 
was also performed, incorporating the propensity 
score adjustment and also including sex, hyponatre-
mia, hypokalemia, sodium–glucose cotransporter 2 
inhibitor use, and mineralocorticoid receptor antag-
onist use. This adjustment was applied to control for 
potential confounders and improve the accuracy of 
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the estimated associations between the variables and 
the outcomes of death and rehospitalization (within 
180 days). In the multivariable Cox model, the pro-
portional hazards assumption was again violated for 

residual congestion (Schoenfeld test, P<0.005), and 
the global test also indicated deviation from propor-
tionality (P<0.002). Consequently, residual conges-
tion was modeled using an extended Cox approach 

Table 1.  Differences in Baseline Characteristics Between CiV and IiV Groups

All patients (n=370) cIV (n=189) IiV (n=181) P value

Age, y 78 (71–84) 79 (73–85) 76 (69–84) 0.05*

Sex, n

Male 206 104 99 1

Female 167 85 82 …

Laboratory data before the treatment

Creatinine, mg/dL 1.4 (1.1–1.9) 1.5 (1.1–2.1) 1.4 (1.0–1.8) 0.017*

Blood urea nitrogen, mg/dL 65 (41–96) 67 (46–99) 57 (34–89) 0.01*

eGFR, mL/min per 1.73 m2 41 (28–59) 38 (26–55) 44 (31–66) 0.02*

Serum sodium, mEq/L 138 (135–141) 138 (133–141) 138 (136–140) 0.225

Serum potassium, mEq/L 4.1 (3.8–7.5) 4.1 (3.8–4.4) 4.1 (3.8–4.5) 0.587

NTproBNP, pg/mL 7650 (4093–18 352) 7200 (4210–19 312) 7800 (3930–17 725) 0.975

Risk factors, %

Diabetes 38 34 41 0.163

Hypertension 72 75 70 0.34

Dyslipidemia 45 40 49 0.103

Atrial fibrillation, % 36 38 34 0.579

Coronary artery disease, % 54 57 51 0.314

Chronic kidney disease, % 55 58 51 0.267

Left ventricular ejection fraction, % 35 (25–40) 30 (25–40) 35 (25–40) 0.068

Home therapy with furosemide, dose, mg 100 (75–150) 100 (75–175) 100 (75–150) 0.349

Other heart failure home therapy

Sodium–glucose cotransporter-2 
inhibitors %

7 6 7 0.75

Mineralocorticoid receptor antagonists, % 20 21 19 0.755

cIV indicates continuous intravenous infusion; eGFR, estimated glomerular filtration rate; IiV, intermittent intravenous infusion; and NTproBNP, N-terminal 
pro-B-type natriuretic peptide.

*XXX.

Figure 1.  Univariate HR (A) and multivariable HR* (B) for 180‐day death or rehospitalization.
*Adjusted for age, sex, creatinine, blood urea nitrogen, estimated glomerular filtration rate, diabetes, dyslipidemia, left ventricular 
ejection fraction, hyponatremia, hypokalemia, sodium–glucose cotransporter-2 inhibitor use, and mineralocorticoid receptor 
antagonist use. CiV indicates continuous intravenous infusion; HD, high dose; HR, hazard ratio; LD, low dose; NTproBNP, N-terminal 
pro B-type natriuretic peptide; and WRF, worsening renal function.
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with a time-varying effect through an interaction with 
log (time), confirming that its HR varies over time and 
cannot be interpreted within a standard proportional 
hazards framework.

The univariate analysis was used to examine the 
individual effects of each regressor, while the mul-
tivariable model adjusted for potential confounders 
to provide a more comprehensive understanding of 
the relationships between the variables and the out-
comes. Influence diagnostics (dfβ) were performed 
for both univariate and multivariable models and did 
not identify any observations exerting abnormal in-
fluence on the coefficient estimates. Deviance resid-
uals did not exceed diagnostic thresholds and did 
not correspond to elevated dfβ values, indicating the 
absence of influential outliers and supporting ade-
quate overall model fit. The Kaplan–Meier method 
was used to generate survival curves, using the log-
rank test, for the composite outcome. All statistical 
tests were 2-tailed, with a P value <0.05 considered 
significant. All analyses were performed using R 
software (R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS
We initially included in the protocol 402 patients with 
AHF. To reduce treatment selection bias and to ho-
mogenize between IiV and CiV arms, 370 subjects 
were subsequently selected through propensity score 
analysis; finally, 189 patients received CiV treatment 
and 181 were treated with IiV. No significant differ-
ences in sex; common risk factors; serum sodium; 
serum potassium; NTproBNP; presence of coronary 
artery disease, atrial fibrillation, or chronic kidney 
disease; and left ventricular ejection fraction were 
revealed. Significantly different median values of cre-
atinine (P=0.017), blood urea nitrogen (P=0.010), and 
eGFR (P=0.02) in CiV group with respect to IiV were 
observed. All the baseline characteristics are shown 
in Table 1.

The analysis of variables after treatment showed 
significantly different levels of creatinine and eGFR val-
ues in the CiV group with respect to the IiV group (1.60 
[1.20–2.20] versus 1.32 [1.00–1.63] mg/dL, P<0.001; 34 
[24–47] versus 43 [29–58] mL/min per 1.73 m2; P<0.001, 
respectively) associated with significantly increased 

Table 2.  Differences in After-Treatment Variables Between CiV and IiV Groups

All patients (n=370) cIV (n=189) IiV (n=181) P value

Laboratory data after treatment

Creatinine, mg/dL 1.47 (1.10 to 1.90) 1.60 (1.20 to 2.20) 1.32 (1.00 to 1.63) <0.001*

eGFR, mL/min per 1.73 m2 38 (15 to 54) 34 (24 to 47) 43 (29 to 58) <0.001*

Serum sodium, mEq/L 138 (136 to 141) 139 (136 to 141) 138 (136 to 140) 0.312

Serum potassium, mEq/L 4.1 (3.8 to 4.4) 4.1 (3.8 to 4.4) 4.1 (3.8 to 4.4) 0.244

NTproBNP, pg/mL 4405 (2501 to 11 750) 4110 (2075 to 11 145) 4955 (3110 to 12 400) 0.052

Additional hypertonic saline solution, % 13 17 9 0.031*

Inotrope agent administration, % 21 26 16 0.027*

Predischarge sodium levels, mEq/L 138 (136 to 141) 139 (135 to 141) 138 (136 to 140) 0.312

Predischarge potassium levels, mEq/L 4.1 (3.8 to 4.4) 4.1 (3.8 to 4.4) 4.1 (3.8 to 4.5) 0.244

Electrolyte imbalance, %

Hyponatremia 26 25 24 0.997

Hypokalemia 10 13 6 0.032*

Weight loss, kg 3.0 (2.0 to 5.8) 4.0 (2.0 to 6.0) 3.0 (2.0 to 5.0) <0.001*

Mean urine output, mL 2100 (1600 to 2500) 2100 (1600 to 2650) 2000 (1650 to 2400) 0.102

NTproBNP decrease >30%, % 51 61 40 <0.001*

Intravenous diuretic daily dosage, mg/d 125 (80 to 225) 200 (125 to 250) 100 (60 to 150) <0.001*

DE, (kg/d for 40 mg furosemide −0.20 (−0.33 to −0.10) −0.16 (−0.27 to −0.10) −0.24 (−0.40 to −0.10) 0.015*

Urinary spot sodium, (mEq/L) 71 (55 to 82) 71 (50 to 82) 72 (59 to 82) 0.229

WRF, % 26 34 18 <0.001*

Persistence of congestion after 
treatment, %

30 25 35 0.048*

Length of hospital stay, d 12 (9 to 14) 13 (9 to 15) 11 (8 to 14) 0.004*

180-d adverse event occurrence, % 39 47 31 0.002*

cIV indicates continuous intravenous infusion; DE, diuretic efficiency; eGFR, estimated glomerular filtration rate; IiV, intermittent intravenous infusion; 
NTproBNP, N-terminal pro-B-type natriuretic peptide; and WRF, worsening renal function.

*XXX.
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WRF prevalence in the CiV group (34% versus 18%; 
P<0.001). Therefore, in the CiV group, there was a sig-
nificantly different rate of additional hypertonic saline 
solution administration (17% versus 9%; P=0.015), ino-
trope agent administration (26% versus 16%; P=0.02), 
and evidence of hypokalemia (13% versus 6%; P=0.03) 
compared with the IiV group. Additional results showed 
significant weight loss (4.0 [2.0–6.0] kg versus 3.0 [2.0–
5.0] kg; P<0.001), residual congestion reduction (35% 
versus 25%; P=0.048), NTproBNP decrease (61% ver-
sus 40%, P<0.001), and DE (−0.24 [−0.40 to −0.10] ver-
sus −0.16 [−0.27 to −0.10] kg/d for 40 mg of furosemide; 
P=0.015) in the CiV group with respect to IiV group. 
Despite these results, no significant differences were 
found in urinary sodium level. Whereas CiV showed 
significantly different median values with respect to IiV 
for the length of hospital stay (13 [9–15] days versus 
11 [8–14] days; P=0.004) and adverse event rate (47% 
versus 31%; P=0.002; Table 2).

Dividing patients according to furosemide dose, 
we found that patients in the HD arm (204) were sig-
nificantly treated with different proportions of inotro-
pes and saline solution (32% versus 8% and 19% 
versus 6%, respectively; P<0.001) compared with 
those in the LD arm (166). Interestingly, significantly 
different median values for diuresis and DE for the 
HD and LD arms were observed (2100 [1600–2700] 
versus 2000 [1612–2388] mL, P=0.024; and−0.13 
[−0.22 to −0.07] versus −0.32 [−0.59 to −0.20]; 
P<0.001, respectively); urinary sodium medians were 
found to be significantly different, with values higher 
in the LD arm compared with the HD arm (78 [66–86] 

versus 65 [48–78] mEq/L; P<0.001). Significant dif-
ferences were also detected in the length of hospi-
tal stay (12.0 [9.8–15.0] versus 11.0 [8.0–14.0] days; 
P=0.001), CiV treatment (73% versus 25%; P<0.001), 
and combined end point of death and hospitalization 
(55% versus 20%; P<0.001; Table 3).

Univariate Cox analyses showed that NT-proBNP 
decrease (HR: 0.37 [0.26–0.53], P<0.001), HD (HR: 
3.60 [2.44–5.31], P<0.001), residual congestion (HR: 
1.83 [1.32–2.54], P<0.001), and CiV (HR: 1.72 [1.23–
2.40], P<0.002) were all significantly associated with 
adverse outcomes (Figure 1A). However, at multivari-
able analysis, only HD (HR, 1.95 [95% CI, 1.23–3.10]; 
P=0.005) and NTproBNP decrease (HR, 0.39 [95% CI, 
0.27–0.59]; P<0.001) can be considered as statistically 
significant (Figure 1B).

The Kaplan–Meier survival analysis, stratified by 
propensity score quintiles, showed a borderline non-
significant difference in the composite outcome be-
tween the CiV and IiV groups (log-rank test, P=0.051), 
suggesting a potential trend toward worse prognosis in 
the IiV group, although the result did not reach conven-
tional statistical significance (Figure S4). Furthermore, 
Kaplan–Meier survival curves confirmed the associ-
ation between HD furosemide infusion and outcome 
(P<0.001; Figure 2).

DISCUSSION
Loop diuretics are the most common drugs used in 
the management of AHF. The primary goal of loop 

Table 3.  Differences in After-Treatment Variables Between HD and LD Groups

HD (n=204) LD (n=166) P value

Home therapy with furosemide, mg 150 (100 to 181) 75 (50 to 100) <0.001*

NTproBNP, pg/mL 7650 (4344 to 19 681) 7478 (3845 to 17 259) 0.416

Additional hypertonic saline solution, % 19 6 <0.001*

Inotrope agent administration, % 32 8 <0.001*

Electrolytes unbalance, %

Hyponatremia 27 21 0.196

Hypokalemia 12 7 0.198

Weight loss, kg 3.0 (2.0 to 6.0) 3.0 (2.0 to 5.0) 0.744

Mean urine output, mL 2100 (1600 to 2700) 2000 (1612 to 2388) 0.024*

DE, kg/d for 40 mg furosemide −0.13 (−0.22 to −0.07) −0.32 (−0.59 to −0.20) <0.001*

Urinary spot sodium, mEq/L 65 (48 to 78) 78 (66 to 86) <0.001*

WRF, % 32 19 0.009*

Persistence of congestion after treatment, % 32 27 0.378

Length of hospital stay, d 12.0 (9.8 to 15.0) 11.0 (8.0 to 14.0) 0.001*

CiV infusion, % 73 25 <0.001*

180-d adverse events occurrence, % 55 20 <0.001*

CiV indicates continuous intravenous infusion; DE, diuretic efficiency; HD, high dose; LD, low dose; NTproBNP, N-terminal pro B-type natriuretic peptide; 
and WRF, worsening renal function.

*XXX.
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diuretic therapy is to reduce fluid overload promoting 
diuresis, reduce congestion, and provide symptom 
relief.9–13 However, despite its routine use, robust 
data on the optimal infusion period, the modality 
of administration, and the long-term effects of this 
treatment, particularly during the acute phase, are 
lacking. Notably, most of the interventional trials 
evaluating diuretic treatment were focused on 
targeting euvolemia and symptom relief without 
significant effects on the disease’s natural course. 
Moreover, HD and chronic use of loop diuretics may 
cause renal dysfunction, electrolyte imbalance, and 
progressive diuretic resistance. Thus, the choice 
between CiV and IiV loop diuretic treatment could 
significantly affect therapeutic outcomes.8,14,15 Our 
propensity score analysis of DIUR-AHF data revealed 
that CiV administration leads to significative renal 
function deterioration, despite an increased daily 
diuresis, DE, weight loss, and significant NTproBNP 
decrease. Conversely, CiV was associated with 
prolonged hospital stays and an increased rate of 
adverse events. However, this ominous trend was 
not confirmed in the propensity-adjusted analysis 
matched for baseline characteristics; a possible 
explanation is that patients in the CiV arm had a 
more impaired congestion status and worse baseline 
renal function. This current assumption seems to be 
confirmed by the evidence that patients receiving CiV 
treatment showed longer timing of infusion duration 
and were discharged with a major dose of loop 
diuretics. Interestingly, the global congestion burden 
was improved, and it was associated with a more 
substantial weight loss and a decrease in NT-proBNP 
levels together with a higher rate of daily diuresis. 

However, an increased rate of WRF was observed. The 
complex relationship existing between congestion 
and renal function during decongestive treatment 
has been largely investigated in the literature without 
definitive results. Currently, the most accepted 
opinion is that if a slight WRF occurs together with 
effective decongestion, it is not harmful. However, this 
hypothesis needs to be confirmed according to the 
presence of baseline renal dysfunction, the treatment 
used, and the specific dose administered before the 
infusion period. To date, CiV is probably the best 
strategy to maintain a stable plasma concentration 
of the medication, which can lead to more stable 
therapeutic effects, minimizing the fluctuation related 
to the IiV infusion. Moreover, CiV may be preferred 
for preventing diuretic resistance, while bolus 
doses can be effective for rapid relief of symptoms, 
leading to a more rapid response without achieving 
an optimal drug plasma level.4,27 Nevertheless, our 
data contradict earlier research indicating that CiV 
was linked to improved diuresis and decreased renal 
impairment.28,29

Several authors have suggested a changing para-
digm from a diuretic-centered strategy to correction of 
pathophysiological mechanisms sustaining congestion 
and disease progression.27 According to the recent 
studies, the best way to prevent diuretic resistance and 
to obtain optimal decongestion and diuresis is most 
likely to be reached by continuous administration.28,30 
However, a distinction should be made between the 
decongestion relief and long-term outcome related to 
the drug infusion strategy. Moreover, in the most robust 
trials from the literature, patients are often discharged 
with residual congestion signs. Finally, congestion as-
sessment is generally judged by a simple clinical evalu-
ation without an accurate diagnostic analysis based on 
ultrasound and hemodynamic evaluation.

The effects of various loop diuretic administration 
and strategies were recently studied. Unfortunately, 
most of the studies differed in terms of methodology, 
patients’ characteristics, heart failure phenotype, and 
primary/secondary end points. Furthermore, most of 
the results derived from the retrospective and the in-
terventional research and new biomarkers to predict 
DE and dose were proposed (ie, measurement of urine 
salts, together with urinary and blood creatinine val-
ues and the assessment of hydration status).8,18,27,28,31 
Different studies tried to investigate this topic with con-
trasting or neutral results. The larger trials on this topic 
did not demonstrate differences between CiV and IiV 
loop diuretic administration.13,32–34 Several studies, in-
cluding our previous data, revealed that CiV admin-
istration allowed a better decongestion through an 
efficacy diuresis and natriuresis.29,35,36 However, for 
both modalities of infusion, there were no significant 
differences in terms of outcome.

Figure 2.  Kaplan–Meier survival plots according to 
furosemide dose: HD vs LD.
HD indicates high dose; and LD, low dose.
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The comparison between the HD and LD arms re-
vealed that subjects in the HD arm were receiving a 
more increased oral loop diuretic dose before the in-
fusion and were more often treated with the continu-
ous modality. Despite a similar congestion profile after 
treatment, HD showed higher rate of daily diuresis but 
lower urinary Na+ levels and DE. Conversely, the LD 
arm showed a shorter intravenous infusion period and 
a lower WRF prevalence without a significant hypo-
kalaemia rate between the 2 groups, although saline 
solution was administered during the infusion period 
to avoid electrolyte imbalance. This is in line with the 
recent evidence that demonstrated that a treatment-
induced increase in serum potassium levels was re-
lated to a significant adverse and arrhythmic events 
reduction.37 Additionally, in the LD group, there was a 
lower rate of postdischarge adverse events, which was 
confirmed by the propensity score adjustment. The 
combination between reduced DE and lower urinary 
Na+ observed in the HD arm implies that this strategy 
is adopted when the standard dose was ineffective, 
probably due to the diuretic resistance occurrence 
as a consequence of more interstitial fluid accumula-
tion.26,38,39 The differences found between CiV and IiV 
as well as between HD and LD should be contextual-
ized in a more complex scenario involving the degree 
of diuretic response (based on urine output or DE mea-
sured by weight loss), the presence of chronic kidney 
disease, tubular sodium avidity, appropriate diuretic 
administration, and a universal definition of diuretic re-
sistance.16,28 Other relevant caveats appear related to 
the inability to account kidney perfusion and conges-
tion status, abdominal hypertension, dietary sodium 
intake, loop diuretic delivery and filtration, and organic 
anion status. All these issues preclude the application 
of a preventive strategy to avoid diuretic resistance in 
clinical practice.27,30

Data from the literature about the high versus low 
loop diuretics dose have been not extensively investi-
gated and with no standard procedures. In the PUSH-
AHF (Pragmatic Urinary Sodium–Based Treatment 
Algorithm in Acute Heart Failure) trial, the increase of 
diuretic dose was decided on the basis of the urinary 
sodium levels using a dynamic protocol.33 Additionally, 
a large cohort analysis from United States records 
on patients with AHF confirmed that an intravenous 
loop diuretic escalation dose was associated with an 
increased risk of death and hospitalization. However, 
the study did not report the exact loop diuretic dose 
related to poor outcome.40 Recently, a study protocol 
was proposed with a dynamic approach to diuretic 
strategies considering urinary sodium levels as the 
index of diuretic response.41 Accordingly, our data ex-
tend previous research on the detrimental relationship 
between HD oral diuretics and outcome in chronic 

heart failure, and they could offer a new perspective 
on various loop diuretic infusion modalities across a 
stepwise protocol taking into the account the DE.42,43

Our data demonstrated that despite similar con-
gestion results at discharge, HD portends a prolonged 
hospital stay, greater prevalence of renal dysfunction, 
and increased risk in the postdischarge period.

This is related to a more advanced heart failure se-
verity with higher rate of tubular diuretic resistance; in 
patients needing HD, both preadmission and postdis-
charge HD was found. This condition probably was 
due to the need for an early nephron blockade strategy 
to avoid diuretic resistance and unresponsiveness.26,44 
Overall, our data deserve 2 main observations: (1) the 
relevance usually attributed to the congestion and 
natriuretic peptides changes observed during hospi-
talization should be contextualized inside the diuretic 
therapy infusion modality and dose; and (2) the decon-
gestion achieved by CiV and HD administrations is not 
associated with prognostic positive effects; therefore, 
it should be evaluated in the context of a dynamic pro-
tocol taking into account diuretic response and loop 
diuretic dose adjustment. This issue has been high-
lighted recently in an expert consensus document ad-
vising the urinary sodium and urine volume evaluation 
soon after initial loop diuretic administration to reach 
the target dose.45

STUDY LIMITATIONS
There are some limitations that must be discussed. 
First, the open-label nature of the protocol design with 
the lack of randomization, mostly related to the dynamic 
structure of the stepwise diuretic infusion protocol, 
lead to the possibility that physicians’ decision may 
affect the interpretation of final results; however, the 
starting dose was fixed for all groups (ie, 80 mg/d), 
and the stepwise protocol was based on DE and 
daily urine output. However, the propensity-matched 
analysis allows, at least in part, the overcoming of this 
limitation. Second, it is necessary to acknowledge 
that some potential confounders not included in the 
propensity analysis, such as the use of other drugs, 
the underestimation of extracardiac comorbidity, and 
the absence of detailed kidney disease pathogenesis, 
may have influenced the results. Specifically, the 
concomitant use of mineral receptor antagonists 
or sodium–glucose transporter-2 inhibitors during 
the infusion period may have influenced the 
results on potassium level and decongestion, 
respectively. However, the number of patients taking 
a mineralocorticoid receptor antagonist was similar 
across the groups, and the number of subjects taking 
sodium–glucose cotransporter-2 inhibitors was low, 
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since the study started before their use in clinical 
practice. Indeed, these findings should be confirmed 
with the more recent guideline directed medical 
treatment including both mineralocorticoid receptor 
antagonists and sodium–glucose cotransporter-2 
inhibitors. Third, the congestion assessment modality 
was restricted to clinical evaluation primarily identifying 
extravascular and systemic congestion. A better 
ultrasound and multimodality congestion assessment 
may be much more accurate for congestion status 
detection.46 Fourth, the study lacks in the analysis of 
transient versus permanent WRF, which could explain 
the differences in terms of renal status following 
loop diuretic infusion. Finally, current findings may 
differ depending on the HF onset because our study 
included both patients with de novo AHF and patients 
with acute decompensated heart failure, which 
showed different background therapy.

CONCLUSIONS
In patients admitted for AHF and signs of conges-
tion, IiV loop diuretic infusion was associated with a 
lower rate of WRF, a lower need for additional treat-
ment, and a lower diuretic dose at discharge. Despite 
apparently better decongestion, HD was linked to a 
prolonged hospital stay, less diuretic response, and 
an increased risk of death and rehospitalization dur-
ing 180-day follow-up. Additional research may be 
warranted to optimize the best intravenous diuretic 
modality administration according to congestion sta-
tus, diuretic response, urinary sodium, and baseline  
renal function.
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