
Circulation: Heart Failure

2

Circulation: Heart Failure is available at www.ahajournals.org/journal/circheartfailure

Circ Heart Fail. 2024;17:e011105. DOI: 10.1161/CIRCHEARTFAILURE.123.011105� January 2024

 

Correspondence to: Jeroen Dauw, MD, MMed, and Wilfried Mullens, MD, PhD, Department of Cardiology, Ziekenhuis Oost-Limburg, Schiepse Bos 6, 3600 Genk, 
Belgium. Email jeroen.dauw@zol.be and wilfried.mullens@zol.be
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/CIRCHEARTFAILURE.123.011105.
For Sources of Funding and Disclosures, see page 10.
© 2024 American Heart Association, Inc.

ORIGINAL ARTICLE
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BACKGROUND: The use of urinary sodium to guide diuretics in acute heart failure is recommended by experts and the most 
recent European Society of Cardiology guidelines. However, there are limited data to support this recommendation. The 
ENACT-HF study (Efficacy of a Standardized Diuretic Protocol in Acute Heart Failure) investigated the feasibility and efficacy 
of a standardized natriuresis-guided diuretic protocol in patients with acute heart failure and signs of volume overload.

METHODS: ENACT-HF was an international, multicenter, open-label, pragmatic, 2-phase study, comparing the current standard 
of care of each center with a standardized diuretic protocol, including urinary sodium to guide therapy. The primary end point 
was natriuresis after 1 day. Secondary end points included cumulative natriuresis and diuresis after 2 days of treatment, 
length of stay, and in-hospital mortality. All end points were adjusted for baseline differences between both treatment arms.

RESULTS: Four hundred one patients from 29 centers in 18 countries worldwide were included in the study. The natriuresis 
after 1 day was significantly higher in the protocol arm compared with the standard of care arm (282 versus 174 mmol; 
adjusted mean ratio, 1.64; P<0.001). After 2 days, the natriuresis remained higher in the protocol arm (538 versus 365 mmol; 
adjusted mean ratio, 1.52; P<0.001), with a significantly higher diuresis (5776 versus 4381 mL; adjusted mean ratio, 1.33; 
P<0.001). The protocol arm had a shorter length of stay (5.8 versus 7.0 days; adjusted mean ratio, 0.87; P=0.036). In-hospital 
mortality was low and did not significantly differ between the 2 arms (1.4% versus 2.0%; P=0.852).

CONCLUSIONS: A standardized natriuresis-guided diuretic protocol to guide decongestion in acute heart failure was feasible, 
safe, and resulted in higher natriuresis and diuresis, as well as a shorter length of stay.
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See Editorial by Felker

Congestion is a hallmark sign of acute heart fail-
ure (AHF) and is a leading cause for hospitaliza-
tion in heart failure patients.1 According to both the  

European Society of Cardiology and American Heart Asso-
ciation/American College of Cardiology/Heart Failure 
Society of America guidelines, diuretics are recommended 
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as a class I treatment to alleviate signs and symptoms of 
congestion, regardless of ejection fraction.2,3 However, 
despite their ubiquitous use and guideline recommenda-
tion, data supporting diuretic strategies, including the type, 
dosage, and route of administration, are limited. Conse-
quently, the Heart Failure Association of the European 
Society of Cardiology recently published a position article 
on the use of diuretics in AHF with volume overload.4 This 

article recommends the prompt initiation of intravenous 
loop diuretics and early follow-up (within hours) of diuretic 
response, using either urine output or urinary sodium in a 
spot urine sample. The advantage of using urinary sodium 
is its convenience, as it does not require a 24-hour urine 
collection and allows for the rapid interpretation of the 
diuretic response. Furthermore, multiple studies have 
demonstrated that a low urinary sodium early after the 
first loop diuretics administration is associated with poor 
diuretic response and poor outcomes, irrespective of fluid 
loss.5,6 The suggested flowchart, including the use of uri-
nary sodium as a marker of diuretic response, has been 
adopted in the European Society of Cardiology guidelines 
on chronic and AHF.2 In addition, a panel of American 
experts recently suggested a very similar protocol.7 How-
ever, there are currently limited prospective data to sup-
port its use. Therefore, a multicenter, international study 
was conducted to assess the feasibility of a standardized 
diuretic protocol and its effect on diuretic response in vari-
ous health care settings worldwide.

METHODS
The ENACT-HF study (Efficacy of a Standardized Diuretic 
Protocol in Acute Heart Failure) study was a nonrandomized, 
open-label, multicenter, pragmatic study conducted in 29 cen-
ters in 18 countries worldwide (Table S1; Figure S1). Its rationale 
and design have been published previously.8 The study enrolled 
patients with AHF with (1) signs of volume overload, defined as 
either edema, ascites, and pleural effusion, (2) an NT-proBNP 
(N-terminal pro-B-type natriuretic peptide) >1000 pg/mL or a 
B-type natriuretic peptide level of >250 ng/mL, and (3) on a 
daily loop diuretic maintenance dose of at least 40 mg furose-
mide or equivalent (40 mg furosemide equals 1 mg bumetanide 
equals 20 mg torsemide) for at least 1 month. Patients were 
excluded if they had cardiogenic shock or systolic blood pressure 
<90 mm Hg, use of renal replacement therapy or ultrafiltration or 
use or anticipated use of intravenous inotropes. The study was 
designed as a 2-phase sequential study. During the first phase 
of the study, patients with AHF were treated according to the 
local institution’s standard of care with the loop diuretic regimen 
left at the treating physician’s discretion. In the second phase of 
the study, all centers implemented a standardized diuretic proto-
col. Centers transitioned to phase 2 when they had included 10 
patients in phase 2 or alternatively when the aimed total number 
of patients in phase 1 was completely recruited. For practical 
reasons, recruitment was limited to working hours (8 am–4 pm) 
to ensure good study conduct in all centers and to guarantee 
that the first urine collection would be at least 16 hours in dura-
tion. The study complied with the Declaration of Helsinki and was 
approved by the local ethics committees of the participating cen-
ters. The data that support the findings of this study are available 
from the corresponding author on reasonable request.

Study Procedures
In the standard of care phase of the study, all doses, modes of 
administration (continuous infusion or bolus), and frequencies 
of loop diuretics were allowed at the discretion of the treating 

WHAT IS NEW?
•	 Current European Society of Cardiology guidelines 

recommend the use of urinary sodium to guide 
decongestion in acute heart failure, but there are 
limited data to support this strategy.

•	 The ENACT-HF study (Efficacy of a Standardized 
Diuretic Protocol in Acute Heart Failure) was a 
prospective, nonrandomized, open-label, 2-phase 
study in 29 centers across 18 countries comparing 
each center’s standard of care with a standardized 
natriuresis-guided diuretic protocol.

•	 The protocol was associated with a 64% higher natri-
uresis within the first day of treatment and a sustained 
higher diuresis and natriuresis during the first 2 days. 
Length of stay was 1 day shorter in the protocol arm.

WHAT ARE THE CLINICAL IMPLICATIONS?
•	 The ENACT-HF study results support the use of uri-

nary sodium to guide decongestion in acute heart 
failure.

•	 The implementation of a standardized natriuresis-
guided protocol seems feasible and safe in a wide 
variety of health care settings.

•	 Several other trials on natriuresis-guided decon-
gestion are ongoing and will provide data on longer 
term follow-up.

Nonstandard Abbreviations and Acronyms

ACEI	 �angiotensin converting enzyme inhibitor
ADVOR	 �Acetazolamide in Decompensated 

Heart Failure with Volume Overload
AHF	 acute heart failure
ARB	 angiotensin receptor blocker
ARNI	 �angiotensin receptor neprilysin inhibitor
DOSE-AHF	 �Determining Optimal Dose and Dura-

tion of Diuretic Treatment in People 
With Acute Heart Failure

ENACT-HF	 �Efficacy of a Standardized Diuretic 
Protocol in Acute Heart Failure

MRA	 �mineralocorticoid receptor antagonists
NT-proBNP	 �N-terminal pro-B-type natriuretic 

peptide
SGLT2i	 �sodium-glucose cotransporter-2 

inhibitors
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physician. In addition, any combination of different types of diuret-
ics could be used. In contrast, in the diuretic protocol phase of the 
study, diuretics were administered according to a predefined pro-
tocol based on the recent Heart Failure Association position arti-
cle.4 The backbone of the protocol were loop diuretic boluses that 
were administered intravenously twice daily (Figure S2). The first 
loop diuretic bolus was given at double the oral maintenance dose 
with an absolute maximum of 200 mg of furosemide equivalent 
dose. After 2 hours a spot urine sample was collected to measure 
urinary sodium. Diuretic response to the first loop diuretic bolus 
was assessed using urinary sodium (goal >50 mmol/L) and urine 
output (goal >100 mL/h). A second diuretic bolus was adminis-
tered 6 to 12 hours after the first bolus. If both urinary sodium and 
urine output were above the predefined goal, the second bolus 
was administered at the same dose as the first dose. If either 
urinary sodium or urine output were below the predefined goal, 
escalation of the loop diuretic regimen was indicated. This escala-
tion consisted of doubling of the loop diuretic dose to a maximum 
of 200 mg of furosemide equivalent dose or adding a thiazide if 
the maximum loop diuretic dose had already been reached. After 
1 day of treatment, diuretic response was reevaluated by urine 
output. If the urine output was ≥3000 mL, the last diuretic admin-
istration was repeated twice daily. Otherwise, the diuretic regimen 
was escalated again and repeated twice daily.

In all patients, urine was collected for 2 consecutive days 
in 2 separate collections. Before any diuretic administration 
was given, the patient was asked to void empty. The first urine 
collection started when the first intravenous diuretic was given 
and continued until the next morning (8–10 am) before the 
administration of new diuretics on the second day of the study. 
The second urine collection was started immediately after the 
first one and was continued for 24 hours. Both collections were 
sent to the local institution’s lab to assess natriuresis. In addi-
tion, a spot urine sample was taken in all patients 2 hours after 
the first diuretic administration on the first day of the study to 
assess urinary sodium concentration.

End Points
The primary end point of the study was natriuresis after 1 day, 
defined as the total urinary sodium excretion from the moment 
the first diuretic was administered until the next morning 
(8–10 am). Secondary end points were diuresis after 2 days, 
natriuresis after 2 days, weight loss after 2 days, change in 
Acetazolamide in Decompensated Heart Failure with Volume 
Overload (ADVOR) congestion score after 2 days, length of 
stay and in-hospital mortality. All investigators received training 
in the use of the ADVOR congestion score (Figure S3) before 
recruiting patients, which was a scoring system based on the 
presence of lower limb edema, pleural effusion and ascites 
(range 0–10 with higher numbers indicating more severe con-
gestion).9 The key safety end point was doubling of the serum 
creatinine compared with baseline at any time point during the 
study. Further, >50% decrease in estimated glomerular filtration 
rate, hypokalemia (serum potassium level of no >3 mmol/L) or 
hypotension (systolic blood pressure <90 mm Hg) at any time 
point were assessed as additional safety end points.

Statistical Analysis
Details on the power calculations have been published previ-
ously.8 Based on a recent pilot trial in AHF,10 the natriuresis after 

1 day was estimated to be 234±133 mmol in the standard of 
care arm. An increase in natriuresis of 15% was deemed both 
achievable and clinically relevant. Assuming a 2-sided alpha of 
0.05 and a statistical power of 80%, a sample size of 454 was 
calculated. To account for a potential withdrawal of or miss-
ing data in 10% of the patients, the final target sample was 
set at 500 patients. Due to funding constraints, recruitment 
was planned to conclude no later than December 2022. All 
patients with an available primary end point were included in 
the analysis of the primary and secondary end points accord-
ing to their assigned treatment arms, irrespective of the correct 
performance of the diuretic protocol. Thirteen (3.2%) patients 
were excluded. No imputation of the primary end point was per-
formed because of <5% of missing data. For the safety end 
points, all patients were analyzed according to the received 
intervention.

Baseline continuous variables are expressed as mean±SD 
if normally distributed or median (25th–75th percentile) oth-
erwise and compared using a Student t test or Mann-Whitney 
U test as appropriate. Baseline categorical variables are 
expressed as number (%) and compared with a χ2 test. All 
efficacy end points were investigated with a generalized linear 
mixed model with a random center effect and a fixed treatment 
arm effect. Differences in baseline characteristics between 
treatment arms with a P<0.100 were introduced as additional 
fixed effects. For the secondary end point of change in con-
gestion score after 2 days, baseline congestion score was also 
introduced as a fixed effect. A logarithmic transformation was 
performed for the primary end point and for the secondary 
end points of natriuresis after 2 days, diuresis after 2 days 
and length of stay, because of skewed data and results are 
expressed as geometric mean (95% CI) with mean ratio (95% 
CI). Safety end points were compared using a Fisher exact 
test. The heterogeneity of the primary end point was tested in 
prespecified subgroups: (1) congestion score on admission ≥ 
versus < than the observed median, (2) estimated glomerular 
filtration rate ≥ versus < than the observed median, (3) chronic 
loop diuretic dose ≥ versus < than the observed median, (4) 
sex, and (5) left ventricular ejection fraction ≥50% versus 
<50%. Because potential variation in the duration of the urine 
collection could influence the primary end point, a sensitivity 
analysis after normalization of the primary end point for the 
duration of the urine collection was performed. All tests were 
2-sided with a significance level set at P<0.05. All statistical 
analyses were performed with the use of SPSS for Windows, 
version 25 (IBM).

RESULTS
Between October 2019 and December 2022, 401 
patients were enrolled of whom 254 in the standard of 
care arm and 147 in the protocol arm. Baseline charac-
teristics are shown in Table 1 and were well balanced 
between both treatment arms. Patients were reflective 
of real life with mean age 70±14 years, median NT-
proBNP 5888 (3200–11934) pg/mL, median esti-
mated glomerular filtration rate of 49 (32–74) mL/min 
per 1.73 m², 55% of patients with a left ventricular ejec-
tion fraction <40% and a high comorbidity burden. Over 
all, baseline use of beta blockers was high, but there was 
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Table 1.  Baseline Characteristics

 All (N=401) Standard of care (N=254) Protocol (N=147) P value 

Age, y 70±14 70±13 69±14 0.618

Sex (female) 151 (37.7%) 96 (37.8%) 55 (37.4%) 0.940

Ischemic cause 154 (38.4%) 89 (35.0%) 65 (44.2%) 0.069

Comorbidities

 � Arterial hypertension 297 (74.1%) 192 (75.6%) 105 (71.4%) 0.359

 � Atrial fibrillation 230 (57.4%) 145 (57.1%) 85 (57.8%) 0.886

 � Diabetes 187 (46.6%) 110 (43.3%) 77 (52.4%) 0.079

 � Dyslipidemia 256 (63.8%) 157 (61.8%) 99 (67.3%) 0.266

 � Stroke 32 (8.0%) 21 (8.3%) 11 (7.5%) 0.780

 � Peripheral artery disease 44 (11.0%) 30 (11.8%) 14 (9.5%) 0.480

 � COPD 67 (16.7%) 44 (17.3%) 23 (15.6%) 0.665

 � Chronic kidney disease 201 (50.1%) 127 (50.0%) 74 (50.3%) 0.948

Weight, kg 82.7±21.5 83.2±22.8 81.6±19.1 0.468

Body mass index, kg/m² 29.5±6.6 29.7±7.1 29.2±5.5 0.400

Heart rate, bpm 83±20 83±20 82±22 0.834

Systolic blood pressure, mm Hg 126±22 127±23 124±21 0.283

Diastolic blood pressure, mm Hg 74±14 74±14 73±13 0.424

Congestion score 5 (3–6) 5 (4–7) 5 (3–6) 0.866

NT-proBNP, pg/mL 5888 (3200–11934) 5750 (3010–12685) 6137 (3266–11394) 0.761

LVEF mean (%) 39±15 40±16 37±14 0.107

LVEF categories 0.480

  �≤40% 223 (55.6%) 139 (54.7%) 84 (57.1%)  

 � 41%–49% 61 (15.2%) 36 (14.2%) 25 (17.0%)  

  �≥50% 117 (29.2%) 79 (31.1%) 38 (25.9%)  

Hemoglobin, g/dL 12±2.3 12.2±2.3 12.2±2.5 0.965

Sodium, mmol/L 138±5 138±5 138±6 0.635

Potassium, mmol/L 4.3±0.6 4.2±0.6 4.3±0.7 0.732

Urea, mg/dL 56 (37–89) 55 (36–89) 58 (39–89) 0.426

Creatinine, mg/dL 1.3 (1.0–1.8) 1.3 (1.0–1.8) 1.3 (1.0–1.8) 0.836

eGFR, mL/min per 1.73 m² 49 (32–74) 50 (32–74) 48 (32–71) 0.993

Troponin, ng/L 40 (20–70) 40 (21–70) 40 (19–70) 0.122

Treatment

 � Loop diuretic 401 (100%) 254 (100%) 147 (100%)  

 � Furosemide equivalent dose, mg 60 (40–90) 60 (40–80) 60 (40–100) 0.220

 � Thiazide 42 (10.5%) 24 (9.4%) 18 (12.2%) 0.378

 � Beta blocker 317 (79.1%) 195 (76.8%) 122 (83.0%) 0.140

 � ACEI/ARB/ARNI 270 (67.3%) 170 (66.9%) 100 (68.0%) 0.821

 � MRA 207 (51.6%) 120 (47.2%) 87 (59.2%) 0.021

 � SGLT2 inhibitor 68 (17.0%) 31 (12.2%) 37 (25.2%) 0.001

 � Ivabradine 19 (4.7%) 10 (3.9%) 9 (6.1%) 0.321

 � Digoxin 52 (13.0%) 34 (13.4%) 18 (12.2%) 0.743

 � CRT 34 (8.5%) 21 (8.3%) 13 (8.8%) 0.842

 � ICD 55 (13.7%) 33 (13.0%) 22 (15.0%) 0.580

ACEI indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; 
COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; ICD, im-
plantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal 
pro-B-type natriuretic peptide; and SGLT2, sodium-glucose cotransporter 2.
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a moderate use of ACEI (angiotensin converting enzyme 
inhibitor)/ARB (angiotensin receptor blockers)/ARNI 
(angiotensin receptor neprilysin inhibitor), and MRA 
(mineralocorticoid receptor antagonists). Few patients 
were receiving SGLT2i (sodium-glucose cotransporter-2 
inhibitors).There was a higher use of MRA and SGLT2i 
in the protocol arm.

Primary End Point
The primary end point was missing in 9 (3.5%) patients 
in the standard of care arm and 4 (2.7%) patients in the 
protocol arm. The geometric mean of natriuresis after 
1 day was 174 mmol (95% CI, 154–196) in the stan-
dard of care arm and 282 mmol (95% CI, 254–312) in 
the protocol arm (adjusted mean ratio, 1.64 [95% CI, 
1.37–1.95]; P<0.001; Figure 1A; Table 2). Of note, the 
mean ratio was adjusted for baseline differences in dia-
betes, ischemic cause of heart failure, SGLT2i use, and 
MRA use. Unadjusted analyses rendered similar results 
and are provided in Table S2. The natriuresis was higher 
in the protocol arm compared with the standard of care 
arm across all prespecified subgroups (Figure 2; Table 
S3). Further, the difference was significantly higher in 
patients with lower estimated glomerular filtration rate 
and in patients with higher oral maintenance loop diuret-
ics doses. The results were consistent when natriuresis 
was normalized for the duration of the urine collection in 
a sensitivity analysis (Table S4). Additionally, the higher 
natriuresis in the protocol arm was not modified by base-
line use of MRA (P for interaction=0.774) or SGLT2i (P 
for interaction=0.417).

Secondary End Points
After 2 days of treatment, natriuresis was a geometric 
mean of 365 mmol (95% CI, 330–403) in the standard 
of care arm and 538 mmol (95% CI, 493–587) in the 
protocol arm (adjusted mean ratio, 1.52 [95% CI, 1.31–
1.76]; P<0.001; Figure 1B; Table 2). The diuresis was a 
geometric mean of 4381 mL (95% CI, 4113–4667) in 
the standard of care arm and 5776 mL (95% CI, 5412–
6162) in the protocol arm (adjusted mean ratio, 1.33 
[95% CI, 1.21– 1.47]; P<0.001; Figure 1C; Table 2). 
There was no difference in weight loss or change in con-
gestion score (Figure 3; Table 2). The length of stay was 
a geometric mean of 7.0 days (95% CI, 6.4–7.7) in the 
standard of care arm and 5.8 days (95% CI, 5.2–6.6) 
in the protocol arm (adjusted mean ratio, 0.87 [95% CI, 
0.77–0.99]; Figure 4; Table 2). In-hospital mortality was 
low without a difference between both treatment arms 
(Table 2).

Safety End Points
All prespecified safety end points (hypokalemia, hypo-
tension, worsening renal function) were comparable 
between both treatment arms (Table 3). In particular, dou-
bling of serum creatinine occurred in 8 (3.1%) patients 
in the standard of care arm and 4 (2.7%) patients in the 
protocol arm (P=1.000).

Use of Diuretics
Details on the use of diuretics in both treatment 
arms are given in Table 4. The first loop diuretic dose 

Figure 1. Natriuresis and diuresis.
A, Natriuresis after 1 day. B, Cumulative natriuresis after 2 days. C, Cumulative diuresis after 2 days. The error bars indicate the 95% CIs of the 
geometric mean. Mean ratios were adjusted for baseline differences. P values for cumulative natriuresis and cumulative diuresis indicate the 
significance of difference on day 2.
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administered was median 60 (40–80) mg of furo-
semide equivalent dose in the standard of care arm 
and 120 (80–160) mg in the protocol arm (P<0.001). 
The total cumulative loop diuretic dose across the 2 
days was median 240 (195–391) mg of furosemide 
equivalent dose in the standard of care arm and 640 
(320–760) mg in the protocol arm (P<0.001). Thia-
zides were used in in 14 (5.7%) patients in the stan-
dard of care arm and 27 (18.9%) patients in the 

protocol arm (P<0.001). The spot sodium sample 
was taken a median 2 (2–3) hours after the first loop 
diuretic administration. The number of patients with 
a urinary sodium concentration <50 mmol/L after 2 
hours was 29 (11.8%) in the standard of care arm and 
18 (12.6%) in the protocol arm (P=0.827), while the 
number of patients with a urine output <100 mL/h 
was 118 (48.2%) in the standard of care arm and 28 
(19.6%) in the protocol arm (P<0.001). After 1 day of 

Table 2.  Primary and Secondary End Points

 Standard of care (N=245) Protocol (N=143) Adjusted difference (95% CI) P value 

Primary end point

 � Natriuresis after 1 day, mmol* 174 (154 to 196) 282 (254 to 312) Mean ratio, 1.64 (1.37 to 1.95) < 0.001

Secondary end points

 � Natriuresis after 2 days, mmol* 365 (330 to 403) 538 (493 to 587) Mean ratio, 1.52 (1.31 to 1.76) < 0.001

 � Diuresis after 2 days, mL* 4381 (4113 to 4667) 5776 (5412 to 6162) Mean ratio, 1.33 (1.21 to 1.47) < 0.001

 � Weight loss after 2 days, kg −3.4±2.7 −3.6±2.5 −0.2 (−0.8 to 0.3) 0.409

 � Change in congestion score after 2 days −2.3±1.6 −2.5±1.7 −0.2 (−0.6 to 0.1) 0.180

 � Length of stay, d* 7.0 (6.4 to 7.7) 5.8 (5.2 to 6.6) Mean ratio, 0.87 (0.77 to 0.99) 0.036

 � In-hospital mortality 5 (2.0%) 2 (1.4%) Odds ratio, 0.90 (0.30 to 2.71) 0.847

All differences and P values were adjusted for baseline differences and calculated with a generalized linear mixed model with center as a random 
effect and treatment arm, baseline diabetes, ischemic cause of heart failure, baseline use of mineralocorticoid receptor antagonists, and baseline use of 
sodium-glucose cotransporter-2 inhibitor as fixed effects. For change in congestion score, the baseline congestion score was added as a fixed effect.

*Numbers represent geometric mean (95% CI).

Figure 2. Subgroup analyses for the primary end point.
Mean ratios were adjusted for baseline differences. GFR indicates glomerular filtration rate; and LVEF, left ventricular ejection fraction.

D
ow

nloaded from
 http://ahajournals.org by on February 14, 2024



8Circ Heart Fail. 2024;17:e011105. DOI: 10.1161/CIRCHEARTFAILURE.123.011105� January 2024

Dauw et al Natriuresis-Guided Decongestion

treatment, urine output was <3000 mL in 177 (72.2%) 
patients in the standard of care arm and 52 (36.4%) 
in the protocol arm. In the protocol arm, diuretic doses 
were changed in 50 (34.9%) patients with a total of 69 
dose changes.

DISCUSSION
In this multicenter, international, pragmatic, open-label 
study of patients with AHF and volume overload, a 
standardized natriuresis-guided diuretic protocol, using 
spot urinary sodium and urine output to assess diuretic 
response early, was associated with an increased natri-
uresis compared with standard of care after 1 day. In 
addition, patients treated according to the protocol had 
higher natriuresis and diuresis after 2 days and a shorter 
length of stay without an increase in safety events.

The diuretic protocol of this study was based on the 
recent Heart Failure Association position article and cur-
rent European guidelines2,4 and was for the first time 

shown not only to be feasible, but also to effectively 
increase natriuresis in different health care settings. 
Indeed, the ENACT-HF study recruited patients from 
4 different continents and demonstrated a highly sig-
nificant increase in natriuresis and diuresis after imple-
mentation of the diuretic protocol. Natriuresis is a very 
relevant end point because it is one of the most direct 
measurements of diuretic response,11 and poor natriure-
sis has been associated with worse outcomes.6

Importantly, the protocol was advantageous across all 
subgroups, but there was even a greater benefit in patients 
with lower estimated glomerular filtration rate and patients 
on higher oral maintenance loop diuretic doses. As these 
2 latter groups represent patients who inherently exhibit 
higher diuretic resistance,7 a tailored diuretic protocol may 
aid even more in improving diuretic response.

The diuretic protocol led to the use of higher doses 
of loop diuretics and more frequent combinational ther-
apy with thiazides. Of note, the first loop diuretic dose 
was similar to the oral maintenance dose when left at 
the treating physician’s discretion in the standard of 
care arm, while the protocol mandated to start with the 
double of the oral maintenance dose. In the DOSE-AHF 

Table 3.  Safety End Points

 
Standard of care 
(N=254) 

Protocol 
(N=147) 

P 
value 

Renal

 � Doubling creatinine 
from baseline

8 (3.1%) 4 (2.7%) 1.000

 � eGFR decrease 
≥50%

10 (3.9%) 5 (3.4%) 1.000

Hypokalemia 30 (11.8%) 18 (12.2%) 0.875

Hypotension 12 (4.7%) 7 (4.8%) 1.000

Hypokalemia was defined as a serum potassium ≤3 mmol/L at any time dur-
ing study treatment. Hypotension was defined as systolic blood pressure <90 
mm Hg at any time during study treatment. eGFR indicates estimated glomerular 
filtration rate.

Figure 4. Length of stay.
Mean ratios were adjusted for baseline differences.

Figure 3. Weight loss and change in congestion score.
A, Weight loss. B, Change in congestion score. P values indicate the significance of difference on day 2. The error bars indicate SEs.
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trial (Determining Optimal Dose and Duration of Diuretic 
Treatment in People With Acute Heart Failure) trial, 2.5× 
the oral maintenance dose twice daily was not associ-
ated with an improvement in patients’ global assessment 
of symptoms in comparison with 1× the oral mainte-
nance dose, but increased net fluid loss and weight loss 
after 72 hours. The current European Society of Cardiol-
ogy guidelines leave it open whether the starting loop 
diuretic dose should be equal to or the double of the oral 
maintenance dose,2 but the results of the current study, 
as well as the ADVOR trial9 and the DOSE-AHF trial12 
suggest that starting with double of the oral maintenance 
dose may be preferable. Despite the use of higher loop 
diuretic doses in the protocol arm, this was not associ-
ated with an increase in safety events. Furthermore, in-
hospital mortality was low and not significantly different 
between the protocol arm and the standard of care arm.

Although the diuretic protocol was associated with an 
increased natriuresis and diuresis, there was no increase 
in the secondary end-points of weight loss or a higher 
decrease in the congestion score after 2 days. While 
weight loss has been associated with improved out-
comes,13,14 it might be subject to greater measurements 
errors in the pragmatic design of this study,15 which was 
also a reason not to use it as the primary end point. Anal-
ysis of weight dynamics preceding hospitalization has 

demonstrated to be a sensitive tool in determining the 
amount of volume overload. This is based on the premise 
that a baseline dry weight has been established, taking 
into consideration weight changes are limited that on an 
individual basis.16 In addition, correlations between fluid 
and weight loss during treatment of AHF are at best,17 
possibly explained by the fact that daily weights can be 
challenging to obtain accurately (ie, not weighing patients 
on the same scale, weighing different times in the day 
and in relation to meals/urination/defecation, use of bed 
scales, and different clothing or devices like telemetry).15 
Further, a difference between arms might have become 
apparent only after a longer treatment period.

Congestion was graded with the ADVOR congestion 
score. This score was used to assess the primary end 
point of effective decongestion in the ADVOR trial, show-
ing an increase in decongestion when loop diuretics were 
combined with acetazolamide in patients with AHF and 
volume overload. As the ADVOR congestion score quanti-
fies edema, pleural effusion and ascites (the latter 2 via 
technical exams), it might be less sensitive to detect differ-
ences in congestion only after 2 days of treatment in the 
current study population. Furthermore, the patients in the 
current study had a higher congestion score than those in 
the ADVOR trial9 and only small decreases in their score 
in both arms, which might imply that a longer treatment 

Table 4.  Use of Diuretics During the 2-Day Study Period

 Standard of care (N=245) Protocol, (N=143) P value 

Chronic oral maintenance dose as furosemide equivalent dose, mg 60 (40–80) 60 (40–100) 0.220

Loop diuretic use

 � First loop diuretic dose as furosemide equivalent dose, mg 60 (40–80) 120 (80–200) <0.001

 � Cumulative furosemide equivalent dose, mg 240 (195–391) 640 (320–760) <0.001

 � Use of continuous infusion 60 (24.5%) 0 <0.001

 � Use of bolus 229 (93.5%) 143 (100%) 0.002

Number of loop diuretic doses <0.001

 � 2 doses 33 (13.5%) 3 (2.1%)  

 � 3 doses 55 (22.4%) 8 (5.6%)  

 � 4 doses 50 (20.4%) 126 (88.1%)  

  �≥5 doses 107 (43.7%) 6 (4.2%)  

Use of thiazides 14 (5.7%) 27 (18.9%) <0.001

Use of acetazolamide 4 (1.6%) 1 (0.7%) 0.656

Diuretic response assessment after first diuretic bolus

Spot urinary sodium after 2 hour

 � Mean, mmol/L 93±33 94±32 0.801

 � <50 mmol/L 29 (11.8%) 18 (12.6%) 0.827

Urine output

 � Median, mL/h 102 (70–150) 144 (117–194) <0.001

 � <100 mL/h 118 (48.2%) 28 (19.6%) <0.001

Diuretic response assessment after 1 day of treatment

Total urine output day 1

 � Median, mL 2200 (1450–3127) 3126 (2300–4000) <0.001

 � <3000 mL 177 (72.2%) 52 (36.4%) <0.001
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period might be necessary to show any difference. More-
over, pleural effusion and ascites were not screened in 
all patients, but only needed confirmation with imaging in 
case of clinical suspicion, which might limit the sensitivity 
of the congestion assessment. Of note, the length of stay 
was shortened by 1 day in the protocol arm, which might 
suggest more effective decongestion.

The ENACT-HF study is the first in a series of tri-
als on natriuresis-guided decongestion. More data 
are to be expected from PUSH-AHF (Pragmatic Uri-
nary Sodium-Based Algorithm in Acute Heart Failure; 
NCT04606927),18 ESCALATE (Urine Chemistry Guided 
Acute Heart Failure Treatment; NCT04481919), and 
DECONGEST (Diuretic Treatment in Acute Heart Fail-
ure With Volume Overload Guided by Serial Spot Urine 
Sodium Assessment; NCT05411991).

The ENACT-HF study is subject to certain limitations. 
First, the study has a nonrandomized, open-label design 
which makes it subject to bias by the investigators. How-
ever, the sequential nature of the study ensured that cen-
ters had to recruit patients in the standard of care arm first 
(where any dose change was left at the discretion of the 
treating physician) before proceeding to treating patients 
according to the protocol (where the dosing was proto-
colized). As such, they had no opportunity to compare the 
results of their standard of care with the protocol. In addi-
tion, randomization within centers would have had the dis-
advantage of centers learning from a potentially beneficial 
protocol and changing their routine treatment plan, while 
still including patients in the standard of care arm (contami-
nation). Second, the sequential design of the study implies 
changes in heart failure care over time might influence 
the study results. Third, recruitment was not completed 
as intended (n=500) due to lack of funding. Despite the 
lower than intended recruitment, there was a very clear and 
highly significant difference in the primary end point. This 
difference was much higher than anticipated when per-
forming the power calculations. Therefore, a lower sample 
size would probably have sufficed. Fourth, safety end points 
were only collected for the first 2 days and for that rea-
son, safety cannot be guaranteed beyond this period. In 
addition, only rudimentary assessment of safety end points 
was done without adjudication. Last, the statistical meth-
ods used to adjust for baseline characteristics imbalances 
might be insufficient to account for residual confounders.

CONCLUSIONS
The use of a standardized natriuresis-guided loop 
diuretic protocol was feasible, safe, and associated with 
an increased natriuresis and diuresis and a shorter length 
of stay.
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