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Aims To describe the baseline characteristics of participants in the Acetazolamide in Decompensated Heart Failure with
Volume Overload (ADVOR) trial and compare these with other contemporary diuretic trials in acute heart failure
(AHF).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

ADVOR recruited 519 patients with AHF, clinically evident volume overload, elevated N-terminal pro-B-type
natriuretic peptide (NT-proBNP) and maintenance loop diuretic therapy prior to admission. All participants received
standardized loop diuretics and were randomized towards once daily intravenous acetazolamide (500 mg) versus
placebo, stratified according to study centre and left ventricular ejection fraction (LVEF) (≤40% vs. >40%). The
primary endpoint was successful decongestion assessed by a dedicated score indicating no more than trace oedema
and no other signs of congestion after three consecutive days of treatment without need for escalating treatment.
Mean age was 78 years, 63% were men, mean LVEF was 43%, and median NT-proBNP 6173 pg/ml. The median clinical
congestion score was 4 with an EuroQol-5 dimensions health utility index of 0.6. Patients with LVEF ≤40% were more
often male, had more ischaemic heart disease, higher levels of NT-proBNP and less atrial fibrillation. Compared with
diuretic trials in AHF, patients enrolled in ADVOR were considerably older with higher NT-proBNP levels, reflecting
the real-world clinical situation.

*Corresponding author. Ziekenhuis Oost-Limburg, Schiepse Bos 6, 3600 Genk, Belgium. Tel: +32 89 327087, Fax: +32 89 327918, Email: wilfried.mullens@zol.be
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1602 W. Mullens et al.

Conclusion ADVOR is the largest randomized diuretic trial in AHF, investigating acetazolamide to improve decongestion on top of
standardized loop diuretics. The elderly enrolled population with poor quality of life provides a good representation of
the real-world AHF population. The pragmatic design will provide novel insights in the diuretic treatment of patients
with AHF.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Graphical Abstract

Baseline characteristics of ADVOR trial participants. ACEi, angiotensin-converting enzyme inhibitor; AHF, acute heart failure; ARB, angiotensin
receptor blocker; IV, intravenous; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal
pro-B-type natriuretic peptide.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Acute heart failure • Diuretics • Randomized controlled trial • Acetazolamide • Congestion •
Volume overload

Introduction
A high proportion of heart failure (HF) patients experience an
episode of acute HF (AHF) during their disease course, often char-
acterized by signs and symptoms of congestion. These episodes are
associated with increased morbidity and mortality and are accom-
panied with a high burden on healthcare-related costs.1 Current
guidelines recommend the use of intravenous loop diuretics to
improve symptoms, as a first-line treatment option for all patients
with AHF and volume overload, independent of left ventricular
ejection fraction (LVEF).2 Although a recent consensus document
on the use of diuretics supports a combinational diuretic therapy as
a potential strategy to offset diuretic resistance with accompanying
persistent congestion,2,3 many patients are discharged with residual
clinical congestion, which is a strong predictor of poor outcome.4

In the Diuretic Optimization Strategies Evaluation (DOSE) study,
only 15% of the patients were free from clinical congestion after
72 h of treatment.5 In the Acute Decompensated Heart Failure ..
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. National Registry (ADHERE), approximately 20% of the patients

were discharged with an increase in body weight.6

Acetazolamide inhibits sodium reabsorption in the proximal
tubules of the nephron and may boost diuretic efficacy when added
to loop diuretics thereby facilitating decongestion.7 Both an obser-
vational as well as a prospective randomized study demonstrated
that the addition of acetazolamide (500 mg intravenous) to loop
diuretics in patients with AHF enhanced urinary sodium excretion
with approximately 40–100 mmol sodium per 40 mg furosemide
or equivalents.8,9 In addition, through a ceasing effect on neurohu-
moral activation, proximal diuretics might effectively reduce plasma
volume.10–12 The Acetazolamide in Decompensated Heart Fail-
ure with Volume Overload (ADVOR) trial investigates whether
the addition of acetazolamide on top of standardized (twice home
dose) loop diuretics improves decongestion in patients with AHF
and clinical signs of volume overload. In this article, we describe the
baseline characteristics of patients enrolled in the ADVOR trial and
compare them with other contemporary diuretic trials in AHF.

© 2022 European Society of Cardiology
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Baseline characteristics of the ADVOR trial 1603

Methods

Study design
ADVOR is a pragmatic multicentre, randomized, double-blind,
placebo-controlled trial, evaluating the addition of acetazolamide on
top of standardized (twice home dose) intravenous loop diuretic
therapy in patients with AHF.7 Adults with an elective or emergency
hospital admission due to AHF were eligible for enrolment if they had
an elevated N-terminal pro-B-type natriuretic peptide (NT-proBNP)
>1000 pg/ml or B-type natriuretic peptide (BNP) level >250 ng/ml,
had at least one clinical sign of volume overload (ascites, pleural effu-
sion, or oedema) and were on maintenance therapy with at least 40 mg
furosemide or equivalents for at least 1 month (conversion factor
20 mg torsemide = 40 mg furosemide = 1 mg bumetanide).7 Patients
were excluded if they were on acetazolamide maintenance therapy
or another proximal nephron acting agent such as a sodium–glucose
cotransporter 2 inhibitor, had a systolic blood pressure <90 mmHg or
an estimated glomerular filtration rate <20 ml/min/1.73 m2. Patients
were randomized in a 1:1 fashion to loop diuretics in combination
with either an intravenous bolus of acetazolamide 500 mg once daily
or matching placebo for three consecutive days. Intravenous loop
diuretic administration was protocolized as twice the oral home dose,
given as a single bolus on the first day and split in two doses on the
next two consecutive days. An automated web-based system was used
to randomize patients stratified by LVEF (≤40% or >40%) and study ..
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. centre. The primary endpoint of the ADVOR trial was defined as the
rate of successful decongestion on the third morning after randomiza-
tion (i.e. day 4) without the need for escalating decongestive therapies
for poor loop diuretic efficacy on the morning of day 3. The study was
done in accordance with the Declaration of Helsinki and approved
by the institutional review board and ethics committees at individual
study sites. All patients needed to sign written informed consent prior
to inclusion. The details of the study design have been published and
the trial is registered at ClinicalTrials.gov (Identifier: NCT03505788).7

Clinical congestion score and successful
decongestion
The trained investigator had to assess all signs of volume overload
and to complete a clinical congestion score every day (Figure 1). This
clinical congestion score was based upon the presence or absence
and severity of oedema, pleural effusion (to be confirmed by chest
X-ray or ultrasound) and ascites (to be confirmed by ultrasound).
Any patient with a clinical congestion score of ≥2, which meant
more than trace oedema or the presence of residual pleural effusion
or ascites, was considered volume overloaded and diuretic therapy
needed to be continued. If the total cumulative urinary output from
baseline to the morning of day 3 was less than 3.5 L and persistent
clinical congestion was present (congestion score ≥2), escalation
of decongestive treatment was mandatory. Successful decongestion

Figure 1 Clinical congestion score.

© 2022 European Society of Cardiology
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1604 W. Mullens et al.

was defined as a congestion score ≤1 on the third morning after
randomization, without need for escalating treatment because of poor
loop diuretic efficacy.7

Quality of life
ADVOR also collected EuroQol-5 dimensions (EQ-5D) question-
naires, which is a self-assessed, health-related, quality-of-life question-
naire. The EQ-5D measures quality of life on a five-component scale
including mobility, self-care, usual activities, pain/discomfort, and anx-
iety/depression. The EQ-5D health utility index ranges from −0.532
(worst health state) to 1 (most optimal health state).13 EuroQol-Visual
Analogue Scale (EQ-VAS) records the patients’ self-rated health on a
vertical visual analogue scale, where the endpoints are labelled ‘The
best health you can imagine’ (score 100) and ‘The worst health you
can imagine’ (score 0).

Comparison with other acute heart
failure trials
The baseline characteristics of the ADVOR trial were compared with
the other large randomized diuretic trials enrolling patients with
AHF, including DOSE, ATHENA-HF (Aldosterone Targeted Neuro-
hormonal Combined with Natriuresis therapy in Heart Failure), and
CARRESS-HF (Cardiorenal Rescue Study in Acute Decompensated
Heart Failure).5,14,15

Statistical analysis
ADVOR randomized 519 patients. Sample size was calculated based on
the results of the DOSE trial, estimating an occurrence of 15% of the
primary endpoint in the control group. No reliable data were available
for the acetazolamide arm, but a clear meaningful benefit of 10% more
congestion was chosen. Considering a type I error rate 𝛼 = 0.05 and
a type II error rate 𝛽 = 0.20, the target sample size was calculated at
494. A 5% drop-out rate was anticipated, which brings the total sample
size to 519. To describe the baseline characteristics, numbers (%) or
means± standard deviation and medians (25th–75th percentile) are
given as appropriate. All statistical analyses were done with Statistical
Analysis System (SAS) software for Windows, Version 9.4, Copyright
©2016.

Results
Between 11 November 2018 and 17 January 2022, patients were
screened for inclusion in 30 sites in Belgium. The first consecutive
519 patients who met in- and exclusion criteria and provided writ-
ten informed consent were randomized towards acetazolamide or
matched placebo.

Baseline characteristics
The ADVOR trial included an elderly population with a mean age
of 78± 9 years. Most patients were male (63%) with mean LVEF
of 43± 15%. The aetiology was ischaemic in 45%. Most patients
had New York Heart Association functional class III or IV symp-
toms (87%). Cardiovascular comorbidities were very prevalent.
Importantly, the median baseline estimated glomerular filtration ..
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.. rate (eGFR) was 39 ml/min/1.73 m2 (29–52 ml/min/1.73 m2)
and 82% had stage 3 chronic kidney disease or worse (eGFR
<60 ml/min/1.73 m2). A cardiac resynchronization therapy and/or
implantable cardioverter-defibrillator device was previously
implanted in 19% of all patients and in 36% of the patients with HF
with reduced ejection fraction (HFrEF). The mean heart rate was
78±18 bpm, the mean systolic blood pressure 127± 21 mmHg
and mean diastolic blood pressure 72±13 mmHg. Patients
had significant congestion with median NT-proBNP of 6173
(3068–10 896) pg/ml and a clinical congestion score of 4 (3–6),
which was independent of LVEF (Table 1 and online supplementary
Figure 1). Oedema was the most important sign of volume over-
load, with 78% of the patients exhibiting oedema up to the knee
or above (score ≥3), and 53% had pleural effusion with only 9%
having ascites (Figure 1). The degree of oedema, pleural effusion
and ascites at presentation with AHF did not differ between
patients with an LVEF ≤40% or >40% (online supplementary
Figure 1). At baseline, a urinary catheter was used in 51% of the
patients.

Table 1 describes the baseline characteristics after stratification
for LVEF ≤40% or >40% (strata used in randomization). Patients
with an ejection fraction ≤40% were younger, more frequently
male, were less likely to have atrial fibrillation or flutter and
had more frequently an ischaemic aetiology. The NT-proBNP
was clearly higher in patients with a reduced ejection fraction
(9137 [5108–18 714] vs. 4393 [2414–8124] pg/ml), yet clinical
congestion scores were similar (Table 1).

Maintenance therapy of enrolled patients is described in Table 2.
As required for inclusion, all patients were treated with loop diuret-
ics at home, with the majority receiving bumetanide (84%). The
median dose of maintenance therapy was 60 mg furosemide or
equivalents. Most patients (81%) were treated with beta-blockers.
Despite the high frailty and degree of chronic kidney disease, 52%
were taking an angiotensin-converting enzyme inhibitor (ACEi),
angiotensin receptor blocker (ARB) or sacubitril/valsartan and 42%
were prescribed a mineralocorticoid receptor antagonist (MRA).
In line with the current guidelines for HF, the prescription of neu-
rohormonal inhibitors (ACEi/ARB/ARNI), MRA and beta-blockers
was higher in patients with a lower ejection fraction (online sup-
plementary Figure S2).

Overall, the median EQ-5D health utility index was 0.6. Activ-
ities of daily living and mobility were mostly impaired and fewer
self-reported impairments were noted with regard to anxi-
ety/depression (Figure 2). Patients in the ADVOR trial reported a
mean health score of 52 (40–65) out of 100 on the VAS.

Comparison with other acute heart
failure trials
ADVOR is the largest randomized diuretic trial performed in
patients with AHF. Similar to ADVOR, all the other large diuretic
trials included patients across the full range of LVEF. The pri-
mary endpoint of ADVOR is focused on effective decongestion,
assessed by trained HF physicians who were blinded for treatment
allocation and confirmed with technical exam (in case of pleu-
ral effusion/ascites). In contrast, the primary endpoints of DOSE,

© 2022 European Society of Cardiology
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Baseline characteristics of the ADVOR trial 1605

Table 1 Baseline characteristics

Overall (n = 519) EF ≤40% (n = 225) EF >40% (n = 294)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 78.2± 8.9 76.2± 9.5 79.8± 8.1
Male sex 325 (63%) 176 (78%) 149 (51%)
LVEF (%) 43±15 29± 8 54± 8
Ischaemic aetiology 232 (45%) 136 (60%) 96 (33%)
Comorbidities

Previous CABG 123 (24%) 66 (29%) 57 (19%)
Previous valve surgery 91 (18%) 36 (16%) 55 (19%)
Previous PTCA 125 (24%) 82 (36%) 43 (15%)
History of atrial fibrillation or flutter 376 (72%) 145 (64%) 231 (79%)
Stroke 62 (12%) 29 (13%) 33 (11%)
Diabetes 245 (47%) 110 (49%) 135 (46%)
Hypertension 389 (75%) 157 (70%) 232 (79%)
Peripheral arterial disease 101 (19%) 48 (21%) 53 (18%)
Current smoker 48 (9%) 29 (13%) 19 (6%)
COPD 101 (19%) 42 (19%) 59 (20%)
Malignancy 58 (11%) 24 (11%) 34 (12%)

NYHA class
II 66 (13%) 34 (15%) 32 (11%)
III 296 (57%) 127 (57%) 169 (57%)
IV 157 (30%) 64 (28%) 93 (32%)

ICD 79 (15%) 70 (31%) 9 (3%)
CRT 61 (12%) 46 (20%) 15 (5%)
Weight (kg) 84.8± 21.4 85.0± 20.2 84.7± 22.4
Heart rate (bpm) 78±18 77±17 79± 19
Systolic blood pressure (mmHg) 127± 21 123± 19 130± 22
Clinical congestion score 4 (3–6) 4 (3–6) 4 (3–6)
Serum haemoglobin (g/dl) 11.9± 2.0 12.4± 1.9 11.5±1.9
Haematocrit (%) 36.6± 5.9 38.2± 5.7 35.4± 5.7
Sodium (mmol/L) 139± 4 140± 4 139± 5
Potassium (mmol/L) 4.2± 0.6 4.3± 0.6 4.2± 0.6
Chloride (mmol/L) 100.6± 5.3 101.3± 4.8 100.0± 5.7
Bicarbonate (mmol/L) 26.3± 4.1 25.6± 3.9 26.8± 4.1
Serum urea (mg/dl) 72 (52–100) 80 (59–109) 65 (49–90)
Serum creatinine (mg/dl) 1.5 (1.2–1.9) 1.7 (1.3–2.1) 1.4 (1.1–1.7)
eGFR (ml/min/1.73 m2) 39 (29–52) 36 (27–50) 42 (31–53)
eGFR <60 ml/min/1.73 m2 424 (82%) 184 (82%) 240 (82%)
Ferritin (μg/dl) 115 (63–235) 126 (69–275) 101 (60–200)
Troponin (ng/L) 40 (25–63) 46 (31–72) 37 (22–59)
NT-proBNP (pg/ml) 6173 (3068–10 896) 9137.0 (5108–18 714) 4393 (2414–8124)

Values are mean± standard deviation, or median (25th–75th percentile), unless otherwise indicated.
CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; ICD,
implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association;
PTCA, percutaneous transluminal coronary angioplasty.

ATHENA-HF and CARRESS-HF were more secondary derivatives
of the elimination of residual congestion (change in NT-proBNP,
change in weight or VAS of wellbeing) (online supplementary
Table S1).

Patients enrolled in ADVOR were older than those in DOSE,
ATHENA-HF and CARRESS-HF (Table 3). Most participants were
male in all four trials. The ejection fraction was slightly higher
in ADVOR with a lower rate of ischaemic HF compared to the
others. Comorbidities were equally common with a higher history
of atrial fibrillation/flutter in ADVOR. Only ADVOR and DOSE ..
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..

..
..

..
. required maintenance therapy with loop diuretics for at least

1 month prior to enrolment. However, the rate of maintenance
therapy with loop diuretics in patients enrolled in ATHENA-HF and
CARRESS-HF was also very high (96% and 94%, respectively). In
ADVOR 52% and 81% of the patients received an ACEi/ARB/ARNI
and a beta-blocker, respectively, which is similar to the ACEi/ARB
and beta-blocker use in the other trials. The prescription of MRA
was higher in ADVOR (42%) than in DOSE and CARRESS-HF (28%
and 20%, respectively) and obviously higher than ATHENA-HF
(11%) as a result of the study design (Figure 3).

© 2022 European Society of Cardiology
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1606 W. Mullens et al.

Table 2 Maintenance therapy

Overall (n = 519) EF ≤40% (n = 225) EF >40% (n = 294)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Maintenance dose–furosemide equivalents (mg)a 60 (40–100) 70 (40–100) 60 (40–120)
Thiazides 34 (7%) 14 (6%) 20 (7%)
ACEi/ARB/ARNI 270 (52%) 137 (61%) 133 (45%)

ACEi 141 (27%) 57 (25%) 84 (29%)
ARB 53 (10%) 12 (5%) 41 (14%)
ARNI 76 (15%) 68 (30%) 8 (3%)

Beta-blocker 419 (81%) 194 (86%) 225 (77%)
MRA 216 (42%) 112 (50%) 104 (35%)
Ivabradine 10 (2%) 9 (4%) 1 (0.3%)
Hydralazine 9 (2%) 6 (3%) 3 (1%)
Nitrates 28 (5%) 11 (5%) 17 (6%)
Digoxin 34 (7%) 12 (5%) 22 (7%)
Antiplatelets 182 (35%) 91 (40%) 91 (31%)
Anticoagulation 337 (65%) 135 (60%) 202 (69%)
Statin 328 (63%) 155 (69%) 173 (59%)
Amiodarone 119 (23%) 60 (27%) 59 (20%)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; EF, ejection fraction; MRA,
mineralocorticoid receptor antagonist.
aMedian (25th–75th percentile).

Median NT-proBNP levels in ADVOR were considerably higher
than in DOSE, ATHENA-HF and CARRESS-HF (Table 3). Overall,
renal function assessed by serum creatinine did not differ between
patients enrolled in ADVOR, DOSE and ATHENA-HF, but renal
function in CARRESS-HF was worse.

Discussion
ADVOR is to date the largest randomized diuretic trial per-
formed in patients with AHF. The pragmatic set-up of the ADVOR
trial enabled an enrolment of patients representing daily clinical
practice, which is evident by the high degree of congestion, the
advanced age and frequent comorbidities, as well as the expected
distribution of patients according to LVEF. Compared to other ran-
domized diuretic trials, ADVOR enrolled a more elderly population
with significant congestion as evidenced by high NT-proBNP lev-
els (6173 pg/ml) and congestion score, which corresponds to the
patient profile observed in clinical practice. Signs and symptoms
of congestion could not distinguish patients with reduced and pre-
served ejection fraction (online supplementary Figure S1). ADVOR
is designed to determine if the addition of acetazolamide, a prox-
imal working diuretic agent, on top of standardized (twice home
dose) loop diuretics will lead to more effective and efficient decon-
gestion in those patients. Importantly, achieving decongestion has
a class I recommendation of the European Society of Cardiol-
ogy (ESC) guidelines for the diagnosis and treatment of acute and
chronic HF.2 As such, the results of ADVOR are extremely impor-
tant because registry and clinical trial data report that only a minor-
ity of AHF patients are discharged without residual congestion.5,6

Compared to other diuretic trials, patients in ADVOR had higher
levels of NT-proBNP.14,15 Moreover, all patients had unequivocal
clinical signs of severe volume overload, reflected in the clinical ..
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. congestion score (78% of patients had >grade 2 oedema and 53%

had pleural effusion) and the overall very high levels of NT-proBNP.
The average age of 78 years is clearly older than the patients
enrolled in DOSE, ATHENA-HF and CARRESS-HF, where the
mean age was around 65 years and even older than in large AHF
registries.6,16–21 The most recent large registries, i.e. the ESC
Heart Failure Long-Term Registry20 and the GREAT registry,21

had both a median age of 71 years. However, clinical trials and
registries, mainly done in cardiology wards, do not always represent
the real-world population encountered in daily clinical practice.22

Patients in a recent cohort study in the Belgian primary care set-
ting23 and a large population-based study in the United Kingdom,24

representing a less selected population, had a comparable age
as the ADVOR trial. This was confirmed in the Swedish Heart
Failure Registry25 and in a retrospective observational study in the
United States in which the mean age was approximately 77 years
for patients with stable chronic HF and 78 years for patients
with a worsening HF event.26 A prospective observational trial,
conducted in 4041 patients admitted with AHF in Japan without
any exclusion criteria, demonstrated an even higher median age
of 80 years.27 Therefore, patients in ADVOR are very similar as
those seen in real-world clinical practice. This makes ADVOR the
largest and first diuretic trial in AHF for which the results will be
more representative for the global HF population including all age
categories.

While the presence of comorbidities was similar between all
diuretic trials, the study design of CARRESS-HF required worsen-
ing renal function as inclusion criteria, which subsequently explains
the worse kidney function observed in CARRESS-HF. However,
82% of patients included in ADVOR had chronic kidney disease
defined as an eGFR <60 ml/min/1.73 m2. The prognostic impact
of any reduction in eGFR is well-established in HF and therefore

© 2022 European Society of Cardiology
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Baseline characteristics of the ADVOR trial 1607

Figure 2 EuroQol-5 dimensions (EQ-5D) quality of life according to different domains. EF, ejection fraction; VAS, visual analogue scale.

the population included in ADVOR is at very high risk for adverse
events.28–30

Additionally, on top of length of hospital stay, HF hospitalization
and all-cause mortality, ADVOR will also report on a self-reported
quality-of-life score as secondary endpoint. A consensus paper of
the ESC emphasizes the importance of gaining insight into the
patients’ experience and perspective.31 This is even more impor-
tant in an elderly patient population with many comorbidities in
which quality of life might be as important as longevity. More-
over, an inverse association between the self-assessed quality-of-life
score and all-cause mortality and HF hospitalizations has been
reported.32 The EQ-5D of patients in the ADVOR trial was consid-
erably lower than the average EQ-5D for the Belgian population.13

As expected in patients with a high congestion score and in an ..
..
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.. elderly population, patients enrolled in ADVOR reported mostly
problems with mobility and daily activities. However, the majority
denied any moderate or major problems with self-care or anxi-
ety/depression. In the ADVOR trial, the self-reported VAS scored
a mean of only 52 out of 100, which was comparable between
patients with an ejection fraction≤40% and>40% but clearly lower
than the average for the Belgian population of 77.1.13

Randomization towards acetazolamide or matched placebo was
stratified based on ejection fraction ≤40% and >40%, which
enables an equally representation of both groups in the inter-
vention and placebo group. Overall, baseline clinical characteris-
tics were similar between the two pre-specified groups of ejec-
tion fraction in ADVOR with the exception of a higher level of
NT-proBNP and less history of atrial fibrillation or flutter in the
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1608 W. Mullens et al.

Table 3 Comparison of baseline characteristics in diuretic trials in acute heart failure

ADVOR (n = 519) DOSE (n = 308) ATHENA-HF (n = 360) CARRESS-HF (n = 188)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Intervention Acetazolamide or matched
placebo on top of
high-dose loop diuretics

IV furosemide:
- high vs. low-dose
- continuous vs.

intermittent bolus

High-dose spironolactone
(100 mg) vs. placebo or
25 mg spironolactone

Stepped pharmacological
therapy vs. ultrafiltration

Primary endpoint Successful decongestion
(score <2)

AUC VAS (wellbeing) and
change in serum
creatinine

Change in log NT-proBNP
levels

Change in serum creatinine
level and change in weight

Age (years) 78± 9 66 65 68
Male sex 63% 73% 64% 75%
EF (%) 43±15 35±18 34 37±18
Proportion EF >40%: 57% ≥50%: 27% >45%: 27% –
Ischemic aetiology 45% 57% 63% 61%
History of AF or AFl 72% 53% 48% 54%
Diabetes mellitus 47% 51% 41% 66%
ICD 15% 39% 16% –
CRT 12% – 16% –
Loop diuretics 100% 100% 96% 94%
Dose of oral furosemide or

equivalents (mg/day)
60 (40–100) 131± 51.4 80 (40–160) 120 (80–160) vs. 120

(80–240)
ACEi/ARB/ARNI 52% 64% 60% 54%
Beta-blocker 81% 83% 74% 78%
MRA 42% 28% 11% 20%
Systolic blood pressure (mmHg) 127± 21 119.5± 20.0 122 –
Heart rate (bpm) 78±18 78.5±16.0 79 –
Sodium (mmol/L) 139± 4 138± 4 140 (138–142) 137± 4
Creatinine (mg/dl) 1.5 (1.2–1.9) 1.5± 0.5 1.2 2.09 (1.71–2.65) vs. 1.90

(1.57–2.37)
eGFR (ml/min/1.73 m2) 39 (29–52) – 55 (46–71) vs. 58 (45–75) –
NT-proBNP (pg/ml) 6173 (3068–10 896) 3790 (1890–8781) 4176 (1936–7456) vs.

4028 (2472–10 048)
4007 (1128–8534) vs. 5013

(2310–10 381)

Values are mean± standard deviation, or median (25th–75th percentile), unless otherwise indicated.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; AF, atrial fibrillation; AFl, atrial flutter; ARNI, angiotensin receptor–neprilysin inhibitor; AUC, area under the curve;
CRT, cardiac resynchronization therapy; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HFpEF, heart failure with preserved ejection fraction; ICD, implantable cardioverter-defibrillator;
IV, intravenous; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; VAS, visual analogue scale.

LVEF ≤40% group, which is reflected in the slightly lower pre-
scription of direct oral anticoagulants. This difference in natriuretic
peptides between patients with HFrEF and HF with preserved ejec-
tion fraction (HFpEF) has been described in both AHF and chronic
HF.33–35 In patients with HFrEF, eccentric remodelling is associ-
ated with a higher increase in wall stress compared to concen-
tric remodelling in patients with HFpEF. As the release of natri-
uretic peptides depends on the degree of wall stress, this will
be higher in patients with HFrEF than with HFpEF.36 As the clin-
ical congestion score was similar between groups, the difference
in NT-proBNP in our cohort probably reflects different patho-
physiological processes rather than a difference in clinical volume
overload.

A particularly important consideration in any HF trial is the
adequacy of background treatment. Overall, there was a high pre-
scription of medical HF therapy in ADVOR, in line with current HF
guidelines with a higher degree in the group with the lower ejec-
tion fraction. The prescription of ACEi/ARB is lower in ADVOR
than in other diuretic trials, but comparable when adjusted for
ARNI use. The use of beta-blocker was comparable to DOSE,
ATHENA-HF and CARRESS-HF, however the use of MRA was
obviously higher. ADVOR represents a vulnerable patient popu-
lation that despite baseline medical therapy is still at a very high ..
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Figure 3 Baseline prescription of guideline-directed med-
ical therapy in ADVOR and other diuretic trials. ACEi,
angiotensin-converting enzyme inhibitor; ARB, angiotensin
II receptor blocker; ARNI, angiotensin receptor–neprilysin
inhibitor; MRA, mineralocorticoid receptor antagonist.

risk for decompensation. ADVOR allowed a broad inclusion for
all AHF patients with signs of volume overload and maintenance
therapy with at least 40 mg furosemide or equivalents for at least
1 month.

© 2022 European Society of Cardiology

 18790844, 2022, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.2587 by U

niversity O
f G

roningen, W
iley O

nline L
ibrary on [07/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Baseline characteristics of the ADVOR trial 1609

Conclusion
ADVOR is a multicentre, double-blind, placebo-controlled ran-
domized trial and is the largest diuretic trial in AHF performed
to date. The higher age of the study population is more reflec-
tive of a real-world HF population than previous diuretic trials in
AHF. Furthermore, despite adequate maintenance therapy, patients
were severely congested, with pronounced clinical signs of volume
overload and elevated levels of natriuretic peptides. As such, the
results of ADVOR will provide contemporary and novel insights in
the diuretic treatment of patients with AHF and fluid overload.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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