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Abstract

Aims The prognostic value of ‘high dose’ loop diuretics in advanced heart failure outpatients is unclear. We aimed to assess
the prognosis associated with loop diuretic dose in ambulatory patients awaiting heart transplantation (HT).
Methods and results All ambulatory patients (n = 700, median age 55 years and 70% men) registered on the French national
HT waiting list between 1 January 2013 and 31 December 2019 were included. Patients were divided into ‘low dose’, ‘inter-
mediate dose’, and ‘high dose’ loop diuretics corresponding to furosemide equivalent doses of ≤40, 40–250, and >250 mg,
respectively. The primary outcome was a combined criterion of waitlist death and urgent HT. N-terminal pro-B-type natriuretic
peptide, creatinine levels, pulmonary capillary wedge pressure, and pulmonary pressures gradually increased with higher di-
uretic dose. At 12 months, the risk of waitlist death/urgent HT was 7.4%, 19.2%, and 25.6% (P = 0.001) for ‘low dose’, ‘inter-
mediate dose’, and ‘high dose’ patients, respectively. When adjusting for confounders, including natriuretic peptides, hepatic,
and renal function, the ‘high dose’ group was associated with increased waitlist mortality or urgent HT [adjusted hazard ratio
(HR) 2.23, 1.33 to 3.73; P = 0.002] and a six-fold higher risk of waitlist death (adjusted HR 6.18, 2.16 to 17.72; P < 0.001) when
compared with the ‘low dose’ group. ‘Intermediate doses’ were not significantly associated with these two outcomes in ad-
justed models (P > 0.05).
Conclusions A ‘high dose’ of loop diuretics is strongly associated with residual congestion and is a predictor of outcome in
patients awaiting HT despite adjustment for classical cardiorenal risk factors. This routine variable may be helpful for risk strat-
ification of pre-HT patients.
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Introduction

Loop diuretics are the only group of drugs with a class I rec-
ommendation in heart failure (HF), for alleviating HF symp-
toms, despite a level C recommendation.1 As advanced HF
is characterized by the presence of severe cardiac dysfunc-
tion resulting in recurrent hospitalizations for congestive
episodes,2 it could lead to a progressive increase in daily di-
uretics dose particularly in patients with cardiorenal syn-
drome. Persisting fluid overload or increased diuretic require-
ment are criteria requiring referral to an advanced HF centre
according to HF guidelines.1,3 However, the dose of loop di-
uretic that should prompt a referral is not well defined ac-
cording to the author of ‘“I Need Help”—A Mnemonic to
Aid Timely Referral in Advanced Heart Failure’.3

Diuretic resistance has mainly been evaluated in acute
settings and is dependent (albeit not exclusively) on
transient phenomena such as impaired diuretic absorption,
decreased renal blood flow, renal congestion, azotaemia,
hypoalbuminaemia, and proteinuria.4 Diuretic dose has been
shown to be a strong prognostic marker in ambulatory pa-
tients with HF (e.g. in the EMPHASIS trial5). Yet, the prognostic
value of daily doses of diuretics has not been extensively stud-
ied in ambulatory advanced HF. Indeed, the Seattle Heart Fail-
ureModel,6 which incorporates the daily oral furosemide dose
as a continuous variable, was developed based on the PRAISE
study7 published in 1996. In that study, the patients had an av-
erage New York Heart Association class of 3.6 and were pre-
dominantly treated with digoxin and angiotensin-converting
enzyme inhibitors (ACEis). Similarly, Eshaghian et al. reported
a correlation between diuretic dose and mortality in advanced
HF, but their study included patients referred in the 1990s, of
whom only 40% were receiving beta-blockers (BBs) and 26%
were onmineralocorticoid receptor antagonists (MRAs).8 Con-
sidering that pump dysfunction is a significant characteristic of
advanced HF, the prognostic value of diuretic dose may be less
significant in this specific patient population. Furthermore, the
current era of life-saving HF treatments such as ACEis, BBs,
MRAs, and, more recently, angiotensin receptor-neprilysin
inhibitors may have diminished the predictive value of
diuretic dose.

The aim of the present study was to assess the association
between congestion and diuretic dose as well as the
prognostic value of daily diuretic doses in contemporary am-
bulatory patients with advanced HF listed for heart transplan-
tation (HT).

Methods

Study population

A total of 2089 patients (18 years or older) without previous
solid organ transplants (heart, kidney, liver, or pancreas)

listed on the French national waiting list for HT between 1
January 2013 and 31 December 2019 were deemed eligible.
Of the latter, 700 ambulatory patients without intravenous
inotrope therapy, mechanical assistance, or dialysis at time
of listing were included.

Furosemide equivalent dose

Only two loop diuretics are available in France, furosemide
and bumetanide. A 1 mg dose of bumetanide was consid-
ered equivalent to 40 mg of furosemide. Three groups were
created according to furosemide dose. Diuretic dosages
were categorized based on previous reports5 and clinically
relevant thresholds. A reference ‘low dose’ group was de-
fined as patients with a daily furosemide dose of ≤40 mg,
the ‘high dose’ furosemide group was defined as a daily
dose of >250 mg, and the ‘intermediate dose’ group
corresponded to patients with a daily furosemide dose be-
tween 41 and 250 mg.

Follow-up and study outcomes

The primary outcome was the combined criteria of the occur-
rence of waitlist death or urgent HT. Secondary outcomes
were components of waitlist mortality, delisting for aggrava-
tion, urgent HT, or left ventricular assist device (LVAD)
implantation.

Urgent HT was defined by the presence of intravenous
inotrope or extracorporeal mechanical assistance at time of
transplant.

Follow-up of all study events was maintained up to 12 Au-
gust 2021. Patients were censored at elective HT or delisting
for medical improvement.

Data collection and variables

This national multicentre study was performed using the data
from the French registry (CRISTAL). The registry is adminis-
tered by the Ministry of Health (Agence de la Biomédecine),
which prospectively collects data on all organ transplant can-
didates in France along with their outcomes. A description of
the CRISTAL registry has previously been published.9 Data
were registered in CRISTAL at the time of patient listing and
during follow-up as part of routine care. The study was con-
ducted according to French legislation stipulating that
anonymized research studies based on the national CRISTAL
registry do not require institutional review board or ethics
approval.
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Statistical analysis

All results were first summarized overall and subsequently
stratified according to the three groups of furosemide equiv-
alent doses.

Baseline continuous variables are expressed as medians
with interquartile 25–75% (IQ25–75%) range or as means
(± standard deviation). Comparisons of continuous variables
were carried out using the Kruskal–Wallis test and t-test as
required. Categorical variables are expressed as frequencies
(percentages) and compared using the χ2 test. The
two-tailed significance level was set at P < 0.05. Due to the
use of B-type natriuretic peptide (BNP) or N-terminal pro-B-
type natriuretic peptide (NT-proBNP) depending on the
collection year and centres, a combined BNP or NT-proBNP
Z-score value was created.

Survival probabilities are graphically represented as
Kaplan–Meier curves. Cox proportional hazard regression
was used to examine the association between furosemide
equivalent dose groups and primary and secondary out-
comes. Competing risk on HT waitlist (non-urgent HT,
delisting for aggravation, urgent HT, or LVAD implantation,
as appropriate) was taking account by using cause-specific
hazard function introduced by Fine and Gray.10 To further as-
sess the added value of the diuretic dose on top of other con-
gestion variables, we constructed a multivariable model ad-
justed for age, gender, estimated glomerular filtration rate
(eGFR), bilirubin, and BNP/NT-proBNP Z-score.

All analyses were performed using SPSS Version 27.0.1.0
(IBM SPSS Statistics for Windows, NY: IBM Corp) and R soft-
ware Version 4.1.2 (R Foundation for Statistical Computing).

Results

Baseline characteristics

Among the 700 studied patients, median age was 55 (47–61)
years and 70% were men; 43% had dilated cardiomyopathy
and 31% had ischaemic cardiomyopathy. The population pre-
sented a low level of comorbidities (22% hypertension and
16% diabetes). Median HF duration was 8.7 years, and ejec-
tion fraction was 25 (20–33)%. Median eGFR and
NT-proBNP were 62.2 (48.5–81.3) mL/min/1.73 m2 and
2290 (1297–4198) ng/L, respectively (Table 1). Overall di-
uretic dose was 100 (40–250) mg.

Association between diuretic dose and
congestion variables

NT-proBNP (P < 0.001), creatinine (P < 0.001), total bilirubin
levels (P = 0.002), pulmonary artery pressures (P < 0.001), Ta
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pulmonary capillary wedge pressure (PCWP) (P < 0.001), and
heart rate (P < 0.001) gradually increased with diuretic dose
(Table 2). Conversely, natraemia, eGFR, and peak VO2 de-
creased with diuretic dose (P < 0.001 for all).

Outcomes on heart transplant waitlist

During a mean follow-up of 278 days, there were 158 com-
posite outcomes of waitlist death or urgent HT: 47 waitlist
deaths and 111 urgent HTs.

Overall, ‘high dose’ patients had the worst prognosis
whereas ‘low dose’ patients experienced the best outcome.
At 12 months, waitlist mortality occurred in 2 (1.0%), 19
(5.2%), and 13 (9.8%) patients for ‘low dose’, ‘intermediate
dose’, and ‘high dose’ profiles, respectively (log-rank
P < 0.001; Figure 1). At 12 months, waitlist death or urgent
HT occurred in 15 (7.4%), 70 (19.2%), and 34 (25.6%) patients
for ‘low dose’, ‘intermediate dose’, and ‘high dose’ patients,
respectively (log-rank P = 0.001; Figure 1).

Predictors of primary outcome (waitlist mortality
or urgent heart transplantation)

In raw analyses, significant associations with primary out-
come were observed for ‘intermediate dose’ and ‘high dose’
patients (Table 3). These associations remained significant af-
ter adjustment only in ‘high dose’ patients with a 48% in-
crease for the ‘intermediate dose’ group [hazard ratio (HR),
95% confidence interval (CI), 1.48, 0.95 to 2.31; P = 0.081]

whereas ‘high dose’ diuretics were associated with a
two-fold increase in this outcome (HR 2.23, 1.33 to 3.73;
P = 0.002).

Predictors of waitlist mortality

In crude analyses, significant associations with waitlist death
were observed only for ‘high dose’ patients (Table 3). A ‘high
dose’ was associated with a six-fold increase in this outcome
(HR 5.61, 2.11 to 14.90; P < 0.001). In multivariable models
adjusting for congestion variables (including total bilirubin
and natriuretic peptides), association of ‘high dose’ with
waitlist death was stronger (HR 6.18, 2.16 to 17.72;
P < 0.001). The intermediate dose was not significantly asso-
ciated with waitlist death after adjustment (Table 3).

Predictors of other outcomes on heart transplant
waitlist

‘High dose’ profiles were also associated with the combined
outcome of waitlist mortality, urgent HT, or LVAD implanta-
tion and with the combined outcome of waitlist mortality,
delisting for aggravation, urgent HT, or LVAD implantation
in crude analysis (HR 2.06, 1.36 to 3.11; P < 0.001 and HR
2.02, 1.39 to 2.93; P < 0.001, respectively) and after adjust-
ment including congestion parameters (HR 1.97, 1.23 to
3.15; P = 0.004 and HR 1.99, 1.30 to 3.05; P = 0.001,
respectively).

Figure 1 Likelihood of different outcomes according to quartiles of furosemide equivalent dose. LVAD, left ventricular assist device.
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Sensitivity analysis

The quartile or modified (rounded to 40 mg multiple) quartile
analyses revealed a non-significant rise in risk for Quartiles 2
and 3. However, it was only the quartile representing a daily
furosemide dose exceeding 250 mg that exhibited a signifi-
cant association with the outcomes (Supporting Information,
Table S1).

When dichotomized (≤20 and >20 mmHg), PCWP was
added in addition to Model 2, and the results remained sta-
tistically significant in the ‘high dose’ group (P-value < 0.05
for all), with no significant interaction between diuretic dose
and dichotomized PCWP (Supporting Information, Table S2).

Discussion

In the present study, we report the prognostic value of
high-dose loop diuretics in a cohort of patients with ad-
vanced HF listed for HT. We found a significant and sizeable
association between diuretic dose, haemodynamic conges-
tion status, and prognosis on the waitlist in this specific pop-
ulation. This suggests that congestion (and its treatment) re-
mains an important issue in advanced HF. Diuretic dose
should be perceived as an important risk stratifier in patients
awaiting HT.

Prognosis of high diuretic dose

The effects of diuretics in chronic HF on morbidity and mor-
tality have yet to be studied in large prospective randomized
controlled trials. However, many observational studies have
found an association between diuretic prescription and
outcome,5,11–13 indicating that loop diuretics are powerful
prognostic markers. In the EMPHASIS trial, loop diuretic use
at baseline was associated with the risk of cardiovascular
death or HF hospitalization in a stepwise manner, with a dou-
bling of the risk for patients receiving between 1 and 40 mg
of furosemide and a three-fold increase for those receiving
more than 40 mg.5 In a post hoc analysis of Studies Of Left
Ventricular Dysfunction (SOLVD), loop diuretic treatment
was associated with a greater risk of hospitalization or death
[risk ratio (RR) = 1.31, 1.09 to 1.57] compared with patients
without diuretics.13 In a propensity match study, Ahmed
et al. found a 31% increased risk of death in patients with
diuretics.12 The relationship between loop diuretic dose and
prognosis was investigated more recently in two different
studies using propensity score.14,15 Dini et al. showed that
the risk of death increased linearly across quartiles of furose-
mide dose in a population of HF outpatients (HR 1.38, 95% CI
1.14 to 1.68). The median furosemide dose was 25 mg
reflecting a low-risk population. In this latter study, a daily
dose of 50 mg was identified as the best threshold value to
predict a high risk of death within 3 years. This threshold
appears concordant with the threshold set in our study

Table 3 Unadjusted and adjusted association of furosemide dose groups with outcomes

Furosemide
equivalent dose

0–40 mg (n = 202)

Furosemide
equivalent dose

41–250 mg (n = 365)

Furosemide
equivalent dose

>250 mg (n = 133)

Univariate model
Waitlist mortalitya Ref 2.48 (0.95–6.48)

P = 0.064
5.61 (2.11–14.90)

P < 0.001
Waitlist mortality or urgent heart transplantationb Ref 1.66 (1.10–2.51)

P = 0.017
2.45 (1.56–3.87)

P < 0.001
Waitlist mortality, urgent heart transplantation,
or LVAD implantationc

Ref 1.45 (1.00–2.09)
P = 0.047

2.06 (1.36–3.11)
P < 0.001

Waitlist mortality, delisting for aggravation,
urgent heart transplantation, or LVAD implantationd

Ref 1.34 (0.96–1.87)
P = 0.084

2.02 (1.39–2.93)
P < 0.001

Adjusted model for age, gender, estimated glomerular filtration rate, BNP/NT-proBNP Z-score, and total bilirubin
Waitlist mortalitya Ref 2.45 (0.87–6.92) P = 0.091 6.18 (2.16–17.72)

P < 0.001
Waitlist mortality or urgent heart transplantationb Ref 1.48 (0.95–2.31)

P = 0.081
2.23 (1.33–3.73)

P = 0.002
Waitlist mortality, urgent heart transplantation,
or LVAD implantationc

Ref 1.35 (0.91–2.01)
P = 0.130

1.97 (1.23–3.15)
P = 0.004

Waitlist mortality, delisting for aggravation,
urgent heart transplantation, or LVAD implantationd

Ref 1.29 (0.90–1.86)
P = 0.170

1.99 (1.30–3.05)
P = 0.001

LVAD, left ventricular assist device.
Bolded values are used to highlight significant results and facilitate reading. Bold highlighting can be removed.
aThe Fine–Gray subdistribution hazard model with non-urgent heart transplantation, delisting for aggravation, urgent heart transplanta-
tion, or LVAD implantation as a competing risk event.

bThe Fine–Gray subdistribution hazard model with non-urgent heart transplantation, delisting for aggravation, or LVAD implantation as a
competing risk event.

cThe Fine–Gray subdistribution hazard model with non-urgent heart transplantation or delisting for aggravation as a competing risk
event.
dThe Fine–Gray subdistribution hazard model with non-urgent heart transplantation as a competing risk event.
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between ‘low dose’ patients (furosemide equivalent
dose ≤ 40 mg) vs. ‘intermediate dose’ and ‘high dose’ pa-
tients. Similarly, in a population of symptomatic HF of ischae-
mic aetiology, composite outcomes of cardiovascular death
or hospitalization associated with low-, medium-, and
high-dose groups were 1.71 (1.41–2.06), 1.99 (1.50–2.64),
and 2.94 (1.95–4.41), respectively.15 In our study, in the spe-
cific population of patients awaiting HT, the ‘high dose’ group
was significantly associated with a six-fold increased risk of
waitlist death and a two-fold risk of a composite outcome
of waitlist death or urgent HT after adjustment for confound-
ing factors. Loop diuretic dose consequently appears as a
strong risk marker of outcome in a wide range of HF patients
as it is still sizably associated with outcome in extreme pro-
files such as patients awaiting HT.

Diuretic dose and congestion in chronic settings

Diuretics have a class I recommendation to alleviate signs and
symptoms of congestion.1 The optimal diuretic dose in
chronic settings is unknown and in a recent statement from
the Heart Failure Association of the European Society of Car-
diology, it is advised to use to the lowest possible dose of di-
uretics with a need for individual adjustment.16 In the latest
guidelines, the objective of diuretics is to obtain euvolaemia,
despite the absence of ‘consensual definition’.1 Indeed, in a
recent meta-analysis including 13 studies and over 8000 pa-
tients, patients who achieved euvolaemia had a better prog-
nosis even in the presence of worsening renal function (WRF)
than those without WRF or decongestion.17 Our study pro-
vides further, novel findings on the relationship between loop
diuretic dose and decongestion. Interestingly, congestion in-
creased concomitantly with diuretic dose. Indeed, pulmonary
artery pressure, PCWP, and NT-proBNP were progressively
higher from the ‘low dose’ group to the ‘high dose’ group,
hence reflecting the inability of loop diuretics to reach
euvolaemia in certain patients in a ‘real life’ cohort of severe
patients awaiting HT. Many strategies have been proposed to
obtain euvolaemia in congestive patients under loop di-
uretics, including an increase in routine loop diuretic dosage,
use of adjunct continuous or bolus intravenous diuretics, and
addition of thiazide,18,19 acetazolamide,20 or tolvaptan.21 All
these combinations were associated with increased natriure-
sis and diuresis in acute settings, although none of these
strategies were assessed in chronic HF. In a recent position
statement paper, experts indicated that it may be necessary
to increase the treatment dose after an acute decompensa-
tion for patients already on loop diuretics at admission.16

However, in the ASCEND-HF trial, change in dosage at dis-
charge was not associated with improved outcomes com-
pared with no dose change (adjusted odds ratio 0.92, 0.79
to 1.07).22

Risk marker or risk factor

Although the design and purpose of this study were not to as-
sess the toxicity of loop diuretics, a ‘high dose’ defined by a
daily dose of furosemide equivalent > 250 mg was associated
with outcomes even after adjusting for other severity param-
eters. This threshold is close to the experts’ definition of di-
uretic resistance (160 mg twice daily of furosemide or
equivalent).23 Unlike a previous study published by Pellicori
et al. in a less ill population,24 we found that diuretic dose
was independently associated with outcome even after
adjusting for natriuretic peptides, hepatic, and renal
functions.

Pathophysiological hypotheses have recently emerged to
better understand the role of diuretics in cardiorenal interac-
tion. Indeed, it has been shown that the use of diuretics is as-
sociated with a decrease in the excretion of trimethylamine
N-oxide causing renal and plasma accumulation.25 This
uraemic toxin is associated with an increased risk for
all-cause mortality at 5 years in patients with chronic kidney
disease (CKD) and in normal populations26 as well as the risk
of death and/or rehospitalization for HF in patients hospital-
ized for acute HF.27 Moreover, all diuretic classes lead to a
sustained increase in plasma renin activity with a gradual ef-
fect related to their natriuretic and diuretic efficacy (loop
diuretics > thiazide > MRA).28 This adaptive compensatory
system could potentially participate in the long-term progres-
sion of HF and CKD, particularly in advanced HF, when pa-
tients are intolerant to drugs blocking the renin-angioten-
sin-aldosterone system (or treated with a suboptimal dose).

Diuretic dose thus appears to be both a risk factor for the
cardiorenal syndrome29 and a risk marker. Indeed, it inte-
grates cardiovascular risk factors (hypertension and diabetes
mellitus), severity of cardiac and renal disease (higher
NT-proBNP and lower eGFR and peak VO2), and congestive
state (residual congestion despite high diuretic dose). Never-
theless, the fact that diuretics maintained a significant associ-
ation with prognosis even after adjusting for these factors
suggests that the prognostic value of diuretic dose extends
beyond their influence.

Clinical implications

A ‘high diuretic dose’ identifies patients with advanced HF
featuring a more congestive profile. Such profile may be
due to the presence of residual congestion,30,31 which is asso-
ciated with worse outcome, rather than the higher diuretic
dose itself. Indeed, residual congestion has been shown to
be related to worse outcome throughout the patient
journey31 and should consequently be repeatedly evaluated,
possibly using ultrasound approaches,30–32 to adapt conges-
tion treatment. Using wireless pulmonary artery haemody-
namic monitoring33 or ultrasound imaging of inferior vena
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cava or renal veins could be of particular interest in this
context.32 Future studies investigating the effects of diuretic
‘optimization’ based on more advanced assessments of con-
gestion are needed to better ascertain the long-term prog-
nostic effects of loop diuretic exposure. Optimal dosage, the
possibility of a decrease in diuretic dose and the use of thia-
zide or acetazolamide as co-diuretics, in chronic settings
should be prospectively assessed in future studies.

Diuretic dose appears as an integrator of cardiorenal risk
factors and a strong prognostic marker in patients with se-
vere HF. A furosemide equivalent dose> 250 mg may be pro-
pitiously considered as a red flag for adverse cardiovascular
outcomes and should encourage close monitoring into ter-
tiary centre. This parameter could also be useful to take into
account to optimize access to transplantation and/or the
timing of mechanical cardiac support implantation.

Limitations

The present study was an observational study and loop di-
uretic dose was only assessed at time of listing for HT as were
the proper catheter and biological parameter assessments.
First, we noted a median interval of 2 months between right
heart catheterization and listing for HT. Given that this study
primarily involved outpatients, the probability of a substantial
alteration in diuretic dose within this timeframe is minimal.
Furthermore, it is important to note that diuretic dose is
not a criterion for the graft allocation score, thus ruling out
the possibility of adjusting the dose to enhance priority for
HT. Second, the inclusion of renal function evolution over
time, stratified by furosemide dose, would have been valu-
able in determining whether patients with higher diuretic
doses are at an elevated risk for renal complications. Third,
while this is a nationwide study, given that HT implementa-
tion differs worldwide, association of diuretic dose with out-
come may vary according to geographical context.

Conclusions

Diuretic dose is a strong predictor of outcome in advanced
HF. High-dose furosemide (>250 mg) is associated with
waitlist death and a composite of waitlist death or urgent
transplantation in ambulatory advanced HF patients awaiting
transplantation.
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