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Abstract
Heart failure is a common clinical syndrome with symptoms and signs caused by cardiac dysfunction with inability of the heart to supply the metabolic demands of 
peripheral tissues with the required amount of blood and oxygen. HF is a chronic condition that may worsen acutely. This condition, known as decompensated heart 
failure, presents with symptoms and signs related to congestion. Although diuretics are drugs of first choice to control fluid retention, diuretic therapy is still empirical 
and no conclusive data are available on how these drugs should be managed in decompensated heart failure.

Here, we review the role of the different diuretics in decompensated heart failure and we illustrate the different strategies of diuretic therapy that have been proposed 
in literature.
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Introduction 
Heart failure (HF) is defined by The Task Force for the diagnosis and 

treatment of acute and chronic HF of the European Society of Cardiology 
(ESC), as a “structural and/or functional cardiac abnormality, resulting 
in a reduced cardiac output and/or elevated intracardiac pressures at 
rest or during stress” [1]. Clinical symptoms are breathlessness, ankle 
swelling and fatigue and other signs (such as elevated jugular venous 
pressure, pulmonary crackles and peripheral oedema) may accompany 
them [1]. Diagnosis can be made in subjects with symptoms of HF 
at rest or during exercise with objective evidence of systolic and/or 
diastolic cardiac dysfunction at rest. In uncertain cases, the favorable 
response to treatment confirms the diagnosis of HF [1,2]. HF is mostly 
a chronic condition characterized by episodic worsening of symptoms 
and signs that may require hospitalization or outpatients’ visits. HF may 
also present acutely (AHF) within 24 hours, as acute pulmonary edema, 
or cardiogenic shock, or acute worsening of a chronic HF [3]. This last 
condition is properly a decompensation of HF (ADHF) with signs and 
symptoms of congestion and fluid retention due to the lack of those 
compensatory mechanisms that maintain the hemodynamic stability 
despite worsening of left ventricular function [4]. 

The prevalence and incidence increase progressively with age, 
with an overall prevalence estimated of 2.6% [5] and an incidence of 
5-10 per 1,000 subjects per year [3]. HF is becoming more common 
due to better care and treatment of coronary artery disease, valvular 
disease and hypertension, and to the longer life expectancy in the 
general population [6]. HF mortality has declined over the time due 
to introduction of medications and devices that improve survival [1]. 

Despite improvements in the treatment, HF diagnosis is still 
associated with high hospitalization and mortality. In the United States 
in 2014, 900,000 hospital discharges were registered for HF [7]. The 
incidence of hospitalization for HF in patients over 55 years was 11.6 
per 1,000 people per year and recurrent hospitalization for HF was 6.6 
per 1,000 people per year [7]. Overall, median length of hospitalization 
has been estimated in 8 days with a range between 4 and 11 days, 
whereas the 30-day HF readmission rate is 5.6% [8]. Overall in-patient 
mortality rate has been recently evaluated at 9.6% [9], whereas the 
estimated survival is 72-75% at 1 year and 35-52% at 5 years [10].

Diuretic therapy in HF
Diuretics are a wide group of different drugs used in diverse 

therapeutic settings. In HF, they are used as first-line therapy to relieve 
symptoms and signs, and to reduce the episodes of decompensation, 
thus preventing hospitalization. They induce a rapid improvement of 
dyspnea and increase exercise tolerance, but evidence on their ability to 
prevent mortality is still controversial [11]. In the short term, they affect 
symptoms of fluid congestion, since they reduce the volume overload 
by increasing urinary flow and water excretion.

As shown in Table 1, most of diuretics act at different sites in the 
nephron by reducing sodium chloride reabsorption that in turn results 
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in an increase of urinary sodium and water loss. Diuretics work on 
specific transporters that reabsorb sodium and chloride. With the 
exception of spironolactone and its analogue, all the transporters 
specifically inhibited by diuretics are on the luminal face of the tubule. 
Therefore, to reach their target, diuretics must diffuse or be secreted 
into the tubular fluid [12]. Among the different groups of drugs, those 
of interest in HF therapy are loop diuretics (LD), thiazides, potassium-
sparing diuretics and carbonic anhydrase inhibitors.

LD are the inhibitors of the Na+/K+/2Cl- symport in the thick 
ascending limb of the loop of Henle, thus affecting both Na+ and Cl- 
reabsorption. These diuretics are the strongest diuretics because the loop 
of Henle is the region of the nephron that -being without aquaporins- 
has the capacity to reabsorb most of the sodium. Therefore, natriuresis 
induced by diuretics is accompanied by water loss. The amount of 
diuresis is directly related to the dose of drug delivered, since diuresis 
increases as the loop diuretic increases in dose [12]. 

Available LD are furosemide, torsemide, bumetanide and 
ethacrynic acid. They are highly protein-bound and they must be 
secreted into the lumen [13] to reach their site of action. Furosemide 
is the most used diuretic drug of this class. Fifty percent of furosemide 
is excreted unchanged as active drug into the lumen, whereas the 
other 50% is conjugated to glucuronic acid by the kidney. Thus, in 
renal insufficiency the plasma half-life of furosemide is prolonged 
since both urinary excretion and renal conjugation are decreased [14]. 
Absorption of furosemide is erratic ranging from 10% to 100% both 
from patient to patient, as well as in the same patient (Table 1). In 
patients with congestive HF, the oral absorption of furosemide and of 
the other LD can be slowed by the congestion of the intestinal walls, 
hence the drug may not reach the threshold concentration to induce 
diuresis [14,15]. Absorption of bumetanide and torsemide is quite 
complete. These two drugs have a longer duration effect but are more 
expensive and not available in many countries [16]. The plasma half-
lives of LD range from 1 hour (bumetanide) to 3-4 hours (torsemide), 
with an intermediate half-life for furosemide (Table 1). Therefore, 
during therapy, there is a considerable time in which the drug does 
not reach adequate concentration at the site of action with the possible 

reabsorption of sodium that can override the natriuresis induced by LD 
[17]. Possible side effects related to LD are represented by hyponatremia, 
hypokalemia, hypocalcaemia, hypomagnesaemia [18] and ototoxicity 
(Table 2) [12]. The latter is dose dependent and it is due to the action 
of LD on a chloride channel of the inner ear, almost identical to the 
symport present in the loop of Henle [12].

Loop diuretics: not the only ones. Thiazide or thiazide-
like diuretics

There are other classes of diuretics that can be useful in the 
management of HF, especially in diuretic resistance, a problem that will 
be dealt with later.

Thiazide diuretics encompass a large class of agents that block the 
sodium-chloride co-transporter (NCC) in the distal convoluted tubule 
(Table 1) [19], thus exhibiting a synergistic action with the LD, which 
cause sodium avidity in the distal tubule. The different molecules 
(hydrochlorothiazide, chlortalidone, chlorothiazide and metolazone) 
have a similar blocking effect on NCC, but they differ in terms of half-
lives and off-target effect (Table 1) [20]. In contrast with LD, metolazone 
and chlortalidone have a slow gastrointestinal absorption and a longer 
half-life, while chlorothiazide has a shorter half-life, differences that 
should be remembered when co-administered with LD. It is known that 
the natriuresis induced by these agents is lower (maximum 30-40%) 
[19] compared to LD but the rationale for their use in HF is based on 
the finding of increased distal nephron sodium avidity in the case of 
loop diuretic administration [21]. Furthermore, there is evidence that 
these drugs are effective even in patients with glomerular filtration 
less than 30 ml/min [22]. However, they should be used with caution, 
remembering that they are more often associated with hypokalemia 
and hyponatremia [23]. Therefore, they should be used as a second-
line agent in a stepped pharmacologic algorythm, in case of congestion 
"resistant" to high doses of LD, as recommended by the Heart Failure 
Society of America [24].

Mineralocorticoid receptor antagonists (MRA)
The mineralocorticoid blockers, spironolactone and eplerenone, 

act within cells and do not require secretion into the tubule lumen. 

Acetazolamide Loop diuretics Thiazide-like diuretics MRA
Site of action Proximal nephron Ascending loop of Henle Early distal convoluted tubule Late distal tubule

Starting dose/usual
chronic dose (mg)

Oral: 250–375
Intravenous: 500

Furosemide: 20–40/40–240
Torsemide: 5–10/10–20

HCTZ: 25/12.5–100
Metolazone: 2.5/2.5–10

Chlorthalidone: 25/25–200
Chlorothiazide: 500–1000
(IV formulation available)

Spironolactone: 25/25–50
Eplerenone: 25/25–50
Potassium canrenoate:

25–200/not for
chronic use

Maximum dose (mg) Oral: 500 3x/day
Intravenous: 500 3x/day

Furosemide: 400–600
Torsemide: 200–300

HCTZ: 200
Metolazone: 20

Chlorthalidone: 100
Chlorothiazide: 1000

50–100 (doses up to 400
are used in hepatology)

Half-life 2.4–5.4 h Furosemide: 1.5–3.0 h
Torsemide: 3–6 h

HCTZ: 6–15 h
Metolazone: 6–20 h

Chlorthalidone: 45–60 h

Canrenone: 16.5 h
Eplerenone: 3–6 h

Oral bioavailability
Absorption is dose-dependent,

dose >10mg/kg exhibit
variable uptake

Furosemide: 10–100%
Torsemide: 80–100%

HCTZ: 65–75%
Metolazone: 60–65%f

Chlorthalidone: unknown
Chlorothiazide: 9–56%

Spironolactone: ∼90%
Eplerenone: 69%

Potency (FENa%) 4,00% 20–25% 5–8% 2,00%

Table 1. Pharmacology of diuretics

FENa = fractional excretion of sodium; HCTZ = hydrochlorothiazide; MRA = mineralocorticoid receptor antagonists.
Adapted from “The use of diuretics in heart failure with congestion - a position statement from the Heart Failure Association of the European Society of Cardiology”. Eur J Heart Fail. 
2019;21:137-155
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They modulate the expression of sodium and potassium channels in 
the distal nephron, induce poor natriuresis but they antagonize the 
adverse effects of hyperaldosteronism, particularly cardiac fibrosis. A 
remarkable reduction in mortality, risk of hospitalization and symptoms 
with their use were also demonstrated, as reported for spironolactone 
in the RALES study [25] and in the EPHESUS trial for the eplerenone 
[26]. For these reasons, these drugs have a class I recommendation as a 
disease modifying therapeutic agent in symptomatic chronic HF with 
ejection fraction below 35%. In a more recent trial (ATHENA-HF) [27], 
spironolactone did not improve the primary end point of decongestion 
or secondary end points, including amelioration in symptoms and 
congestion. Potassium concentration in plasma was not affected 
however, suggesting incomplete mineralocorticoid receptor blockade 
[28]. Finally, MRA might be useful in offsetting the hypokalemic effect 
of potassium-wasting loop and thiazide diuretics.

Acetazolamide
The last group of diuretics of some interest in the therapy of HF 

is carbonic anhydrase inhibitor: acetazolamide is the only one with 
relevant diuretic effects. It acts on the proximal tubule [12]. In HF, 
it has a limited use because of the transient effect on diuresis and of 
the risk of metabolic acidosis with its prolonged administration. It 
may be useful to correct metabolic alkalosis that can happen with 
vigorous therapy with thiazide or loop diuretics [19]. A multicenter, 
randomized, double-blind trial of the diuretic effects of Acetazolamide 
in Decompensated heart failure with Volume OveRload (ADVOR) will 
investigate if combination therapy with acetazolamide improves loop 
diuretic response to increase diuresis in decompensated heart failure 
patients [29]. Observational studies have only assessed the role of 
intravenous acetazolamide, and no data are available supporting the 
role of oral acetazolamide.

Primum non nocere: renal failure and adverse events
The most common concern of the clinician in the management of 

diuretic therapy is renal failure, as this may precede but also complicate 
the treatment of HF. There is a highly interdependent relationship 
between the kidney and the heart, and an acute or chronic dysfunction 
in one organ may induce acute or chronic dysfunction in the other, 
namely the cardiorenal syndrome (CRS) [30]. LD have multiple effects 
on neurohormonal activation and renal and systemic hemodynamics 
that can predispose to kidney injury. Worsening kidney function in 

AHF (type 1 CRS) is associated with higher re-hospitalization rates and 
mortality [31]. Determining the significance of fluctuations in kidney 
function that meet the criteria for acute kidney injury (AKI) in the 
context of CRS represents a core challenge in its definition, particularly 
in the setting of AHF. In AHF, decongestive therapies may complicate 
the assessment of biomarkers of renal function (especially for serum 
creatinine and urine output) [19]. It is thus essential to distinguish a 
true AKI, with tubular lesion and pseudo-AKI, to prevent sub-optimal 
administration of appropriate targeted therapies such as decongestion 
and inhibition of the renin-angiotensin-aldosterone system (RAAS) in 
CRS [32]. Several studies have assessed the clinical benefit of different 
dosing protocols for LD in AHF and their effect on kidney function. In 
the DOSE-AHF Trial [33], there was a trend in favor of the high-dose 
strategy compared with the standard dose in symptom improvement 
(P=0.06), without a significant difference change in renal function 
(P=0.21). In an ancillary study of ROSE-AHF [34], investigators 
measured biomarkers of kidney injury in individuals taking high-
dose furosemide. In this analysis, kidney tubular injury detected by 
biomarkers did not appear to have an association with worsening renal 
function in the context of aggressive diuresis of individuals with AHF. 
These studies in AHF would suggest that LD per se may not contribute 
to a biomarker-associated renal injury, and a decrease in the eGFR may 
be a surrogate for severity of cardiac disease. In fact, post hoc analyses 
of large trials suggest that those who experience a moderate increase 
in creatinine (worsening kidney function) may actually have a better 
prognosis than those who do not [35]. Furthermore, without guidance 
from assessment of blood volume, rate of plasma refill, or measures of 
acute tubular injury, it is clear that the use of diuretics in HF is empirical 
without a proven strategy associated with favorable outcomes from 
either observational studies or randomized trials. This raises hopes for 
future trials guided by these parameters to improve outcomes compared 
with usual care [30].

The adverse effects of diuretic therapy are related to the site and to 
the mechanism of action. Common side effects are listed in Table 2 [35].

Diuretic resistance
Diuretic resistance is defined as a failure to achieve an appropriate 

state of decongestion despite a full dose of diuretics [36]. Diuretic 
resistance is a common problem, it is reported in up to a third of HF 
patients hospitalized with worsening symptoms and it is associated 
with poor prognosis. Removal of excessive fluid is usually achieved by 

Loop diuretics

Hypersensitivity reactions
Extracellular fluid volume depletion
Hypokalemic alkalosis
Hypomagnesemia
Ototoxicity

Thiazide or thiazide-like diuretics

Hypersensitivity reactions
Hyponatremia
Hypokalemic alkalosis
Hyperglycemia / Diabetes
Hyperuricemia / gout
Hypomagnesemia
Hypokalemia and prerenal azotemia, when combined with loop diuretics

Mineralcorticoid receptor antagonist (MRA)

Hypersensitivity reactions
Hyperkalemia
Metabolic acidosis
Azotemia
Azotemia, vaginal bleeding (spironolactone)

Table 2. Common side effect of diuretics
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a combination of salt restriction and LD, but in some cases congestion 
persists despite adequate diuretic therapy. The exact prevalence 
of diuretic resistance in the HF population is unknown due to the 
heterogeneity of the population studied, the different treatment 
regimens, as well as to the different definitions used in various clinical 
trials [37]. HF shifts the dose-response curve for LD downward and 
to the right. Thus, a higher starting dose of LD is needed in order to 
achieve the same level of sodium excretion [38]. The magnitude of 
natriuresis following a defined dose of diuretics declines over time, 
even in normal subjects. This is the so-called “braking phenomenon” 
and it is the result of both hemodynamic changes at the glomerulus 
as well as adaptive changes in the distal nephron [39]. Establishing 
the cause of diuretic resistance is important because it directly gives 
the options for intervention. For example, diuretic resistance is often 
treated effectively by combining a LD with another type of diuretic [40]. 
The different mechanisms which explain the diuretic resistance will be 
discussed below.

LD activate the renin-angiotensin-aldosterone system and the 
sympathetic nervous system, both of which tend to reduce renal blood 
flow and increase reabsorption of sodium in the proximal and distal 
tubule. Absolute or relative decreases in intravascular volume with 
ongoing diuretic therapy lead to a decrease in the amount of sodium 
filtered by the glomerulus and an increase in the amount of sodium 
reabsorbed [17]. Chronic LD therapy also leads to structural changes in 
the kidney itself, particularly hypertrophy of the epithelial cells in the 
distal tubules, which increase distal reabsorption of sodium and reduce 
sodium excretion and diuresis [41]. The combined effects of HF, frequent 
concomitant renal insufficiency, and physiological braking all contribute 
to the clinical phenomenon of diuretic resistance, in which patient have 
persistent evidence of volume overload but are progressively resistant 
to the effects of LD [42]. Another mechanism which could be involved 
is the decreased drug bioavailability, meaning that increased peripheral 
and bowel wall edema lead to reduced absorption of the diuretic, in 
particular with oral furosemide [43,44]. Other causes of drug resistance 
could be drug interactions: non-steroidal anti-inflammatory drugs, 
steroids or pioglitazone can reduce the effects of diuretics. To conclude, 
pseudo-resistance may exist, meaning poor compliance of the patient 
can be misinterpreted as diuretic resistance. A good clinical history can 
help in identifying this.

A response reduction to diuretic therapy is a common problem 
in patients with HF. While many studies tried to give an exact clinical 
definition of diuretic resistance, others tried to find a solution to solve 
the clinical problem. A possible way of overcoming diuretic resistance 
is to use infusion therapy to avoid the limitations of oral bioavailability. 
For patients refractory to escalating doses of intravenous diuretics, 
options include use of continuous infusion rather than intermittent 
boluses. Another approach is to administer two classes of diuretics 
together, a LD combined with a thiazide-like diuretic, thus performing 
a sequential nephron blockade [45]. In fact, the longer half-life of 
thiazide diuretics helps to counteract the rebound post-diuretic effect 
[46]. Moreover, thiazide-type diuretics inhibit sodium reabsorption in 
the distal nephron and primarily are useful for patients who have distal 
nephron hypertrophy and hyperfunctioning due to chronic treatment 
with LD [47]. This approach requires very close monitoring as it can lead 
to electrolyte disturbance, hypotension, dehydration, and worsening 
renal function. Restricting excessive dietary sodium and fluid intake 
can also help reduce diuretic resistance by reducing sodium and fluid 
load arriving at the nephron level. This strategy can be unpleasant for 
patients and it is unusual for a patient to be able to tolerate less than 1.5 
liters of daily fluid intake for more than a few days [48].

How to evaluate diuretic response
The mostly used parameters to evaluate response to diuretic 

therapy are usually body weight and daily diuresis. Even though it 
seems easy to gather them, this does not always correspond to reality. 
As a matter of fact, daily weight is a measure which must be taken in a 
precise way in order to be helpful, meaning weighing the patient with 
the same device, same clothes, etc.; moreover, daily weight does not 
always reflect changes in body fluid volumes and it can be influenced 
by other factors. Post-discharge changes in body weight only predicted 
re-hospitalization and were unrelated to mortality in one study [49], 
highlighting the limits of examining body weight alone. Other Authors 
found that diuretic dose did not predict weight loss [50,51].

As a result, considerable discrepancy between fluid balance and 
weight loss is a common issue in patients treated for acute decompensated 
HF. Awareness of the limits inherent to these commonly used metrics 
and efforts to develop more reliable measures of diuresis are critical for 
both patient care and research in acute decompensated HF [52].

A new parameter, which is gaining more and more importance, 
is urinary sodium. Diuretic response may be evaluated using urinary 
volume output and post-diuretic (spot) urinary sodium content. To 
allow for standardization and reliable results, patients presenting with 
congestion need to empty their bladder before the administration of 
diuretics. The degree of bladder emptying could potentially be checked 
using a bladder scan. Afterwards, determination of urinary spot sodium 
content allows the clinician to interpret diuretic response, thereby 
generating the opportunity to intervene if sodium content is low. In the 
event of congestion with volume overload, a spot urine sodium content 
of <50–70 mEq/L after 2 h, and/or an hourly urine output <100–150 
mL during the first 6 h, generally identifies a patient with an insufficient 
diuretic response [53-55].

A position statement from the Heart Failure Association of the 
European Society of Cardiology proposed a flowchart on the use of 
diuretics in HF and how to evaluate the response to diuretic therapy 
using these measures that we have summarized in Figure 1 [20,56].

Moreover, a study conducted by Jan Biegus et al enrolled 111 AHF 
patients to study the association of serial measurements of spot urinary 
sodium during the first 48 h of AHF treatment with the indices of 
decongestion, renal function, and prognosis. They concluded that low 
spot urinary sodium and lack to increase urinary sodium in response 
to intravenous diuretics are associated with poor diuretic response, 
markers of tubular injury and high risk of 1‐year mortality [57].

Is there a safer way to use diuretics: bolus versus 
infusion?

We have already mentioned that high doses of LD may have 
detrimental effects, including activation of renin-angiotensin and 
sympathetic nervous systems, electrolyte imbalance, and worsening of 
renal function [58]. Moreover, observational studies have demonstrated 
associations between high doses of diuretics and adverse clinical 
outcomes, such as renal failure, progression of HF, and death [50,59,60]. 
In the Studies of Left Ventricular Function Trial, the use of a diuretic 
was associated with a 37% increase in the risk of arrhythmic death after 
controlling for multiple other measures of disease severity [60]. Several 
other studies identified an association between higher doses of diuretics 
in patients and adverse outcomes in patients with ADHF [61,62] and 
advanced HF outpatients[63-65] and inpatients [50]. Analysis of 
the data from the Evaluation Study of Congestive Heart Failure and 
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Figure 1. Proposed algorythm on the use of diuretics in heart failure and on the evaluation of response to diuretic therapy (adapted from “The use of diuretics in heart failure with congestion 
– a position paper from the Heart Failure Association of the European Society of Cardiology”. Eur J Heart Fail. 2019;21:137-155)

https://www.ncbi.nlm.nih.gov/pubmed/30600580
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Pulmonary Artery Catheterization Effectiveness Study demonstrated 
a nearly linear relationship between LD dose and mortality over 6 
months of follow-up in patients hospitalized with advanced HF [50]. 
All such data may be highly confounded according by the clinical 
indication (i.e., patients who receive higher doses of diuretics usually 
have greater disease severity compared with patients who can be 
successfully treated with lower doses of diuretics). The concerns about 
safety and efficacy suggest the need to identify the better strategies 
for using LD in ADHF. In addition, ongoing uncertainty exists about 
the optimal route of administration of i.v. LD (bolus or continuous 
infusion). From the pharmacokinetics and pharmacodynamics points 
of view, there are potential benefits of continuous infusion when 
compared with intermittent bolus dosing. Bolus diuretic dosing may 
be associated with a higher rate of diuretic resistance due to prolonged 
periods of subtherapeutic drug levels in the kidney. For example, giving 
an i.v. bolus of furosemide twice-daily results in a 4- to 6-hour period 
of diuretic effect, followed by a 6- to 8-hour period of subtherapeutic 
diuretic concentration during which sodium reabsorption in the 
kidney may rebound, especially in the context of inadequate dietary 
sodium restriction [17]. Continuous infusion results in a more constant 
delivery of diuretic to the tubule, potentially reducing this phenomenon. 
Additionally, continuous infusion is associated with lower peak plasma 
concentrations, which may result in a lower incidence of side effects 
such as ototoxicity. In light of these uncertainties, the National Heart, 
Lung, and Blood Institute Heart Failure Clinical Research Network 
conducted the Diuretic Optimization Strategies Evaluation (DOSE) 
trial, a clinical trial of various diuretic strategies for patients with 
acute decompensated HF. In a prospective, double-blind, randomized 
trial, they assigned 308 patients with acute decompensated HF to 
receive furosemide administered intravenously by means of either a 
bolus every 12 hours or continuous infusion and at either a low dose 
(equivalent to the patient’s previous oral dose) or a high dose (2.5 times 
the previous oral dose). Among patients with acute decompensated 
HF, there were no significant differences in patients’ global assessment 
of symptoms or in the change in renal function when diuretic therapy 
was administered by bolus as compared with continuous infusion or 
at a high dose as compared with a low dose [33]. After this, several 
trials tried to evaluate and compare the two ways to administer 
diuretics in acute decompensated HF. A recent meta-analysis from 
the Cochrane Collaboration comprehensively evaluated the available 
literature [66] and identified studies including 254 patients who met 
rigorous analytic standards [67-73]. In general, continuous infusion 
was associated with greater urine output (Table 3), shorter length of 
hospital stay, less impairment of renal function, and lower mortality 
when compared with intermittent bolus dosing. Notably, however, 
almost all the conclusions of this meta-analysis were driven by a single 

study by Licata et al, which was substantially confounded by the use of 
hypertonic saline infusion in the continuous infusion group. In their 
conclusions, the Authors highlighted the poor quality of the available 
data and the need for methodologically conducted and adequately 
powered randomized trials [66,74]. We could mention many other 
examples. For instance, Palazzuoli et al found that, in the setting of 
ADHF, continuous  infusion  of LD  resulted in greater reductions in 
BNP from admission to discharge. However, this appeared to occur 
as the consequence of worsened renal filtration function, use of 
additional treatment, and higher rates of re-hospitalization or death 
at six months [75]. According to Ng et al, there was no difference 
between continuous  infusion  and  bolus  of furosemide for all-cause 
mortality, length of hospital stay and electrolyte disturbance, but 
continuous infusion was superior to bolus administration with regard 
to  diuretic  effect and reduction in brain natriuretic peptide [76]. To 
cite another trial, Kuriyama found no differences in hypokalemia, 
hyponatremia, increased serum creatinine level, and hypotension 
between the two regimens. Continuous  infusion  of furosemide –
compared to intermittent administration–, is associated with a greater 
body weight reduction and potential increase in 24-h urine output. 
The limited available evidence suggests no difference in adverse events 
between both strategies [77]. 

Taking into account all the aforementioned data, our conclusion 
is that to date there is no evidence of relevant differences between 
administering LD in bolus versus infusion in terms of effectiveness 
and safety. We suggest a case-by-case consideration, and maybe opt 
for bolus in younger and active patients, in order to allow them not 
to remain connected to their drip all day long, and prefer, instead, 
continuous infusion in patients who take high doses of oral diuretics at 
home or those with predisposing factors for diuretic resistance. 
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