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Diuretic therapy in heart failure: current controversies and
new approaches for fluid removal
Filippo Brandimartea, Gian Francesco Mureddub, Alessandro Boccanellic,
Giuseppe Cacciatored, Camillo Brandimartee, Francesco Fedelef

and Mihai Gheorghiadeg
Hospitalization for heart failure is a major health problem

with high in-hospital and postdischarge mortality and

morbidity. Non-potassium-sparing diuretics (NPSDs) still

remain the cornerstone of therapy for fluid management in

heart failure despite the lack of large randomized trials

evaluating their safety and optimal dosing regimens in both

the acute and chronic setting. Recent retrospective data

suggest increased mortality and re-hospitalization rates in a

wide spectrum of heart failure patients receiving NPSDs,

particularly at high doses. Electrolyte abnormalities,

hypotension, activation of neurohormones, and worsening

renal function may all be responsible for the observed poor

outcomes. Although NPSD will continue to be important

agents to promptly resolve signs and symptoms of heart

failure, alternative therapies such as vasopressine

antagonists and adenosine blocking agents or techniques

like veno-venous ultrafiltration have been developed in an

effort to reduce NPSD exposure and minimize their side

effects. Until other new agents become available, it is

probably prudent to combine NPSD with aldosterone
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blocking agents that are known to improve outcomes.
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Introduction
Heart failure with volume overload account for 90% of

the 1 million heart failure hospitalizations that occur

annually in the United States [1,2]. The European

scenario is equally alarming [3,4]. Despite improvements

in primary prevention measures and disease manage-

ment, this syndrome still represents a unique challenge

for clinicians for both the high mortality and rehospita-

lization rates and the associated health costs [1–6].

Given the fact that the main reason for heart failure

hospitalization appears to be dyspnea, as a result of

pulmonary congestion, non-potassium-sparing diuretics

(NPSDs) remain the cornerstone of heart failure therapy

for they promptly and effectively resolve signs and

symptoms of an acute decompensation and maintain

an optimal fluid balance in the chronic setting [7,8].

Multiple data from international registries and large

clinical trials demonstrate that more than 80% of patients

were receiving NPSDs and, in the majority of cases, loop

diuretics [1–6].

The acceptance of NPSDs into the heart failure treat-

ment paradigm is largely based on clinical small, non-
randomized studies conducted over the past 40 years

without the benefit of large, multicenter randomized

trials. As a result, the best strategy for their use (dose

and modality of administration) is unclear. Consequently,

although both the American and European guidelines

recommend their use for the management of fluid over-

load or in asymptomatic patients with prior symptoms,

these recommendations are mainly based on level C

evidence [9,10].

There is growing literature showing an association

between NPSD use and increased mortality and re-

hospitalization in patients with both chronic and acute

heart failure, particularly when high doses are adminis-

tered. Retrospective analyses of large trials and multiple

small studies lead to the hypothesis that NPSD may

contribute to the high in-hospital and postdischarge

event rates observed in this population.

Non-potassium-sparing diuretics and
outcomes in heart failure
Small studies have associated loop diuretic therapy for

heart failure with short-term adverse clinical outcomes,
thorized reproduction of this article is prohibited.
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particularly at high doses, raising concerns about its

toxicity [11,12].

Retrospective analyses of modern, large, randomized,

multicenter trials and registries appear to support these

results.

In fact, a retrospective analysis of the Studies of Left

Ventricular Dysfunction (SOLVD) trial conducted on

6797 patients with documented left ventricular (LV)

systolic dysfunction and an ejection fraction less than

36%, showed that patients receiving a NPSD at baseline

were more likely to have an arrhythmic death compared

with those who were not (3.1 vs. 1.7 arrhythmic deaths per

100 person-years). Similarly, all-cause and cardiovascular

mortality rates were higher in patients receiving a diuretic

at baseline (12.8 vs. 5.3 and 11.4 vs. 4.6 deaths per 100

person-years, respectively). Even after adjusting for

potential confounders (disease severity, comorbid dis-

eases and concomitant medication use), NPSD use

remained significantly associated with arrhythmic death.

Conversely, the use of potassium-sparing diuretic, alone

or in combination with NPSDs was not independently

associated with an increased risk of arrhythmic death [13].

Similarly, post-hoc analyses of the Digitalis Investigation

Group (DIG trial) conducted on 6797 ambulatory

patients with mild-to-moderate chronic heart failure
pyright © Italian Federation of Cardiology. Unaut
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demonstrated an association with NPSDs and increased

risk of death, cardiovascular death, progressive heart

failure death, sudden cardiac death and heart failure

hospitalizations at 40 months of follow-up [14,15] (Fig. 1).

A large single-center study on 1354 advanced heart fail-

ure patients with a mean ejection fraction of 25% of any

etiology and in New York Heart Association (NYHA)

functional class III–IV, found a linear decrease in survival

with increasing NPSD dose (83%, 81%, 68% and 53% for

NPSD quartiles 0–40, 41–80, 81–160 and more than

160 mg, respectively). After extensive adjustment for

important covariates, NPSD use remained an indepen-

dent predictor of all-cause mortality [16] (Fig. 2). How-

ever, it should be emphasized that in this trial the highest

NPSD dose quartile includes patients with lower ejection

fraction, serum-sodium levels, hemoglobin levels and

higher blood urea nitrogen and creatinine levels, all

well-recognized negative prognostic factors in heart fail-

ure that may be potential confounding factors.

Again, the Evaluation Study of Congestive Heart Failure

and Pulmonary Artery Catheterization Effectiveness

(ESCAPE) investigators found a strong dose–response

positive relationship between increasing NPSD dose

(mainly furosemide) and 6-month mortality in 395

patients hospitalized for severe decompensated heart

failure due to LV systolic dysfunction, particularly at a
horized reproduction of this article is prohibited.

a)

b)

0 12 24 36

Months

48 60

0 12 24 36

Months

48 60

0

20

40

60

80

100

120

140

H
os

pi
ta

liz
at

io
n

 d
ue

to
 h

ea
rt

 f
ai

lu
re

 (
%

)

0

20

40

60

80

100

120

140

H
os

pi
ta

liz
at

io
n

 d
ue

to
 a

ll 
ca

us
es

 (
%

)

Diuretic

Diuretic

No diuretic

No diuretic

HR 1.15,
95% Cl 1.02−1.29;

P = 0.023

HR 1.37,
95% Cl 1.13−1.65;

P = 0.001

es and (b) worsening heart failure; (right) Kaplan–Meier plots for
eart failure in the DIG Trial [14]. CI, Confidence interval; HR, heart rate.



C

Diuretic therapy in heart failure Brandimarte et al. 565

Fig. 2

100

80

60

40

20

0
0 2 4 6 8 10 12 14 16 18 20 22 24

0−40 (n = 465)

40−80 (n = 365)

80−160 (n = 320)

>160 (n = 204)

P < 0.0001

Time (months)

S
ur

vi
va

l (
%

)

Kaplan–Meier survival estimates for loop-diuretic dose quartiles in
patients with advanced systolic heart failure over 2-year follow-up in the
study by Eshaghian et al. [16]. Reprinted with permission.

Table 1 Clinical outcomes by diuretic dose in the analysis of the
ADHERE registry [18]

Dose <160 mg
(n¼62 866)

Dose �160 mg
(n¼19 674)

Renal-related outcomes
SCr change >0.5a 1876/37 137 (5.1) 982/12 005 (8.2)z

Decrease in GFR >10 ml/mina,b 4805/21 807 (22.0) 2081/7886 (26.4)z

Initiation of dialysisa 263/61 406 (0.4) 245/19 325 (1.3)z

Hospital LOS (days),
median [Q1, Q3]

4.0 [2.7, 6.1] 4.3 [2.9, 6.8]z

Hospital LOS >4 days 31 041 (49.4) 10 801 (54.9)z

ICU admissions 5106 (8.1) 1934 (98)z

ICU/CCU LOS (days),
median [Q1, Q3]

2.0 [1.0, 3.41] 2.1 [1.1, 3.8]
�

ICU/CCU LOS >3 days 1475 (28.9) 621 (32.1)
�

In-hospital mortality 1321 (2.1) 471 (2.4)
��

CCU, coronary care unit; GFR, glomerular filtration rate; ICU, intensive care unit;
LOS, length of stay; reprinted with permission; SCr, serum creatinine. z Indicates
the group is significantly different from the low–moderate IV diuretic group
(P<0.0001).

�
Indicates the group is significantly different from the low–mod-

erate IV diuretic group (P<0.01).
��

Indicates the group is significantly different
from the low–moderate IV diuretic group (P<0.05). Figures in parentheses are
percentages. a Excludes patient cases with LOS less than 24 h or creatinine more
than 6 mg/dl. b Excludes patient cases with GFR more than 200 ml/min.
dose of about 300 mg/day of furosemide. Diuretic dose

remained a significant predictor of mortality after adjust-

ing for baseline variables that significantly predicted

mortality [17] (Fig. 3).

Finally, the impact of intravenous loop diuretics on out-

comes of patients hospitalized for acute heart failure has

been recently explored by the Acute Decompensated

Heart Failure national Registry (ADHERE) investigators

who analyzed 62 866 patients receiving less than 160 mg

and 19 674 patients at least 160 mg of furosemide. After

risk and propensity adjustment, hospitalized heart failure

patients receiving low-to-moderate doses of loop diure-

tics had lower hospital mortality, fewer instances of
opyright © Italian Federation of Cardiology. Unau
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worsening renal function, lower intensive care unit

(ICU) utilization and shorter length of hospital stay than

patients treated with high-dose intravenous loop diure-

tics [18] (Table 1).

Torasemide attracted the attention of the scientific com-

munity for its better bioavailability and antialdosterone

activity. In fact, in an open-label single center trial, 234

chronic systolic heart failure patients of any etiology were

randomized to torasemide (20–80 mg) or furosemide

(80–160 mg). After 1 year of follow-up patients in the

torasemide group experienced fewer rehospitalization for

heart failure or for all cardiovascular causes (32 vs. 17%

and 59 vs. 44% respectively) [19].

The Torasemide in Congestive Heart Failure (TORIC)

trial was an open-label, nonrandomized, postmarketing

surveillance study conducted in 231 centers comprising

1377 NYHA Class II–III chronic stable heart failure

patients. Each investigator enrolled a predetermined

number of patients who were recruited in matched pairs

with the same age, sex and NYHA class. In each pair, one

patient received torasemide 10 mg and the other was

allowed any other diuretic or diuretic combination

therapy, including furosemide 40 mg daily, on top of

standard medical therapy [angiotensin-converting

enzyme (ACE) inhibitors or angiotensin receptor block-

ers (ARB), b-blockers and aldosterone-blocking

agents]. After a 1-year follow-up patients in the tora-

semide group had a lower mortality rate (2.2 vs. 4.5%), a

greater NYHA class improvement (45.8 vs. 37.2%) and

fewer cases of hyponatremia (12.9 vs. 17.9%) [20].

Unfortunately, the wide inclusion criteria and the

few exclusion criteria adopted in this study represent

an important bias that needs to be taken into con-

sideration.
thorized reproduction of this article is prohibited.
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The experience with thiazide diuretics is often reported

in the setting of advanced/stage IV heart failure patients

who continue to be fluid overloaded despite optimal

medical therapy. As a consequence, very limited data

are available to assess their safety and efficacy. However,

it appears that although hypotension and electrolyte

disturbances are more often observed, metolazone

usually administered in low doses (5 mg) in combination

with loop diuretics can improve diuresis, even in patients

with significant reduction in glomerular filtration rates

(GFR) [21].

Although the retrospective nature of these data should be

emphasized, taken together they suggest poor outcomes

in a wide range of patients with acute and chronic heart

failure treated with NPSDs, particularly when high doses

are administered. To date, given the lack of large pro-

spective randomized trials with torasemide and metola-

zone, no definitive conclusions can be made about the

safety and efficacy of these drugs in the heart failure

population.

An attempt to standardize the use of NPSDs in heart

failure to provide practical recommendations for phys-

icians has recently been proposed by the Acute Studies of

Clinical Effectiveness of Nesiritide in Subjects with

Decompensated Heart Failure (ASCEND-HF) Investi-

gators [22] (Table 2). However, there is still an unmet

need for clear dosing guidelines and follow-up criteria,

particularly in the vulnerable postdischarge period in

which the chronic oral diuretic dose is tailored according

to physician’s experience and patient’s symptoms rather

than on standardized protocols.

The potential mechanisms of myocardial and
renal damage induced by non-potassium-
sparing diuretics
Hypokalemia
NPSDs, particularly thiazides and furosemide, cause

dose-dependent potassium depletion. Although severe

hypokalemia (<3.0 mEq/l), is described in fewer than

10–15% of patients receiving high doses of a NPSD,

nevertheless it may predispose to life-threatening ven-

tricular arrhythmias [23,24].
pyright © Italian Federation of Cardiology. Unaut

Table 2 Diuretic dosing for acute HF according to the ASCEND-HF m

Creatinine clearance
�

Patient Initial IV d

>60 ml/(min 1.73 m2) New-onset HF or no maintenance
diuretic therapy

Furosemi

Established HF or chronic oral
diuretic therapy

Furosemi

<60 ml/(min 1.73 m2) New-onset HF or no maintenance
diuretic therapy

Furosemi

Established HF or chronic oral
diuretic therapy

Furosemi

�
Creatinine clearance is calculated from the Cockroft–Gault or Modified Diet in Renal

also an option. HF, heart failure; IV, intravenous.
Two factors appear to be responsible for the urinary

potassium wasting: increased delivery of sodium and

water to the aldosterone-sensitive potassium secretory

site in the collecting tubules and increased secretion of

aldosterone due to diuretic-induced volume depletion or

as a result of the activation of neurohormones due to heart

failure, particularly when intermittent bolus regimens are

infused [25].

In the SOLVD analysis, NPSD produced a significant

decrease in serum potassium and magnesium which are

both likely to contribute to the almost doubled increased

risk for arrhythmic death in the NPSD group, particularly

in patients with LV systolic dysfunction secondary to

ischemic disease. In addition, it should be recognized

that the use of potassium-sparing diuretics, alone or in

combination with NPSDs was not independently associ-

ated with increased risk of arrhythmic death in this trial

[13].

In the earlier-mentioned study by Eshaghian et al.
[16], the quartile with the highest NPSD dose

(>160 mg) was associated with significantly increased

2-year all-cause mortality, death and urgent transplan-

tation, progressive heart failure death and, interestingly,

sudden death.

Thus, it appears that NPSD-induced hypokalemia may

play a role in the increased mortality risk in patients with

heart failure by increasing sudden death risk, particularly

in patients with severe systolic dysfunction secondary to

ischemic disease. For this reason, serum potassium con-

centration should be closely monitored during high-dose

infusion and potassium supplementation administered

if necessary.

Hypotension
Hypotension is common during NPSD therapy, as a

result of rapid intravascular volume depletion and as a

direct venodilatory effect leading to a decrease in preload

[26,27].

This effect is likely to be enhanced in patients with heart

failure, as they are preload dependent to maintain cardiac

output. In addition, by impairing the constrictive effect of

angiotensin II on the glomerular efferent arteriole the
horized reproduction of this article is prohibited.

odel [22]. Reprinted with permission

osey Maintenance dose

de 20–40 mg 2–3 times daily Lowest diuretic dose that allows
for clinical stability is the ideal dose

de bolus equivalent to oral dose

de 20–80 mg 2–3 times daily

de bolus equivalent to oral dose

Disease formula. y Intravenous continuous furosemide at doses of 5 to 20 mg/h is
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combination of NPSD and ACE inhibitors may decrease

renal perfusion and consequently GFR.

Furthermore, hypotension may result in a decrease in

coronary perfusion, particularly in patients with under-

lying coronary artery disease, representing approxi-

mately half of all heart failure patients. This may lead

to myocardial injury and progression of LV dysfunction

[28].

Fibrosis
NPSDs, particularly furosemide, can increase myocardial

fibrosis [29,30]. Although the exact mechanism is unclear,

it may represent an adjunctive mechanism leading to

worsening heart failure and is likely a substrate for

ventricular arrhythmias.

Conversely, potassium-sparing diuretics, such as spirono-

lactone, eplerenone and canrenon, share antifibrotic and

antiremodeling effects that account for the consistent

reduction in cardiovascular morbidity and mortality in

patients with advanced heart failure or heart failure

following an acute myocardial infarction, by reducing

sudden deaths [31–34]. Thus, these agents may help

to reduce NPSD side effects (hypokalemia) at low

doses and are likely to have a significant diuretic effect

at high doses in an effort to minimize NPSD exposure

[31–34].

Activation of neurohormones
Activation of the renin–angiotensin–aldosterone system

and sympathetic nervous system by loop diuretics has

been shown in small studies [35,36] to be associated with

the progression of LV dysfunction.

These observations have been confirmed by a substudy

of the SOLVD trial, showing that plasma concentrations

of norepinephrine, atrial-natriuretic factor, arginine vaso-

pressin, and renin activity were significantly higher in

patients with LV dysfunction than in normal control

individuals. Plasma renin activity was normal in patients

with LV dysfunction without heart failure who were not

receiving diuretics, and was significantly increased in

those on diuretic therapy.

Furthermore, intermittent intravenous boluses have

been associated with increased neurohormonal activation

[37]. This may explain the paradoxical short-term abrupt

increase in blood pressure and systemic vascular resist-

ance, and the parallel decrease in cardiac index that

sometimes is observed immediately after furosemide

bolus injection [38]. Conversely, the use of a continuous

infusion of a loop diuretic has been advocated both to

reduce diuretic toxicity, by employing lower doses, and to

increase efficacy after cardiac surgery and in the elderly

with severe heart failure [39–42]. Although conflicting

data have been published regarding the optimal diuretic

infusion regimens [43,44], a Cochrane database review

comprising eight trials involving 254 patients found that
opyright © Italian Federation of Cardiology. Unau
an increased diuretic effect and a better safety profile was

observed with a continuous infusion of loop diuretics

when compared with a bolus-dosing regimen [45].

Longer-acting loop diuretics (e.g. torasemide) produce

less neurohormonal activation and may be used in these

patients [46].

Cardiorenal syndrome
This can be defined as moderate or greater renal dysfunc-

tion that exists or develops in a patient with heart failure

(in the presence of reduced or preserved systolic func-

tion) during treatment. Moderate renal dysfunction is

defined, in turn, as a GFR of less than 59 ml/min/m2 or an

increase in serum creatinine of 0.3 mg/dl. This phenom-

enon occurs in approximately 20% of patients admitted

for heart failure [47].

NPSD-induced renal insufficiency is mainly caused by

decreased renal perfusion due to hypotension (decreased

preload) and/or activation of the neurohormonal cascade

leading to a ‘vasomotor nephropathy’ that is reversible, at

least in the early phase [48]. This might be exacerbated

by the concomitant administration of ACE inhibitors or

ARB as part of the standard therapy for patients with

heart failure. This mechanism may lead to diuretic

resistance, particularly in patients with advanced LV

dysfunction in whom neurohormones are already elev-

ated. This often forces physicians to increase the diuretic

dose or to use a combination of thiazides and loop

diuretics, creating a vicious cycle leading to progressive

renal impairment.

In fact, the presence of concomitant renal dysfunction is

one of the strongest factors associated with higher

mortality in patients with heart failure; in particular, it

predicts death from progressive heart failure, suggesting

that it is a manifestation of and/or a factor exacerbating

ventricular dysfunction [49–53].

In an effort to improve diuretic effectiveness, it has been

reported in relatively small randomized studies that the

addition of a hypertonic saline solution in addition to

NPSD (furosemide or torasemide) with an adequate

potassium supplementation produced a greater daily

diuresis and natriuresis in patients with refractory heart

failure and possibly improved long-term mortality rates

[54–55]. However, this combination therapy still needs to

be validated in large trials.

The earlier-mentioned side effects should discourage the

use of high-dose NPSDs in patients with heart failure in

whom signs and symptoms are adequately controlled. If

NPSDs are necessary, they should be used at the mini-

mum efficacious dose (Table 2). In patients with acute

decompensation, continuous infusion appears to be safer

and more effective compared with intermittent boluses.

Aldosterone-blocking agents and vasodilators should be

taken into consideration as adjunctive treatment to

resolve congestion and reduce NPSD dose.
thorized reproduction of this article is prohibited.
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New approaches to fluid removal in heart
failure
Vasopressin antagonists
Vasopressin is a nonapeptide hormone that regulates

vascular tone through V1 receptors located in the per-

ipheral vasculature, and plasma osmolality via V2 recep-

tors in the kidney, promoting water retention. Thus,

reducing the effects of vasopressin appears to be an

attractive therapeutic strategy to promote ‘aquaresis’

and correct hyponatremia [56].

The EVEREST trials were randomized, double-blind,

placebo-controlled programs that evaluated the short-

term and long-term effects of 30 mg of the V2 antagonist

tolvaptan when added to standard therapy in 4133

patients hospitalized with worsening heart failure and

reduced ejection fraction. Tolvaptan produced a signifi-

cant decrease in body weight that was associated with

improvement in signs and symptoms of heart failure

throughout hospitalization, without adversely affecting

heart rate, blood pressure, or renal function. However, no

differences were noted in terms of mortality and hospi-

talization between tolvaptan and placebo groups. As

expected, hyponatremic patients improved or normalized

their serum sodium in response to tolvaptan throughout

the study. However, this improvement did not translate

into improved clinical outcomes [57,58].

The efficacy and safety of the V1A/V2-receptor antagonist

conivaptan in acute decompensated heart failure has been

tested in a randomized, double-blind, placebo controlled,

pilot study conducted on 170 hospitalized patients. Con-

ivaptan (20-mg loading dose followed by 24-h continuous

infusions of 40, 80 or 120 mg/day) significantly increased

urine output more than placebo at 24 h; it was well toler-

ated and not associated with electrolyte or cardiac rhythm

disturbances. However, these findings need to be con-

firmed in a large cohort of heart failure patients [59].

Adenosine antagonists
Adenosine 1 (A1) receptors located in the afferent arteriole

and proximal tubule promote afferent arteriolar vasocon-

striction and tubule-glomerular feedback, modulating

GFR. A1-receptor antagonism induces diuresis and

natriuresis without exerting adverse effects on cardiac

and renal functions [60].

The PROTECT pilot study is a randomized, placebo-

controlled, dose-finding study of the adenosine A1-recep-

tor antagonist rolofylline conducted on 301 patients

hospitalized for acute heart failure and renal impairment.

Rolofylline 10, 20 or 30 mg was administered as a 4-h

infusion for 3 days in addition to intravenous loop diuretics.

Compared with placebo, rolofylline produced trends

toward greater proportions of patients with marked or

moderately improved dyspnea and fewer patients with

worsening heart failure or renal function. Treatment with

30 mg was associated with a trend toward reduced 60-day
pyright © Italian Federation of Cardiology. Unaut
mortality or readmission for cardiovascular or renal cause

[61]. A large trial is now underway to confirm the beneficial

results of this pilot study.

Ultrafiltration
This is defined as the production of plasma water from

whole blood across a semipermeable membrane in

response to a transmembrane pressure gradient generated

by the hydrostatic pressure in the blood and filtrate com-

partments, and the oncotic pressure produced by plasma

proteins [62].

The Ultrafiltration Versus Intravenous Diuretics for

Patients Hospitalized for Acute Decompensated Heart

Failure (UNLOAD) trial was designed to compare the

safety and efficacy of veno-venous ultrafiltration and stan-

dard intravenous diuretic therapy for 200 hospitalized

heart failure patients with at least two signs of hypervo-

lemia. At 48 h, weight and net fluid loss were greater in the

ultrafiltration group with similar dyspnea scores and epi-

sodes of hypotension. At 90 days, the ultrafiltration group

had fewer rehospitalizations for heart failure. Changes in

serum creatinine were similar in the two groups throughout

the study. There was no correlation between net fluid

removed and changes in serum creatinine in the ultrafil-

tration or in the intravenous diuretic group [63].

Theoretical advantages of this technique with respect to

diuretic therapy include the rapidity of fluid removal,

higher sodium clearance, decreased risk of electrolyte

abnormalities and lack of neurohormonal activation.

However, hemorrhage as a result of systemic anticoagu-

lation, catheter-related complications, excess ultrafiltra-

tion resulting in hypotension, worsening renal function

and membrane bioincompatibility represent potential

barriers to the widespread use of ultrafiltration in heart

failure patients [64].

Thus, although a promising technique, conclusive safety

and efficacy data need to be confirmed in large clinical

trials. In the meantime, extracorporeal ultrafiltration

could be initiated in stable patients in whom other

therapeutic options failed to resolve congestion.

Conclusion
Although prospective large, randomized trials to establish

dose, modality of administration and safety are lacking,

NPSDs are still the mainstay of the treatment for both

acute and chronic heart failure patients, on the basis of

their efficacy in providing prompt relief from signs and

symptoms of congestion.

Even if a clear cause–effect correlation has never been

demonstrated, recent data suggest that NPSD therapy

may be associated with increased mortality in the heart

failure population. Electrolyte imbalances, hypotension,

activation of neurohormones and worsening renal func-

tion may explain these poor outcomes. Thus, given

the lack of prospective data, it is prudent not to rely
horized reproduction of this article is prohibited.
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exclusively on NPSD to treat signs and symptoms of

heart failure. Implementing aldosterone blocking agents

may help to improve outcomes by minimizing NPSD

side effects at low doses (potassium depletion) and mini-

mizing NPSD exposure when high doses are adminis-

tered (diuretic effect).

However, if intravenous NPSD for an acute decompen-

sation is required, the continuous infusion seems to be

the safer modality of administration. Chronic mainten-

ance dose during the post-discharge period still remains

a challenge. Other NPSD such as torasemide and meto-

lazone appear to be reasonable alternatives, however,

their safety and efficacy in heart failure has not been

extensively explored.

Vasopressin antagonists, adenosine antagonists and

ultrafiltration appear to be promising but need further

investigation.
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