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Abstract

Purpose of Review The burden of heart failure in the United
States is growing rapidly to epic proportions with serious clin-
ical implications for patients and economic strain for
healthcare systems. One of the most common reasons for hos-
pitalization in acute decompensated heart failure (ADHF) is
excess volume accumulation which leads to untoward symp-
toms including dyspnea,orthopnea, and edema.

Recent Findings Over the past several decades, there has been
great interest in exploring various decongestive strategies in
order to achieve symptomatic improvement and favorable
clinical outcomes. These include different modalities of loop
diuretic administration, the adjunctive use of non-loop di-
uretics, and other diuretic sparing strategies.

Summary Herein, we provide an appraisal of these deconges-
tive strategies and discuss novel concepts predicting clinical
outcomes based on diuretic response and decongestive ade-
quacy while discussing commonly encountered problems
such as worsening renal function in ADHF.
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Introduction

The burden of heart failure in the USA is growing rapidly and
has serious implications for patients and the economy. The
anticipated prevalence of heart failure is estimated to rise by
nearly 50% over the next two decades with total costs increas-
ing by well over 100% [1, 2]. The main reason for hospitali-
zation in patients with heart failure are signs and symptoms of
worsening congestion and hypervolemia, which is responsible
for over 90% of hospital admissions [3, 4]. As a result, this
places a maxim to achieve adequate decongestion which may
have ramifications on morbidity and mortality, as persistent
congestion at hospital discharge has been associated with clin-
ical deterioration [5]. Not surprisingly, the current heart failure
treatment guidelines highly recommend the use of loop di-
uretics in the management of acute decompensated heart fail-
ure (ADHF) to relieve congestion [6—8]. However, these rec-
ommendations are based on a surprising dearth of evidence
with regard to the effects of loop diuretic therapy on morbidity
and mortality and provide little other guidance [1]. At the
patient level, there may be unique clinical, hemodynamic, or
metabolic characteristics and comorbidities that may influence
inpatient diuretic therapy. Herein, we aim to review current
diuretic strategies in ADHF based on a critical review of con-
temporary literature.

A Comparison of Loop Diuretic Therapies

Loop diuretic therapy is the mainstay of treatment for patients
with ADHF. Loop diuretics currently available for use in the
USA consist of furosemide, torsemide, bumetanide, and
ethacrynic acid. Notably, ethacrynic acid is rarely used clini-
cally given the high risk of ototoxicity as compared with other
loop diuretics and will not be discussed here. The mechanism
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of action of the loop diuretics involves blockade of the
sodium-potassium-chloride cotransporter in the thick ascend-
ing loop of Henle resulting in natriuresis and diuresis. Despite
the widespread use of furosemide, the first Food and Drug
Administration (FDA) approved loop diuretic in 1966, there
are limited data to support its superiority to other available
loop diuretics. Furosemide has a wide range of bioavailability
(10-100%) with different inter- and intra-individual properties
that can vary based on formulation and method of administra-
tion (IV versus oral). In fact, there is also a wide variation for
urinary excretion of furosemide (25-42%) for differing diuret-
ic formulations [9].

Torsemide and bumetanide, in contrast, have a much more
reliable bioavailability that ranges consistently from 80—-100%
and torsemide has the longest half-life of the three loop di-
uretics (3—4 h) [10]. Torsemide, approved by the FDA in
1993, appears to have potential favorable effects on the renin
angiotensin aldosterone system (RAAS) supported by both
animal and human studies [10]. In rat models, torsemide and
furosemide were shown to increase plasma renin and aldoste-
rone levels [1]. In contrast to furosemide, torsemide may have
additional favorable mineralocorticoid antagonizing proper-
ties. For example, torsemide inhibits the binding of aldoste-
rone to its receptor in murine kidneys in a dose-dependent
manner [11]. Additionally, torsemide may have antifibrotic
effects in the myocardium [12, 13]. Torsemide may also have
other clinical benefits over furosemide. The Torsemide In
Congestive Heart Failure (TORIC) study was an open-label
prospective cohort involving 1377 patients with New York
Heart Association (NYHA) class II-III heart failure which
compared torsemide to furosemide used for chronic diuretic
therapy [14]. Subjects in the torsemide arm were not only
more likely to have improved their NYHA functional class
(»<0.001) but also were observed to have lower mortality
during follow-up (p<0.05) supporting the chronic usage of
torsemide over furosemide. Additionally, a meta-analysis of
available studies comparing torsemide and furosemide, al-
though limited to smaller cohorts with some single-center
studies, also supported a comparable trend toward improve-
ment in functional status and all-cause death with torsemide
compared to furosemide [15]. Bumetanide is another highly
potent and readily bioavailable loop diuretic. A small clinical
trial suggested that bumetanide was as effective as furosemide
in reducing edema [16]. However, studies informing its clin-
ical usefulness and impact on outcomes are lacking.

Decongestive Strategies
The primary method of diuretic administration to patients hos-
pitalized with ADHF is intravenous (IV) given the need for a

rapid onset of action and bypassing the possibility of impaired
absorption due to gut edema. In clinical practice, the method
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of administering diuretics, whether by bolus dosing or contin-
uous infusion, varies widely. Whether there were significant
differences between these two decongestive strategies was the
aim of the Diuretic Optimization Strategies Evaluation In
Acute Heart Failure (DOSE-AHF) trial [17]. The DOSE-
AHF trial used a 2 % 2 factorial design for the administration
of furosemide as IV boluses or a continuous infusion and as
either a low dose (IV dosing equivalent to home oral loop
diuretic dosing) or a high dose (IV dosing 2.5 times higher
than home oral loop diuretic dosing) in patients with ADHF.
At 72 h after randomization, there were no differences in the
co-primary endpoints of global assessment of symptoms and
change in creatinine for either of the four strategies (p=0.47
and p=0.45, respectively). However, subjects in the high-
dose arms had more favorable secondary outcomes including
improved dyspnea, weight loss, and total fluid loss. These
benefits were balanced by a higher incidence of transient
worsening renal function (WRF), importantly, without a dif-
ference in 60-day outcomes. There has been a historical asso-
ciation between higher diuretic dosing linking WRF (classi-
cally defined as a >0.3 mg/dL increase in serum creatinine or
>25% drop in estimated glomerular filtration rate) and clinical
outcomes, although prognosis may depend on the clinical
context in which WRF occurs and to what degree [18-20].
However, this association is confounded by patients who have
greater severity of heart failure, more comorbidities, and per-
sistent congestion despite diuresis [21].

In a post-hoc analysis of DOSE-AHF and the Cardiorenal
Rescue Study in Acute Decompensated Heart Failure
(CARRESS-HF), plasma renin activity (PRA) and serum al-
dosterone levels were measured to explore the relationship
between RAAS activation and decongestion strategy with
clinical outcomes [22]. Patients who received a continuous
infusion of furosemide had higher PRA levels. However, there
was no significant difference in these biomarkers between
high- and low-dose strategies. Additionally, the change in bio-
markers from baseline to 72 or 96 h was not associated with
differences in the outcomes of time to death or HF hospitali-
zation. Taken in aggregate, acute and transient activation of
RAAS may not be associated with post-discharge outcomes.

Recent studies suggest that transient WRF may not affect
post-discharge outcomes [17, 23, 24]. This theory is re-
demonstrated in both the Dopamine in Acute
Decompensated Heart Failure (DAD-HF) and Renal
Optimization Strategies Evaluation in Acute Heart Failure
(ROSE-AHF) trials. In the DAD-HF trial, patients admitted
for ADHF were randomized to receive either high-dose furo-
semide via continuous infusion (20 mg/h) or low-dose furo-
semide via continuous infusion (5 mg/h) along with low-dose
dopamine (5 pg/kg/min) [25]. There were no differences in
60-day all-cause mortality or readmission rates despite a
higher rate of WREF at 24 h in the high-dose furosemide group
(p=1 and p=0.254, respectively). The DAD-HF II trial
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investigated differences in all-cause mortality or heart failure
hospitalizations between three separate groups: high-dose fu-
rosemide (20 mg/h), low-dose furosemide (5 mg/h) with low-
dose dopamine (5 pg/kg/min), and low-dose furosemide alone
[26]. There was no significant difference between the groups
with regards to all-cause mortality, heart failure
rehospitalizations, or any additional benefit observed with
the use of low-dose dopamine at day 60 (p=0.74 and
p=0.55, respectively) or at 1 year of follow up (p=0.84 and
p=0.40, respectively).

In the ROSE-AHF trial, the investigators explored the hy-
pothesis that low-dose dopamine or low-dose nesiritide in ad-
dition to loop diuretic therapy would enhance decongestion
while preserving renal function [27]. Patients admitted with
ADHF and renal dysfunction (GFR 15-60 mL/min/1.73 m?)
were randomized to receive low-dose dopamine or nesiritide, in
addition to standard diuretic therapy, compared to a placebo
group. There were no differences between the two groups when
compared to placebo for the endpoints of enhanced diuresis or
preservation of renal function at 72 h (cumulative urine volume
for dopamine vs placebo p=0.59 and for nesiritide vs placebo
p=0.49; change in cystatin C level for dopamine vs placebo
p=0.72 and for nesiritide vs placebo p=0.36).

Diuretic Resistance and the Role of Adjunctive
Therapies

Persistent signs and symptoms of congestion at hospital dis-
charge have been associated with high morbidity and mortal-
ity [5]. Inadequate diuresis could be the result of insufficient
diuretic dosing or due to true diuretic resistance. Electrolyte
concentrations in the urine may yield important clues in mon-
itoring for adequate decongestion. Interestingly, Verbrugge
et al. studied the urinary composition of sodium and chloride
ions in patients undergoing diuresis for ADHF [28]. The au-
thors found that the 24 h concentration of urinary sodium and
chloride dropped significantly as patients became effectively
diuresed, suggesting that persistently elevated levels of these
ions may indicate that euvolemia has not been achieved.

In ADHF, the diuretic response curve is shifted downward
and to the right, reflecting the need for higher diuretic doses
over time [29, 30]. Potential mechanisms for diuretic resis-
tance include the “braking phenomenon” (acute decrease in
response to loop diuretics after repeated dosing), post-diuretic
effect (post-diuretic sodium retention after therapy has worn
off), rebound effect (chronic loop diuretic use leading to in-
creased distal nephron sodium reabsorption), or renal adapta-
tion (hypertrophy and hyperfunction of distal tubule cells
resulting in increased distal sodium uptake and aldosterone
excretion after long-term exposure to loop diuretics) [1, 31,
32]. Patients who are effectively diuretic resistant, or have
reduced diuretic efficiency (DE), have been shown to have

lower survival [33, 34]. Diuretic efficiency is a novel metric
that appears to provide additional prognostic information for
patients admitted with decompensated heart failure [35].
Diuretic dose alone may not be an appropriate marker for true
diuretic resistance. Diuretic efficiency, on the other hand, is an
estimate of net fluid output produced per unit of furosemide
equivalents. Testani and colleagues evaluated the association
of DE with clinical variables and outcomes in two indepen-
dent cohorts of patients admitted with ADHF. The authors
concluded that DE provided distinct prognostic information
in addition to total diuretic dose and total urine output. Their
findings highlighted an association between low DE and
worsened survival after adjusting for in-hospital diuretic
dose, fluid output, and baseline characteristics.
Additionally, diuretic responsiveness was evaluated in
4379 patients from the Acute Study of Clinical
Effectiveness of Nesiritide in Decompensated Heart
Failure (ASCEND-HF) trial [36]. The authors found
comparable results and demonstrated that diuretic unre-
sponsiveness was associated with an increased risk of
death or rehospitalization early after discharge.

There are several adjunctive therapies that have been used
or considered in the setting of loop diuretic resistance. These
include therapies with mechanisms of action at the level of the
kidney and include combination therapy with acetazolamide
and thiazide diuretics, aldosterone antagonists, and vasopres-
sin antagonists among others. There is an overall paucity of
data regarding the use of acetazolamide for clinical heart fail-
ure. In the early 1950s, shortly after the introduction of car-
bonic anhydrase inhibitors as potential novel treatments for
ADHF, a series of case reports were published detailing suc-
cessful diuresis with the addition of acetazolamide [37]. Most
recently, a small study involving 54 patients hospitalized for
ADHEF used protocol-driven diuretic strategies including acet-
azolamide to assess for decongestion and natriuretic response
[38]. Those patients who received acetazolamide in addition
to standard loop diuretic therapy had significantly higher na-
triuretic responses as compared to those receiving loop di-
uretics alone or with adjunctive thiazide diuretics.
Significant side effects with the use of carbonic anhydrase
inhibitors include metabolic acidosis, as the mechanism of
action involves renal loss of bicarbonate in addition to sodi-
um, potassium, and water. Thiazide diuretics, another choice,
are theoretically useful by means of sequential nephron block-
ade and the inhibition of distal tubule sodium resorption.
Although there have been many studies evaluating the use of
combination therapy with thiazide and loop diuretics, these
studies are limited by small samples sizes, lack of control
groups, cohorts with limited generalizability, inconsistency
of diuretic regimens, and lack of focus on clinical outcomes
[32].

Aldosterone antagonists have been previously studied in
small-scale trials. In a study of 21 patients deemed diuretic
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resistant, high-dose spironolactone in addition to high-dose
bumetanide and angiotensin converting enzyme inhibitor
(ACE-i) therapy resulted in significant natriuresis and diuresis
[39]. In a recent prospective, single-blind pilot study of 100
patients admitted with ADHF, those who received high-dose
spironolactone had lower N-terminal pro-brain natriuretic
peptide (NT-proBNP) levels, less signs and symptoms of con-
gestion, and no difference in serum potassium levels at 3 days
of follow up [40]. The Aldosterone Targeted Neurohormonal
Combined with Natriuresis Therapy in Heart Failure
(ATHENA-HF) trial was a randomized, double-blind,
placebo-controlled trial that was designed to assess the safety
and efficacy of 100 mg/day of spironolactone therapy in 360
patients hospitalized with ADHF [41, 42]. The authors found
no significant difference in the primary outcome of NT-
proBNP levels at 96 h between the high-dose spironolactone
group and placebo (p=0.76). Additionally, there were no sig-
nificant differences in the secondary outcomes of dyspnea,
urine output, or change in potassium between the two groups.

Vasopressin antagonists have also been studied as both
independent and adjunctive therapies to loop diuretics.
Arginine vasopressin (AVP) has been found to be inappropri-
ately elevated in acute and chronic HF and is associated with
poor outcomes [43]. Pharmacologic blockade of V2 receptors
results in increased renally-mediated free water excretion. The
Effects of Oral Tolvaptan in Patients Hospitalized for
Worsening Heart Failure (EVEREST) trial was a large study
involving over 4000 patients admitted with ADHF who were
randomized to receive tolvaptan, a V2 receptor antagonist, or
placebo in addition to standard medical therapy for at least
60 days [44]. The median follow-up time was 10 months.
The co-primary endpoints were all-cause mortality and cardio-
vascular death or hospitalization for heart failure, for which
there was no difference between the two groups (p=0.68 and
p=0.55, respectively). However, benefits were seen with
regards to increased serum sodium levels and decongestion
in the short term. Tolvaptan was re-evaluated in a recently
published study, Targeting Acute Congestion With
Tolvaptan in Congestive Heart Failure (TACTICS-HF), where
the authors hypothesized that select ADHF patients with se-
vere heart failure symptoms or hyponatremia may benefit
from upfront adjunctive tolvaptan therapy in addition to loop
diuretics. This hypothesis was largely based on post-hoc anal-
yses from the EVEREST trial showing an improvement in the
secondary endpoints of patient-assessed dyspnea (day 1) and
body weight reduction (days 1 and 7) [45]. In this trial, 257
patients with ADHF were randomized to receive tolvaptan
with a fixed-dose furosemide regimen and the primary end-
point was the proportion of patients with at least moderate
improvement in dyspnea within 24 h. There was no significant
difference between the tolvaptan and placebo groups with
respect to the primary endpoint or secondary endpoints in-
cluding in-hospital or post-discharge outcomes up to 30 days
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(p=0.32 for the primary endpoint). Again, although theoreti-
cally promising, tolvaptan does not have a firmly established
role for the treatment of ADHF [46].

Non-diuretic Means of Decongestion

Additional means of fluid removal include direct, mechanical
removal of fluid from the body or by means of increasing renal
blood flow, cardiac output, or decreasing systemic vascular
resistance. Ultrafiltration (UF) was thought to be a promising
option both as an alternative to loop diuretics and for use in
patients with diuretic resistance given the ability to remove
fluid at a rate of up to 500 mL/h [29]. The Relief for
Acutely Fluid Overloaded Patients With Decompensated
Congestive Heart Failure (RAPID-CHF) study was a small
proof of concept trial designed to assess the safety and efficacy
of UF in patients with ADHF [47]. A total of 40 patients were
assigned to an 8 h session of UF or usual care. The primary
endpoint was weight loss after 24 h and was not significantly
different between the two groups (p =0.24). Subsequently, the
Ultrafiltration versus Intravenous Diuretics for Patients
Hospitalized for Acute Decompensated Congestive Heart
Failure (UNLOAD) trial randomized 200 patients with
ADHEF to receive UF or standard IV diuretic therapy [48].
The primary endpoints were weight loss, which was signifi-
cantly different between the two groups (p=0.001), and dys-
pnea, which was no different between the two groups, at 48 h.
There was also a significant reduction in HF rehospitalization
(p=0.04); however, the rehospitalizations were investigator
reported thus limiting the validity of these findings.
Additionally, these trials were unblinded with small sample
sizes and a short duration of follow up [31].

Lastly, the CARRESS-HF trial randomized 188 patients
with ADHF, persistent congestion, and WRF to receive UF
or pharmacologic therapy [49]. Unlike the RAPID-CHF and
UNLOAD trials, this study specified a rate of fluid removal in
the UF arm at 200 mL/h and targeted a urine output of 3 to 5 L/
day in the medical therapy arm. Patients in the previous stud-
ies underwent UF or IV diuretic therapy based on physician
discretion without discrete goals for fluid removal. The prima-
ry endpoint was the bivariate change in serum creatinine from
baseline and body weight assessed at 4 days. UF was inferior
to pharmacologic therapy due to a significant increase in cre-
atinine in the UF group (p=0.003) and more patients in the
UF group had a serious adverse event (p=0.03). Although
conceptually an encouraging means of volume removal, UF
receives a class IIb recommendation from the ACCF/AHA
and ESC guidelines for patients with refractory congestion
not responding to medical therapy or as a consideration for
patients with obvious volume overload to alleviate congestive
symptoms and fluid weight [6, 7]. Indeed, a pooled analysis of
patients with ADHF and WRF (acute cardiorenal syndrome)
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showed that those who received an aggressive approach to
decongestion via an algorithmic stepped pharmacologic ap-
proach had greater weight change and net fluid loss
(p<0.001 for both) along with improved renal function
(p=0.03) [50].

Other means of achieving decongestion in patients with
ADHEF, largely measured by a reduction in dyspnea with treat-
ment, include several novel vasoactive medications.
Seralaxin, or recombinant human relaxin-2, has shown prom-
ise in the Serelaxin in Acute Heart Failure (RELAX-AHF)
trial involving 1161 patients admitted with ADHF [51]. The
co-primary outcome involved two different measures of dys-
pnea including a visual analogue scale and a seven-level
Likert scale, the former of which was significantly improved
after receiving 48 h of treatment with serelaxin (p=0.007).
Although there was no improvement in change in bodyweight
from baseline through day 14, there were improvements in
measures of worsening heart failure, length of hospital stay,
and a reduction in mortality reported at day 180. The
Randomized Evaluation of Intravenous Levosimendan
Efficacy (REVIVE I and II) trials evaluating the effects of
levosimendan, a drug with inotropic and vasodilator proper-
ties, reported improvement in the overall clinical status report-
ed by patients during treatment [52]. Unfortunately, this clin-
ical improvement was heavily counterbalanced by an in-
creased risk of hypotension, dangerous cardiac arrhythmias,
and a higher rate of death in those receiving the treatment.
Other studies involving IV vasodilator therapies including hu-
man recombinant BNP (nesiritide), endothelin-1 receptor an-
tagonists (tezotentan), or adenosine receptor antagonists
(rolofylline) have been largely neutral [51]. Additionally,
ularitide, a synthetic form of the human natriuretic peptide
urodilantin with natriuretic, diuretic, and vasodilatory proper-
ties, was studied in the Trial of Ularitide’s Efficacy and safety
in patients with Acute Heart Failure (TRUE-AHF study). The
authors found no significant difference in cardiovascular mor-
tality during a median follow up time of 15 months (p=0.75)
[53]. The group receiving ularitide had lower NT-proBNP
levels as compared to placebo (p<0.001); however, they ex-
perienced significantly more hypotension (»p <0.001).

Conclusion

Decongestion with loop diuretics is a mainstay for the treat-
ment of ADHF. Despite little guidance in the heart failure
treatment guidelines, their use is highly endorsed. As a result,
there have been several recent studies attempting to clarify the
differences in various approaches to loop and adjunctive di-
uretic use, renal protective strategies, and non-loop diuretic
strategies. Although providing important insights into the
treatment of congestion, results from these studies have large-
ly been neutral leaving little influence on practice. In contrast,

promising findings from goal-directed decongestion strate-
gies, including targeted urine output volumes or goal urine
electrolyte composition, might be useful. Regardless, because
of the increasing public health and economic burden related to
ADHEF hospitalizations, the improvement of decongestion
strategies is clearly warranted and starts with an enhanced
understanding of diuretic response and the development of
novel therapies with a favorable influence on outcomes.
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