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ABSTRACT

Background: Heart failure is a common condition with considerable
associated costs, morbidity, and mortality. Patients often present to hospital
with dyspnea and edema. Inadequate inpatient decongestion is an important
contributor to high readmission rates. There is little evidence concerning
diuresis to guide clinicians in caring for patients with acute decompensated
heart failure. Contemporary diuretic strategies have been defined by expert
opinion and older landmark clinical trials.

Objective: To present a narrative review of contemporary recommendations,
along with their underlying evidence and pharmacologic rationale, for diuretic
strategies in inpatients with acute decompensated heart failure.

Data Sources: PubMed, OVID, and Embase databases were searched
from inception to December 22, 2022, with the following search terms:
heart failure, acute heart failure, decompensated heart failure, furosemide,
bumetanide, ethacrynic acid, hydrochlorothiazide, indapamide, metolazone,
chlorthalidone, spironolactone, eplerenone, and acetazolamide.

Study Selection: Randomized controlled trials and systematic reviews
involving at least 100 adult patients (> 18 years) were included. Trials
involving torsemide, chlorothiazide, and tolvaptan were excluded.

Data Synthesis: Early, aggressive administration of a loop diuretic has
been associated with expedited symptom resolution, shorter length of stay,
and possibly reduced mortality. Guidelines make recommendations about
dose and frequency but do not recommend any particular loop diuretic

over another; however, furosemide is most commonly used. Guidelines
recommend that the initial furosemide dose (on admission) be 2-2.5 times
the patient’s home dose. A satisfactory diuretic response can be defined as
spot urine sodium content greater than 50-70 mmol/L at 2 hours; urine
output greater than 100—150 mL/h in the first 6 hours or 3-5 L in 24 hours;
or a change in weight of 0.5—-1.5 kg in 24 hours. If congestion persists after
the maximization of loop diuretic therapy over the first 24—48 hours, an
adjunctive diuretic such as thiazide or acetazolamide should be added. If
decongestion targets are not met, continuous infusion of furosemide may
be considered.

Conclusions: Heart failure with congestion can be managed with careful
administration of high-dose loop diuretics, supported by thiazides and
acetazolamide when necessary. Clinical trials are underway to further
evaluate this strategy.
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RESUME

Contexte : Linsuffisance cardiaque est une maladie courante entrainant des
colits, une morbidité et une mortalité considérables. Les patients se présentent
souvent a I'hdpital avec une dyspnée et un cedeme. Une décongestion inadéquate
des patients hospitalisés contribue largement aux taux élevés de réadmission. Il
existe peu de données probantes concernant la diurése pour guider les cliniciens
dans la prise en charge des patients atteints d'insuffisance cardiaque aigué
décompensée. Les stratégies diurétiques contemporaines ont été définies par
I'opinion d'experts et des essais cliniques de référence plus anciens.

Objectif : Présenter une revue narrative des recommandations contemporaines,
ainsi que leurs données probantes sous-jacentes et leur justification
pharmacologique, pour les stratégies diurétiques chez les patients hospitalisés
souffrant d'insuffisance cardiaque aigué décompensée.

Sources des données : Les bases de données PubMed, OVID et Embase
ont été consultées depuis leur création jusqu'au 22 décembre 2022, avec les
termes de recherche suivants : insuffisance cardiaque, insuffisance cardiaque
aigué, insuffisance cardiaque décompensée, furosémide, bumétanide, acide
éthacrynique, hydrochlorothiazide, indapamide, métolazone, chlorthalidone,
spironolactone, éplérénone et acétazolamide.

Choix de I'étude : Les essais controlés randomisés et les revues systématiques
portant sur au moins 100 patients adultes (plus de 18 ans) ont été inclus. Les
essais impliquant le torsémide, le chlorothiazide et le tolvaptan ont été exclus.
Synthése des données : L'administration précoce et agressive d'un diurétique
de I'anse a été associée a une résolution accélérée des symptomes, a une durée de
séjour plus courte et éventuellement a une mortalité réduite. Les lignes directrices
font des recommandations sur la dose et la fréquence, mais ne recommandent pas
un diurétique de I'anse particulier plutét qu'un autre; cependant, le furosémide

est le plus couramment utilisé. Les lignes directrices recommandent que la dose
initiale de furosémide a I'admission soit de 2 a 2,5 fois la dose a domicile du
patient. Une réponse diurétique satisfaisante peut étre définie comme une teneur
ponctuelle en sodium dans I'urine supérieure a 50 & 70 mmol/L aprés 2 heures;
débit urinaire supérieur a 100 a 150 mL/h au cours des 6 premiéres heures ou a

3 a5 Len 24 heures; ou un changement de poids de 0,5 a 1,5 kg en 24 heures.
Sila congestion persiste aprés la maximisation du traitement par diurétique de
I'anse au cours des premieres 24 a 48 heures, un diurétique d'appoint tel que le
thiazidique ou I'acétazolamide doivent étre ajoutés. Si les objectifs de décongestion
ne sont pas atteints, une perfusion continue de furosémide peut étre envisagée.

Conclusions : L'insuffisance cardiaque accompagnée de congestion peut étre
gérée par I'administration prudente de diurétiques de I'anse a haute dose,
appuyés par des thiazidiques et de I'acétazolamide si nécessaire. Des essais
cliniques sont en cours pour évaluer davantage cette stratégie.

Mots-clés : insuffisance cardiaque, insuffisance cardiaque aigué, insuffisance
cardiaque décompensée, furosémide, bumétanide, acide éthacrynique,
hydrochlorothiazide, indapamide, métolazone, chlorthalidone, spironolactone,
acétazolamide, éplérénone
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INTRODUCTION

Heart failure (HF) is a common, costly, and mortal con-
dition. HF currently affects approximately 600 000 Can-
adians and is a leading cause of hospital admission, which
is a major driver of the $2.8 billion dollars per year in direct
health care costs spent on this disease.! Despite important
advances in diagnosis and treatment, Canadians hospital-
ized with HF have readmission rates in excess of 20% at
30 days and mortality rates upward of 30% at 1 year.! At
age 40, the lifetime risk of incident HF is 20%,% and HF is
the most common reason for hospital presentation in indi-
viduals over 65 years of age.? Congestion in HF is defined
as signs and symptoms of extracellular fluid accumulation
resulting in increased extra-cardiac filling pressures.> HF
with increased neurohormonal activation and sympathetic
output leads to increased circulatory volume.® Symptoms of
congestion, which include dyspnea and edema, are the most
frequent presenting symptoms among patients presenting
with HF.* Most patients with chronic HF require a main-
tenance dose of oral loop diuretic to maintain euvolemia
and clinical stability.?

Inadequate resolution of symptoms (specifically decon-
gestion) before discharge is an important contributor to
high rates of readmission for HF.® Decongestion is achieved
primarily with diuretic therapy, although vasodilators may
be used as auxiliary agents.>”® Prompt administration of
IV loop diuretics in the emergency department (ED) for

patients with acute decompensated HF (ADHF) was associ-
ated with reduced inpatient mortality in a prospective multi-
centre observational cohort.!? Patients for whom complete
decongestion is achieved in hospital have improved out-
comes.>!! Controlled trials with diuretics have shown their
effects in increasing urinary sodium excretion and decreas-
ing physical signs of fluid retention, as well as improving
symptoms, quality of life, and exercise tolerance.’

Current guidelines recommend IV loop diuretics for
patients presenting to the ED with ADHF (Table 1).”° Early,
aggressive administration of loop diuretics has been asso-
ciated with accelerated symptom resolution, shorter length
of stay,!® and possibly reduced mortality.® The diuretic
response should be evaluated shortly after the start of diur-
etic therapy. A satisfactory diuretic response can be defined
as spot urine sodium content greater than 50-70 mmol/L
at 2 hours; urine output greater than 100-150 mL/h during
the first 6 hours or 3-5 L in 24 hours; or a change in weight
of 0.5-1.5 kg in 24 hours.”® If markers of adequate diur-
esis and natriuresis are not met, a second dose, at double
the initial dose, should be administered promptly.” After
loop diuretics have been maximized, thiazide diuretics or
acetazolamide may be added to augment diuresis.> If con-
gestion persists, then a continuous infusion of furosemide
may be considered.

There is a paucity of high-quality evidence to inform
diuretic practices for inpatients with ADHF. Contempor-
ary diuretic strategies have been developed on the basis

TABLE 1. Summary of Guidelines on Use of Diuretics for Decongestion in Hospitalized Patients with Heart Failure

Strength of Quality of

Recommendation Recommendation Evidence
CCS guidelines for management of heart failure (2017)’

IV diuretics should be given as first-line therapy for patients with pulmonary or peripheral congestion Strong Low

Furosemide should be dosed intermittently (e.g., twice daily) or by continuous infusion Strong Moderate
AHA/ACC/HFSA guideline for management of heart failure (2022)°

Patients with heart failure admitted with evidence of significant fluid overload should be promptly Strong Moderate

treated with IV loop diuretics to improve symptoms and reduce mortality

For patients admitted with heart failure, therapy with diuretics and other guideline-directed Strong Moderate

medications should be titrated with the goal of resolving clinical evidence of congestion to reduce

both symptoms and readmissions

For patients admitted with heart failure and for whom diuresis is inadequate to relieve symptoms Moderate Moderate

and signs of congestion, it is reasonable to intensify the diuretic regimen by either using a higher

dose of IV loop diuretic or adding a second agent

For patients requiring diuretic treatment during hospitalization for heart failure, the discharge Strong Moderate

regimen should include a plan for adjustment of diuretics to decrease readmissions
ESC guidelines for diagnosis and treatment of acute and chronic heart failure (2021)®

IV loop diuretics are recommended for all patients with acute heart failure admitted with signs Strong Low

or symptoms of fluid overload, to improve symptoms

Combination of a loop diuretic with thiazide-type diuretic should be considered for patients with Moderate Moderate

resistant edema and no response to an increase in dose of loop diuretic

ACC = American College of Cardiology, AHA = American Heart Association, CCS = Canadian Cardiovascular Society, ESC = European Society of Cardiology,

HFSA = Heart Failure Society of America.
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of expert opinion®> and several older landmark clinical

trials.!»!3 This dearth of evidence has come under recent
scrutiny, and interest in its remedy has been renewed.>!*
The purpose of this study was to review the pharmacology
and pharmacokinetics of diuretics and the evidence for
diuretic strategies in inpatients with ADHF.

METHODS

The following 4 types of diuretics were considered in this
review: loop diuretics, thiazide diuretics, carbonic anhyd-
rase inhibitors, and mineralocorticoid receptor antagonists
(MRAs). Only studies involving medications and formu-
lations available in Canada, as determined through Health
Canada’s Drug Product Database, were eligible for inclu-
sion. The diuretics reviewed were furosemide, bumetanide,
ethacrynic acid, hydrochlorothiazide, indapamide, meto-
lazone, chlorthalidone, spironolactone, eplerenone, and
acetazolamide. The PubMed, OVID, and Embase databases
were searched from inception to December 22, 2022, with
the following search terms: heart failure, acute heart fail-
ure, decompensated heart failure, furosemide, bumetanide,
ethacrynic acid, hydrochlorothiazide, indapamide, metol-
azone, chlorthalidone, spironolactone, eplerenone, and
acetazolamide. Abstracts and titles were screened, and ref-
erence lists were reviewed for additional pertinent articles.
Only randomized controlled trials and systematic reviews
involving adult patients (> 18 years of age) were eligible for
inclusion. Trials with fewer than 100 patients were excluded.

Trials involving torsemide and chlorothiazide were also
excluded, because these drugs are not available in Canada.
Trials evaluating tolvaptan were excluded, because use of
this drug should be limited to cases of volume overload with
significant hyponatremia when other measures have failed.”
This article presents a narrative review of the literature.

RESULTS

The search yielded 5 randomized controlled trials and
5 systematic reviews that met the inclusion criteria. No ran-
domized controlled trials or systematic reviews for the use
of ethacrynic acid in HF met the inclusion criteria. Simi-
larly, no randomized controlled trials compared diuretics
with placebo in patients with ADHF.

Loop Diuretics

Loop diuretics block the Na-K-2Cl symporter in the
luminal membrane of the thick ascending limb of the loop
of Henle.!> Loop diuretics have steep dose-response curves,
which means there is little effect until a threshold is reached,
beyond which the response rapidly approaches a maximum
or ceiling.>* Although this pattern is true of natriuretic
efficiency, increasing the dose above the ceiling can cause
additional natriuresis by increasing the time during which
the plasma diuretic concentration exceeds the natriuretic
threshold.>! Table 2 summarizes the pharmacokinetics of
loop diuretics.>!61% With more avid sodium retention, as
in ADHF, a higher peak drug level may be required, and

TABLE 2. Pharmacokinetic and Pharmacodynamic Properties of Loop Diuretics

Property Furosemide Ethacrynic Acid Bumetanide
Relative potency 1 0.7 40
Equivalent oral dose (mg)? 40 50 1
PO to IV conversion 2:1 1:1 1:1
Bioavailability (%) Range 10-100 (mean 50) 100 Range 80-100
Onset (min)

Oral 30-60 30 30-60

IV 5 5 5
Time to peak serum concentration after PO administration (h) 1-2 2 1-2
Protein binding (%) 91-99 90-95 95
Clearance Urine: 50%—-80% Feces and urine: 30%—60% Renal: 81% of total dose, 45%

Minimal hepatic as unchanged drug of which is unchanged drug
metabolism Hepatic: 35%-40% Hepatic: 50%

Half-life (h) 0.5-2 2-4 1-1.5
Average duration of action (h)

Oral administration 6-8 12 4-6

IV administration 2 2-4 2-3
Maximum daily dose (mg) 600 400 10

aEquivalent IV dose: furosemide 40 mg, bumetanide 1 mg (unable to find equivalent dose of ethacrynic acid).
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IV administration may be more effective than oral admin-
istration.>* Although gut edema and low duodenal blood
flow do not typically affect oral bioavailability (the amount
absorbed relative to the amount ingested), they slow absorp-
tion, thereby reducing peak plasma levels and contributing
to diuretic resistance.>!* The absorption of furosemide is
slower than its elimination half-life, a phenomenon known
as “absorption-limited” or “flip-flop” kinetics; the mean
bioavailability of this drug is 50%, but absorption is quite
variable and may be influenced by food intake.’ Ethacrynic
acid and bumetanide have greater oral bioavailability and
undergo hepatic metabolism.

Furosemide and bumetanide are sulfonamide loop-type
diuretics, whereas ethacrynic acid is a derivative of aryloxy-
acetic acid.'® Therefore, ethacrynic acid is an alternative for
patients with allergy to furosemide or bumetanide.?%2! The
risk of permanent hearing loss or deafness with ethacrynic
acid contributes to its limited clinical use.?? Guidelines make
recommendations on dose and frequency but do not recom-
mend any particular loop diuretic over another.”® However,
furosemide is the most commonly administered loop diur-
etic in patients with HF.>23 Perhaps its popularity is based
upon collective experience and longevity, given that it was
the first loop diuretic approved by Health Canada, in 1966.

Loop diuretics are the most potent diuretics, resulting
in fractional excretion of sodium (FENA)—a standard
measure of diuretic potency—of 20%-25% in healthy volun-
teers.!>2* After a period of natriuresis, loop diuretics result
in a period of enhanced renal sodium avidity, referred to
as rebound sodium reabsorption.!> Depending on the loop
diuretic type, dose, and frequency, rebound sodium reab-
sorption can be of sufficient magnitude to completely offset
the natriuresis induced by a given dose of loop diuretic.!>2*
To minimize the impact of rebound sodium reabsorption
in patients with ADHEF, loop diuretics should be adminis-
tered at least twice daily.>!®

Over repeated doses, loop diuretics lose their natri-
uretic potency. As a result, the FENA in HF patients
receiving long-term loop diuretic therapy decreases from
20%-25% to 10%-15%.2* This sequential loss in potency is
referred to as the “braking effect”!®> Over the short term, it
is mediated by transient decreases in intravascular volume.
Reduced intravascular volume reduces renal perfusion and
sodium delivery to the glomerulus and activates the renin-
angiotensin-aldosterone and sympathetic nervous sys-
tems.?* This neurohormonal activation increases sodium
reabsorption, thereby reducing natriuresis.> Over the longer
term, loss of loop diuretic potency results from distal tubu-
lar hypertrophy and increased NaCl symporter expression
with subsequent increases in NaCl reabsorption.!®

Guidelines rely on the Diuretic Optimization Strat-
egy Evaluation (DOSE) study to direct recommendations
on initial loop diuretic dose. The DOSE study!? compared
low- versus high-dose IV furosemide strategies in recently

admitted patients with ADHF (Table 3). Low-dose ther-
apy was defined as an IV dose equivalent to the patient’s
home oral dose (in milligrams), and high-dose therapy was
defined as an IV dose equivalent to 2.5 times the patient’s
home oral dose (in milligrams).!? For example, patients
receiving furosemide 40 mg PO twice daily at home would
be given 40 mg IV twice daily or 100 mg IV twice daily in
the low- and high-dose groups, respectively. There were no
differences in the primary outcome of global assessment
of symptoms at 72 hours.!? However, patients in the high-
dose group experienced significantly greater urine output,
weight loss, and relief of dyspnea without a concomitant
decrease in glomerular filtration rate.!? There was no dif-
ference between the treatment arms in terms of worsening
or persistent HF or treatment failure. On the basis of this
study, guidelines recommend initial furosemide dosing on
admission at 2 to 2.5 times the previous home dose, with
diuretic-naive patients receiving a lower dose (20-40 mg).
The DOSE trial had several notable limitations. All of the
patients had chronic HF and required approximately 80
to 240 mg/day of furosemide or the equivalent amount of
other loop diuretics. As a result, the findings may not be
applicable to patients with newly diagnosed HF, and the
trial was not powered to detect differences in clinical events.
The median time from presentation to randomization was
approximately 15 hours, by which time many patients had
already received diuretic therapy, and the trial also allowed
for adjustments in diuretic dosage 48 hours after randomiz-
ation. These factors may have influenced the trial outcomes.

Continuous infusion of loop diuretics is believed to con-
fer additional benefits over bolus injection, with less variabil-
ity in peak plasma concentration (which consistently results
in persistent urine output) and less risk of electrolyte disturb-
ance.>?32 Continuous infusion has also been suggested to
allow more consistent delivery of drug to the nephron, lead-
ing to more efficient diuresis, preventing rebound sodium
retention and fluid reabsorption, and causing less neuro-
hormonal activation, but it may also be associated with
hypotension and acute kidney injury.!*2-*2 Five systematic
reviews of intermittent bolus versus continuous infusion
of furosemide to treat fluid overload in acute HF were ana-
lyzed here (Table 4). This literature suggests that continuous
infusion led to greater weight loss and urine output, but the
clinical significance was small.'>?-*2 There were no signifi-
cant changes in electrolyte disturbances, serum creatinine,
or hypotension in either treatment arm. Various limitations
of the studies included in these systematic reviews were
noted, such as small sample sizes, heterogeneity of patients,
crossover design without sufficient wash-out period, differ-
ing diuretic dosages and duration, differences in the use of
concomitant medications, differences in reporting of adverse
events, and differences in primary outcomes.!*?-*2 In addi-
tion to these systematic reviews of bolus versus continuous
infusion, a retrospective analysis of the ASCEND-HF trial,
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which involved 5738 patients with stable diuretic therapy in
the first 24 hours, was conducted.® This analysis showed that
continuous infusion was associated with greater weight loss,
greater urine output, greater change in renal function, and
worsening HF. However, the continuous infusion arm con-
sisted of a sicker population, for whom higher diuretic dos-
ages were required.

Overall, the choice of continuous versus intermittent
infusion of furosemide depends on the individual’s clin-
ical condition. It is common to trial furosemide infusions
as a secondary strategy if bolus administration fails to
achieve the clinical end point of decongestion. A continu-
ous infusion of furosemide may be started at 5 mg/h and
titrated up to 40 mg/h as needed.!*!¢ Thiazide diuretics may
be added to the continuous infusion to augment diuresis.!*

Thiazide Diuretics

Thiazide diuretics target the NaCl channel in the distal
tubule.> Table 5 summarizes the pharmacokinetics of thiaz-
ide diuretics.!%'%1° Hydrochlorothiazide, chlorthalidone,
and metolazone have bioavailabilities of approximately 60%-
80% and undergo primarily renal excretion. Indapamide has
a bioavailability of 93% and undergoes hepatic metabolism.
Chlorthalidone has the longest half-life, 40-60 hours, as
compared with less than 24 hours for hydrochlorothiazide,
indapamide, and metolazone. If congestion persists after
careful maximization of loop diuretic therapy over the first
24-48 hours, adjunctive diuretics should be added. Thiazide
and thiazide-like diuretics are recommended as second-
line agents.? They are relatively weak diuretics, resulting in
a FENA of 5%-8%.> However, when used in HF patients
who are receiving long-term loop diuretic therapy, they
cause marked diuresis and natriuresis.>* These patients have

compensated nephrons with distal tubular hypertrophy and
increased NaCl channel density. Thiazides specifically target
this hyperabsorptive segment, causing marked and synergis-
tic diuresis when combined with loop diuretics. The addition
of thiazides in this manner has been referred to as “sequential
nephronal blockade”.?* Traditionally, thiazides are adminis-
tered 30-60 minutes before a dose of loop diuretic, but there
have been no randomized controlled trials to evaluate this
strategy; rather, this practice is based on expert opinion.
Metolazone is a thiazide-like diuretic most often used
as an adjunct to loop diuretics when combination therapy
is required to meet decongestive targets.>>** There are no
large randomized, controlled trials showing superiority
of metolazone over other thiazide diuretics when added
to loop diuretics to augment diuresis.?® It has been sug-
gested that metolazone does not decrease glomerular filtra-
tion rate,** and it was widely believed that thiazides were
ineffective in patients with glomerular filtration rate less
than 30 mL/min. However, studies have demonstrated that
combination regimens of furosemide and hydrochloro-
thiazide are more potent than either agent alone for increas-
ing fractional excretion of sodium and chloride in patients
with hypertension and stage 4 or 5 chronic kidney disease.>¢
Chlorthalidone therapy improved blood pressure control
in patients with stage 4 chronic kidney disease and poorly
controlled hypertension.*” Diuretic efficacy is a function of
drug delivery to the site of action; as such, higher doses are
needed for patients with renal dysfunction.
Chlorthalidone,*® indapamide,* and hydrochloroth-
iazide!® have also been studied in acute HF. These small,
short-duration trials looked at changes in urinary sodium
or body weight and did not meet the inclusion criteria
for the current review. Salahudin and others* conducted

TABLE 5. Pharmacokinetic and Pharmacodynamic Properties of Thiazide Diuretics

Property Hydrochlorothiazide Chlorthalidone Indapamide Metolazone

Relative potency 1 2 20 10

Equivalent dose (mg) 50 25 2.5 5

Bioavailability (%) 60-80 60-70 93 65

Onset (h) 2 2-3 1-2 1

Time to peak serum 4-6 2-6 2 2

concentration (h)

Protein binding (%) About 40 About 80 About 75 About 95

Clearance Renal: about 50%-70% Renal: about 30%-75% Renal: about 70% (5%—7% Renal: about 80%

Minimal hepatic Minimal hepatic as unchanged drug) Minimal hepatic
metabolism metabolism Extensive hepatic metabolism
metabolism

Half-life (h) 6-15 40-60 4-22 8-14

Average duration of action (h) 6-12 24-72 Up to 36 12-24

Maximum daily dose (mg) 200 200 5 20

Canadian Journal of Hospital Pharmacy | Journal canadien de la pharmacie hospitaliere < XXXX;XX(X):e3323 « https://doi.org/10.4212/cjhp.3323


https://doi.org/10.4212/cjhp.3323

a randomized, controlled trial in 150 patients who had
no response to furosemide 40 mg IV administered every
8 hours. The patients then received either metolazone 5 mg
PO daily or indapamide 2.5 mg PO daily in conjunction
with the same dosage of IV furosemide. On days 3 and
5, there were no differences in urinary sodium excretion,
urine output, or weight loss.*

The CLOROTIC trial was the first large (n = 230) ran-
domized, double-blind, placebo-controlled trial comparing
hydrochlorothiazide with placebo, in patients with ADHF
who were already receiving IV furosemide (see Table 3).26
The IV furosemide was administered by intermittent bolus
every 12 hours, at the same dose as the outpatient oral dose,
and the hydrochlorothiazide dosage, determined according
to creatinine clearance, ranged from 25 to 100 mg PO daily
for 5 days. The primary end points were change in weight
and patient-reported dyspnea. Patients who received hydro-
chlorothiazide achieved greater weight loss at 72 hours (net
difference -1.14 kg, 95% confidence interval [CI] -1.84 to
-0.42 kg; p = 0.002). There was no significant difference in
patient-reported dyspnea. This study had several limita-
tions. It was terminated early because of low enrolment: the
authors had originally targeted 304 patients but enrolled
only 230. In addition, there were significant differences
between the hydrochlorothiazide and placebo groups at
baseline, in terms of sex (39.5% vs 56.9% female), systolic
blood pressure (121 mm Hg versus 130 mm Hg), body mass
index (30 versus 33), and ischemic cardiomyopathy (40.4%
vs 25.2%). Many patients did not have severe congestion,
with approximately 38% reporting New York Heart Asso-
ciation functional class I or II HF. Moreover, there was no
explicit congestion requirement for inclusion. If the study
had been limited to patients with greater symptom severity
and congestion, a greater reduction in weight might have
been observed. Lastly, patients who participated in the trial
had chronic HF and were receiving loop diuretics before
admission; as such, the findings may not be applicable to
patients with newly diagnosed HF.

Carbonic Anhydrase Inhibitors

A single carbonic anhydrase inhibitor was investigated in
this review. Acetazolamide is recommended as a third-line
diuretic for those with ongoing congestion despite the use of
loop diuretics and thiazides.® This drug interrupts sodium
and bicarbonate reabsorption in the proximal tubule,!
which is the segment responsible for approximately 65% of
total sodium reabsorption under normal physiologic condi-
tions.® Acetazolamide has excellent oral bioavailability, with
peak activity at 2 hours, and has a half-life of 4-8 hours in
patients with normal renal function.*> Approximately 70%-
100% of the drug is excreted unchanged in the urine.!®!% A
meta-analysis on the use of acetazolamide in patients with
stable or decompensated HF (n = 229) reported dosages
ranging from 250 mg to 1.5 g daily.*3

Acetazolamide exhibits weak inherent diuretic action,
resulting in a FENA of 4%.° However, like thiazides, it
is substantially more potent when used in patients with
longstanding exposure to loop diuretics. In addition to
compensatory changes in the distal tubule, long-term use
of loop diuretics results in hyperabsorptive adaptations of
the proximal tubules.>** Targeting this adapted segment
with acetazolamide results in further synergistic diuresis.
Furthermore, through its bicarbonate-wasting mechanism,
acetazolamide can improve the metabolic alkalosis that fre-
quently accompanies aggressive diuresis. Metabolic alkalosis
reduces respiratory drive, cardiac contractility, and loop
diuretic responsiveness, while exacerbating hypokalemia
and hypophosphatemia.*®

The ADVOR trial (n = 519) showed resolution of decon-
gestion within 3 days of adding acetazolamide 500 mg IV
daily to standardized IV loop diuretics at a dose equivalent
to twice the patient’s oral maintenance dose (Table 3).2” The
total administered dose of IV loop diuretic was similar in
the 2 treatment arms. Successful decongestion occurred in
42.2% of patients in the acetazolamide group and 30.5% of
those in the placebo group (risk ratio 1.46, 95% CI 1.17 to
1.82; p < 0.001). The study had several limitations. White
participants were overrepresented (acetazolamide 99.6%
vs placebo 98.5%), which made generalization of results to
other racial and ethnic groups questionable. The patients
had a history of chronic HF and were receiving outpatient
treatment with at least 40 mg equivalent of furosemide;
therefore, the results may not be applicable to patients with
newly diagnosed HF. Thiazides and amiloride were discon-
tinued on enrolment, and the benefits and risks of these
treatments with concomitant acetazolamide are unknown.

Mineralocorticoid Antagonists

An increase in plasma aldosterone levels is associated
with progression of myocardial damage during an acute
phase of HF and with poor prognosis in patients who have
acute HE.#6-° MR Asareanimportant partof guideline-based
HF management and have been associated with reductions
in all-cause mortality, death from cardiovascular causes,
and HF hospitalizations,*®4%>! but they are ineffective as
decongestive agents. Spironolactone and eplerenone have
good oral bioavailability, with peak activity in 2-4 hours.!%18
Spironolactone is rapidly and extensively metabolized to
several metabolites, including canrenone and the sulfur-
containing 7-thiomethylspirolactone, both of which are
pharmacologically active. Approximately 25%-30% of
spironolactone is converted to canrenone, which has a half-
life of 9-23 hours.!® This metabolite is thought to be primar-
ily responsible for the drug’s therapeutic effects. The half-life
of 7-thiomethylspirolactone is approximately 14 hours.!®:18
Eplerenone also undergoes extensive hepatic metabolism
and has a half-life of 3-6 hours.!®!® MRAs are weak diuret-
ics, resulting in a FENA of 2%.3 In the Athena-HF trial, there
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were no significant changes in any decongestion parameters
when spironolactone 100 mg PO daily was added to ther-
apy for patients who presented with acute HF (Table 3).
Decongestion parameters were secondary outcomes in this
study. Approximately 25% of the patients were receiving
MRA therapy before enrolment, which may have affected
the treatment effect observed. The trial was only 96 hours
in duration, which may have influenced the degree of diur-
esis achieved. The EARLIER trial of eplerenone in acute
HF did not report any congestion parameters (Table 3).28
Although they are ineffective as diuretics, MRAs can be
used to minimize the hypokalemia associated with aggres-
sive diuretic therapy.

DISCUSSION

Adequate decongestion is often not achieved during hospi-
tal admission. Patients with HF for whom complete decon-
gestion is achieved in hospital have improved outcomes
relative to those without complete decongestion. It is neces-
sary to review the evidence on the importance of attaining
decongestion and to provide potential practical targets for
the use of diuretics. In a post hoc analysis of the DOSE-
AHF and CARESS-HF studies (n = 496), only half of the

patients were free from signs of congestion at discharge.*?
Peripheral edema, elevated jugular venous pressure, and
orthopnea were used as markers of congestion. Patients
discharged without congestion had lower rates of death,
readmission, and urgent clinic or ED visits (50%) com-
pared with those who had low-grade congestion (52%) or
high-grade congestion (68%) (p = 0.038).%% A retrospective
analysis of the DOSE study showed that weight loss, fluid
loss, and N-terminal prohormone B type natriuretic pep-
tide (NT-proBNP) at 72 hours were poorly correlated with
dyspnea relief.!! However, improvements in each of these
3 markers were associated with improved clinical outcomes
(death, hospitalization for HF, ED visit for HF) at 60 days.
Each 1000-mL increment in net fluid output was associated
with a 6% reduction in risk of the combined clinical end
point at 60 days. Each 1.8-kg weight loss at 72 hours was
associated with a 9% reduction in risk, and each 10% reduc-
tion in NT-proBNP from baseline was associated with a 5%
reduction in risk. A retrospective analysis of the PROTECT
study (n = 1572) found that all-cause mortality at 180 days
more than doubled among patients with substantial con-
gestion at day 7 compared with those who had no or mild
congestion (hazard ratio [HR] 2.13, 95% CI 1.66 to 2.73). The
risk of hospitalization due to HF at day 60 was significantly

Start diuretic treatment with initial IV dose of furosemide corresponding to 2—2.5 times daily oral dose taken by
patient before admission. If patient was not taking oral diuretic, use a starting dose of 20—-40 mg of IV furosemide?

Satisfactory diuretic response defined as urine sodium content > 50—-70 mmol/L at 2 h and/or urine output
> 100-150 mL/h during first 6 h or 3-5 L in 24 h and/or weight change 0.5-1.5 kg in 24 h

\ 4

If parameters not met within 24 h, consider
doubling the IV furosemide dose?

Parameters met: continue
treatment until appropriate
diuresis achieved

Weight change greater than 1.5 kg/d or
urine output greater than 5 L/day: consider
reducing furosemide dose 25%—-50%

A

\ 4

If parameters not met, add thiazide
diuretic PO daily x 5 days; frequency to be
determined by diuretic response

If parameters not met, add acetazolamide
500 mg IV daily x 3 days

\4

If parameters not met, consider switching from bolus to
continuous infusion of furosemide® or add ionotropic support
in conjunction with nephrology or cardiology support

FIGURE 1. Algorithm for diuretic management in patients with acute heart failure and volume overload. 2Ethacrynic acid 50 mg or 0.5—1 mg/kg
per IV dose (maximum single dose 100 mg). ®Dose of diuretic may be adjusted based on clinician discretion. “Furosemide infusion may be started

earlier if hypotension is present or at clinician’s discretion.
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greater in patients with substantial residual congestion at
day 7 (HR 1.88, 95% CI 1.43 to 2.46).5 Earlier administra-
tion of furosemide in ED patients with decompensated HF
may improve mortality. In a multicentre cohort of 1291
ED patients with acute HF, the 481 patients who received
IV furosemide within 90 minutes of arrival in the ED had
significantly lower inpatient all-cause mortality than those
who received this form of therapy after 90 minutes (2.3%
versus 6%, p = 0.002).1°

The Canadian, US, and European HF guidelines state
that IV loop diuretics are first-line therapy for patients with
ADHF who present with pulmonary or peripheral conges-
tion. Loop diuretic therapy should be maximized before
other adjunctive diuretic classes are added (Figure 1). Early
biochemical targets have been identified to direct the early
and rapid escalation of loop diuretic dose. A satisfactory
diuretic response can be defined as urine sodium content
greater than 50-70 mmol/L at 2 hours; urine output greater
than 100-150 mL/h during the first 6 hours or 3-5 L in
24 hours; or weight change of 0.5-1.5 kg in 24 hours.”® Data
suggest that muted natriuretic responses to early doses of
loop diuretics predict diuretic resistance, worsening renal
function, readmission, and death in patients with ADHF.>
If this target is not met, it is recommended to double the
subsequent dose of loop diuretic dose.> Frequent reassess-
ments, over the initial 24-48 hours, should trigger thought-
ful up-titration of loop diuretic dose in those with ongoing
refractory congestion. Therapy for acute HF continues to
evolve. The STRONG-HEF trial (n = 1078) showed that an
intensive treatment strategy, consisting of rapid up-titration
of guideline-directed medication and close follow-up after
admission for acute HF, improved quality oflife and reduced
the risk of 180-day all-cause death or HF readmission com-
pared with usual care.>® The EMPULSE trial (n = 530)
showed that empagliflozin started during hospitalization
for acute HF reduced 90-day all-cause mortality, number
of HF events, and time to first HF event, as well as improv-
ing quality of life.>> Large randomized controlled trials are
needed to evaluate optimal diuretic strategies for patients
presenting with ADHE.

The management of congestion due to HF may include
restriction of dietary sodium and fluid. The evidence to sup-
port these concepts is scarce, and some evidence suggests
the opposite of current clinical practice.” The Canadian
Cardiovascular Society suggests that patients with HF
should restrict dietary salt intake to between 2 and 3 g/day
and should restrict fluid intake to approximately 2 L/day for
patients with fluid retention or congestion that is not easily
controlled with diuretics.” In clinical practice, sodium is
often restricted to less than 2 g/day and fluid to 1.5-2 L/day.
With these targets in place, the goal is 0.5-1.5 kg of weight
loss per 24-hour period while a patient with volume over-
load is undergoing active diuresis.” High-quality data on
this topic are lacking.

The recently published SODIUM-HF study is the lar-
gest trial of its type to date, with longer follow-up than
previous studies evaluating sodium intake in patients
with HF. The trial was an international, open-label, ran-
domized, controlled trial that enrolled 806 patients (about
60% from Canada) who were followed for 12 months.’®
A dietary sodium target of less than 100 mmol (1500 mg/
day) was prescribed for the low sodium group, whereas the
control group received usual care. At 12 months, median
sodium intake was 1658 (range 1301-2189) mg/day in the
low sodium arm and 2073 (range 1541-2900) mg/day in the
control group. There was no difference in terms of reduction
in hospital admission or ED visits due to cardiovascular
causes or all-cause mortality.>® The lack of benefit may have
been due to limited statistical power related to early ces-
sation of the trial when the COVID-19 pandemic reduced
hospital admissions.>” The study had a lower-than-expected
event rate of 17% at 12 months, whereas the expected event
rate was 25%.8 It remains to be seen how HF guidelines will
incorporate this study into practice.

CONCLUSION

Diuretics are the primary decongestive agents used in
treating HF. As opposed to medications that target neuro-
hormonal compensatory mechanisms, the evidence guiding
diuretic therapy in acute HF is sparse. In this context, recent
recommendations provide practical support for clinicians
managing the care of hospitalized patients with ADHF.
Safe and effective diuresis is a dynamic process and requires
serial reassessments of data-based clinical and biochemical
markers and end points. Careful administration of high-
dose loop diuretics, supported by thiazides and acetazola-
mide when necessary, is an increasingly evidence-based
diuretic strategy. Clinical trials are underway to further
evaluate this strategy.
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