M University
of Glasgow

Khan, J., Graham, F. J., Masini, G., laconelli, A., Friday, J. M. , Lang, C.
C. and Pellicori, P. (2023) Congestion and use of diuretics in heart failure and

cardiomyopathies: a practical guide. Current Cardiology Reports, 25(5), pp.
411-420. (doi: 10.1007/s11886-023-01865-y)

This is the author version of the work. There may be differences between this
version and the published version. You are advised to consult the published
version if you want to cite from it:
https://doi.org/10.1007/s11886-023-01865-y

https://eprints.gla.ac.uk/294960/

Deposited on 23 March 2023

Enlighten — Research publications by members of the University of Glasgow

http://eprints.gla.ac.uk



http://eprints.gla.ac.uk/view/author/46938.html
http://eprints.gla.ac.uk/view/author/53210.html
http://eprints.gla.ac.uk/view/author/63238.html
http://eprints.gla.ac.uk/view/author/70320.html
http://eprints.gla.ac.uk/view/author/38222.html
https://eprints.gla.ac.uk/view/journal_volume/Current_Cardiology_Reports.html
https://doi.org/10.1007/s11886-023-01865-y
https://doi.org/10.1007/s11886-023-01865-y
https://eprints.gla.ac.uk/294960/
http://eprints.gla.ac.uk/

Congestion and Use of Diuretics in Heart Failure and Cardiomyopathies: A Practical Guide

Javed Khan?, Fraser J Graham?, Gabriele Masini?, Antonio laconelli?, Jocelyn M Friday?, Chim
C Lang!4, Pierpaolo Pellicori?

Short title: Management of congestion in heart failure

INHS Tayside, Dundee; 2School of Cardiovascular and Metabolic Health, University of
Glasgow, Glasgow, UK; 3Cardiothoracic and Vascular Department, University of Pisa,
Pisa, Italy; Department of Cardiovascular Medicine, Fondazione Policlinico Universitario
A. Gemelli IRCCS, 00168, Rome, Italy; “Department of Molecular and Clinical Medicine,
School of Medicine, University of Dundee, Dundee, UK

Corresponding author:

Javed Khan (drjikhan@hotmail.com)

Keywords: congestion, diuretics, heart failure, management, ultrasound.

Abstract

Purpose of the review: Heart failure is a highly prevalent condition caused by many different
aetiologies and characterised by cardiac dysfunction and congestion. Once developed,
congestion leads to signs (peripheral oedema) and symptoms (breathlessness on exertion),
adverse cardiac remodelling, and an increased risk of hospitalisation and premature death.
This review summarises strategies that could enable early identification and a more objective
management of congestion in patients with heart failure.

Recent findings: For patients with suspected or diagnosed heart failure, combining an
echocardiogram with assessment of great veins, lungs and kidneys by ultrasound might
facilitate recognition and quantification of congestion, the management of which is still
difficult and highly subjective.

Summary: Congestion is a one of the key drivers of morbidity and mortality in patients with
heart failure and is often under-recognised. Use of ultrasound allows for a timely,
simultaneous identification of cardiac dysfunction and multi-organ congestion; ongoing and
future studies will clarify how to tailor diuretic treatments in those with or at risk of heart
failure.



Introduction

Heart failure can be defined as cardiac dysfunction associated with salt and water retention,
also known as congestion2. In most patients with heart failure, congestion develops
gradually3. A reduced cardiac output activates the renin-angiotensin-aldosterone system
(RAAS) and increases the secretion of a hormone called arginine vasopressin (AVP). These
compensatory mechanisms cause sodium and water retention (RAAS)* and stimulate thirst
(AVP)° to maintain blood pressure and perfusion to vital organs3. However, an expansion of
circulating blood volume will exacerbate symptoms and signs of heart failure, dilate the left
ventricle further and worsen mitral regurgitation, predispose to atrial and ventricular
arrhythmias, and eventually lead to pulmonary hypertension and right ventricular
dysfunction. At this point, many patients are usually admitted to the hospital for aggressive
anti-decongestive treatments to prevent further clinical deterioration®’.

Prevalence and outcome of clinical congestion

Many patients hospitalised with heart failure have severe symptoms and signs of congestion®.
Data from the national heart failure audit conducted in England and Wales in 2019 and 2020
reported moderate or severe peripheral oedema in 56% of patients with acute heart failure®.
Increasing severity of congestion at admission is associated with a longer hospital stay'%'?,
persistent congestion at discharge®, and a high risk of early re-hospitalisation and one-year
mortality’.

In modern cohorts of ambulatory patients with heart failure, the prevalence of clinical signs
of congestion is much lower if compared to those hospitalised: only 14.2%, 9.7%, 9.5% and
7.9% of patients with heart failure and reduced left ventricular ejection fraction (HFrEF)
enrolled in the PARADIGM-HF trial had peripheral oedema, distended jugular vein, third heart
sound and pulmonary rales, respectively!?; most (70%) were free of signs of congestion. In
the American cohort of patients with heart failure with preserved ejection fraction (HFpEF)
enrolled in TOPCAT, the presence of peripheral oedema was common (71%), but other signs
were infrequent!3, For patients with heart failure followed-up in primary care, clinical
features of congestion are not associated with the severity of left ventricular systolic
dysfunction!® but rather with the aetiology of heart failure. For example, patients with heart
failure of ischaemic aetiology are more likely to report more severe symptoms than those
whose heart failure is due to other causes!>. More consistently, clinical signs of congestion
are associated with older age, higher levels of natriuretic peptides, a greater use of loop
diuretics, and poor outcomes?*®1’,

How can we detect and monitor congestion?

Signs and symptoms of heart failure have traditionally been considered an essential
component of its diagnosis but are usually identified late and only when congestion is severe.
Notably, many other conditions can lead to breathlessness on exertion or peripheral oedema;
therefore, their sensitivity and specificity for detecting congestion due to cardiac dysfunction
are very low!’. A chest radiograph is routinely requested in those attending hospital with
dyspnoea, but it is more valuable in excluding other reasons for breathlessness instead of
diagnosing heart failure'®. Natriuretic peptides are hormones secreted by the heart in
response to pressure or fluid overload, and guidelines recommend measuring their levels to



determine the need for specialist evaluation'®. When low, they exclude severe cardiac
dysfunction and congestion and provide reassurance, while high levels indicate a more
dangerous situation. However, considerable expertise is required to interpret their levels, as
they are influenced by age, atrial fibrillation, renal function, sex and body mass index?%=2>, A
recent meta-analysis of 19 trials (>4500 patients) suggests that serial assessment of
natriuretic peptides might guide therapy and reduce the risk of heart failure hospitalisation
(by 20%) and death (by 13%) in those with heart failure?®. Other biomarkers associated with
tissue oedema (adrenomedullin)?’ and congestion due to right ventricular dysfunction,
haemodynamic stress and inflammation (CA-125)%® might improve risk stratification and help
to tailor treatments in those with heart failure, but more evidence is required to support the
use of these strategies in routine clinical practice.

Echocardiography is a fundamental diagnostic test to identify the underlying cause of
congestion and formulate an initial management plan for those with suspected heart failure.
Once heart failure is confirmed, guidelines do not recommend serial echocardiographic
evaluation unless there is suspicion of substantial clinical deterioration. In recent years,
ultrasound has been increasingly used to quantify congestion rapidly, safely, and with a high
precision, in many organs. A dilated inferior vena cava (IVC) with a reduced inspiratory
collapse is a sign of elevated right atrial pressure and intravascular congestion?°. Assessment
of IVC by ultrasound provides important clinical and prognostic information in patients with
acute or chronic heart failure and its serial evaluation might be used to track response to
diuretics3%34, The diameter of the internal jugular vein, and its changes with respiratory
manoeuvres, can be measured with a linear ultrasound probe in any patient with heart
failure, with good reproducibility®®. In normal conditions, the resting diameter of the internal
jugular vein increases more than four times during a Valsalva manoeuvre. A distended
internal jugular vein diameter at rest with little or absent increase during a Valsalva correlates
with more severe congestion and right ventricular dysfunction and identifies patients at
greater risk of hospitalisation and death3®. Sonographic assessment of the lung parenchyma
helps to differentiate between cardiac and non-cardiac dyspnoea; thereby, it might facilitate
a diagnosis of heart failure and pulmonary congestion3’. With increasing interstitial fluids in
the lungs, some vertical hyperechoic lines, called B-lines or comet-tail artefacts, can be
visualised below the pleural line. Their increasing number is associated with a greater risk of
hospitalisation or death in both in- and out-patients with heart failure3”-38, Whether serial
lung ultrasound can guide therapy and reduce congestion as well as the risk of future
cardiovascular events is currently under evaluation; results are encouraging so far3%4%, The
assessment of renal venous flow can be added to this battery of ultrasonographic tests to
improve identification of congestion and risk stratification®!.

Other non-invasive, low-cost technologies such as remote dielectric sensing (ReDS)*?, near-
infrared spectroscopy (NIRS)*3, whole body bio-impedance and acoustic cardiography** can
also quantify congestion in different organs and tissues. However, more data is required to
understand their usefulness as diagnostic and monitoring tools in patients with heart failure.

For symptomatic patients with heart failure, invasive pulmonary artery pressure monitoring
using implantable sensors might assist clinicians in managing congestion. In the recent
GUIDE-HF trial, haemodynamic-guided management of congestion reduced heart failure
hospitalisation but not mortality, and it remains unclear to whom this expensive technology
should be offered*>4®,



Treatment options

In general, the management of congestion in patients with heart failure does not depend on
aetiology or phenotype, and various therapies can be combined (Table 1, Figure 1).

1) Diuretics

Loop diuretics (furosemide, bumetanide, torasemide) are a cornerstone of treatment for
congestion. They inhibit the sodium-potassium-chloride co-transporter in the thick ascending
limb of the loop of Henle in the nephrons, causing increased sodium excretion, thereby
enhancing diuresis. Loop diuretics can be administered either as repeated daily intravenous
boluses or a continuous infusion*” in those hospitalised with acute heart failure or,
alternatively, as outpatient day case appointments*®. The initial intravenous bolus is typically
40-50 mg of furosemide in those naive to loop diuretics, whilst higher doses are frequently
required in those already on oral formulations or with renal dysfunction. Early evaluation of
urinary volume or sodium excretion might identify those in whom a dose intensification is
warranted*’. Novel furosemide formulations for subcutaneous administration are currently
being developed and tested in clinical practice?®.

Loop diuretics have been used for many decades in ambulatory patients with heart failure;
however, the level of evidence for their use is still based on expert opinion rather than on
findings from randomised trials. Retrospective studies suggest a high risk of hospitalisation
and death associated with their long-term use, particularly when higher doses are required
to control refractory congestion'®. Furosemide is the most used loop diuretic in clinical
practice. TRANSFORM-HF, an open-label, pragmatic randomised trial that enrolled 2859
patients hospitalised with heart failure, did now show long term survival improvement with
the use of torsemide vs furosemide (26.1% vs 26.2% respectively, p=0.77)°.

Current guidelines recommend prescribing the lowest dose of loop diuretics that maintains
euvolaemia®®. A small, randomised trial (n=188 patients) conducted in Brazil suggested that
many patients with HFrEF who were taking <80 mg furosemide/day and who had mild or no
symptoms of congestion, were able to discontinue loop diuretics safely °1. This is important
in routine clinical practice, as tapering loop diuretic dosage or complete withdrawal might
avoid exposure to unnecessary medications and potential side effects, while simultaneously
allow the introduction and up-titration of other heart failure medications proven to improve
clinical outcomes.

When loop diuretics are not sufficient to achieve adequate diuresis, the addition of another
diuretic, e.g., a thiazide (or thiazide-like) diuretic, such as metolazone or
bendroflumethiazide, could be effective®2. However, this combination requires frequent renal
function and electrolyte monitoring due to the increased risk of hypokalaemia, hyponatremia
and a substantial drop in estimated glomerular filtration rate. A a recently reported single-
centre, double-blind trial, that tested administration of hydrochlorothiazide 50 mg for three
days in addition to loop diuretics in patients (n=51) admitted with acute heart failure, did not
meet its primary endpoint of daily weight reduction®. Conversely, the larger multicentre,
double-blind, placebo controlled CLOROTIC trial (230 patients) showed that addition of
hydrochlorothiazide to loop diuretics might facilitate decongestion in patients admitted with
an episode of heart failure, at the expense of a loss in renal function®*. Amongst the other
diuretics, acetazolamide has been receiving increasing attention in recent years due to its



capacity to block sodium reabsorption in the proximal convoluted tubule of the nephron. It
has been hypothesised that its concomitant use with a loop diuretic might increase the
efficacy of the latter>>. Recently, Mullens and colleagues recruited 519 patients with acute
heart failure in a double-blind, placebo-controlled trial that compared the addition of
intravenous acetazolamide at a dose of 500 mg once daily, vs placebo, to loop diuretics. This
trial showed that acetazolamide was safe and more effective than placebo in achieving
successful decongestion (defined as the absence of signs of fluid overload within 3 days after
randomisation)°®; however, its use did not affect the secondary endpoint of mortality or
rehospitalisation due to heart failure.

Mineralocorticoid receptor antagonists (MRAs — spironolactone and eplerenone) have a mild
diuretic effect. More importantly, they reduce morbidity and mortality in patients with
HFrEF>">® and perhaps even in those with higher left ventricular ejection fraction>%0,
Unfortunately, their prescription is still sub-optimal®2, Whether the mild diuresis associated
with their use plays a significant role in reducing the risk of adverse cardiovascular outcomes
is still unclear: MRAs might be cardioprotective via several other mechanisms, including, but
not limited to, a favourable effect on cardiac preload and afterload, and collagen
metabolism®364,

For patients with acute heart failure, the ATHENA-HF trial showed that adding high-dose
spironolactone to the standard care for four days did not reduce N-terminal pro brain
natriuretic peptide (NT-proBNP) levels, 30-day morbidity, or mortality when compared to the
placebo®. Notably, no patients treated with high dose spironolactone developed
hyperkalaemia (K>5.5 mEq/L), which is thought to be a common side-effect associated with
this treatment. Also, the proportion of patients receiving spironolactone who developed
worsening kidney function (28%) was similar to those (32%) assigned to standard care
(p=0.42). These findings may suggest that even higher doses might be required to unlock the
potential diuretic effect of the MRAs.

There is some evidence that certain diuretics used as a treatment for hypertension might also
prevent the development of overt clinical congestion and heart failure. In the ALLHAT trial,
compared to amlodipine and lisinopril, chlortalidone decreased the risk of developing heart
failure in those with hypertension and additional cardiovascular risk factors®®. In the HYVET
trial, which enrolled nearly 4,000 elderly individuals (mean age of 84 years, 60% female) who
had a systolic blood pressure of 160 mmHg or higher, indapamide (with or without
perindopril) led to a 64% reduction in the development of heart failure and reduced the risk
of all-cause mortality by 21% after a follow-up period of 1.8 years®’. In the HOMAGE trial,
spironolactone at 50 mg/day decreased NT-proBNP and left atrial volume in patients with
cardiovascular risk factors and pre-clinical congestion (raised NT-proBNP: 125-1000 ng/L)
during nine months of treatment®. In FIGARO-DKD, the use of finererone, a selective
nonsteroidal MRA, decreased the risk of various heart failure outcomes in patients with type
2 diabetes mellitus complicated by chronic kidney disease and albuminuria (n=7352, 15% on
loop diuretics), irrespective of baseline heart failure (7.8%) .

2) Sodium-Glucose Transport Protein 2 inhibitors (SGLT2i)

SGLT2i block the reabsorption of glucose from the proximal convoluted tubule of the
nephron, thereby causing glycosuria, which in turn leads to osmotic diuresis’®, lower left
ventricular filling pressures’?, and a decreased plasma volume”2. The role of SGLT2i on sodium



handling is unclear at present in patients with heart failure, even though natriuresis has been
proposed as one of the mechanisms by which SGLT2i might improve long-term outcomes in
heart failure’3. Using a placebo-controlled, crossover study design, Griffin and colleagues
found that empagliflozin increased fractional excretion of sodium, and enhanced natriuresis
when combined with an intravenous bolus of bumetanide in 20 patients with heart failure
and type |l diabetes’4. In contrast, in RECEDE-CHF, empagliflozin increased 24-hour urinary
volume within six weeks of treatment (the primary outcome) compared to placebo, but
without a significant increase in 24-h urinary sodium excretion or fractional sodium
excretion’>. Lack of strict control on salt or fluid intake might explain these different results.
More recently, in the small mechanistic, open-label DAPASALT study, 14 days of treatment
with dapagliflozin in patients with type Il diabetes and an estimated glomerular filtration rate
between 91-130 mL/min/1.73m? on a controlled sodium diet (150mmol/day), significantly
reduced systolic blood pressure without any effect on urinary sodium excretion’®. In clinical
practice, patients might require a lower dose of loop diuretics after initiating an SGLT2i, to
avoid risks of volume depletion””.

The benefits of SGLT2i for ambulatory patients with HFrEF are well established; increasing
evidence suggests that SGLT2i might improve congestion in those with acute heart failure.
Damman and colleagues performed a randomised, double-blind pilot trial where 80 patients
with acute heart failure were randomised to empagliflozin 10mg/day or placebo within
24 hours of presentation to the hospital’®. Compared to placebo, empagliflozin did not
change the primary outcomes of visual analogue scale dyspnoea score or NT-proBNP levels.
In a pre-defined post hoc analysis, empagliflozin increased urinary output and, expectedly,
fractional glucose excretion, but did not increase fractional sodium or urine osmolality’®. In
the EMPULSE trial (n=530), in-hospital initiation of empagliflozin (vs placebo) in patients with
acute heart failure led to greater clinical benefits at 90 days, including an effective and rapid
decongestion, and a lower rate of death (4.2% vs 8.3%)8. The safety and efficacy of early
initiation of SGLT2i in stabilised patients with heart failure before or soon after hospital
discharge are supported further by findings from the prematurely stopped SOLOIST-WHF
trial®l.

3) Angiotensin receptor neprilysin inhibitors (ARNI)

Angiotensin receptor neprilysin inhibitors (ARNI) block both angiotensin receptors (valsartan)
and neprilysin (sacubitril), an enzyme that degrades brain natriuretic peptide (BNP). The
resultant increase in BNP leads to enhanced natriuresis and vasodilation®2. The use of an ARNI
provides substantial clinical benefits to patients with HFrEF®3, Importantly, it decreases the
need for loop diuretics when compared to enalapril®4. In the PIONEER-HF trial, initiation of an
ARNI in patients with acutely decompensated heart failure after clinical stabilisation was safe
and, compared to enalapril, led to a greater decrease in plasma NTproBNP concentrations,
thereby suggesting a rapid diuretic effect (within a week)®.

4) Vaptans

AVP is secreted in response to hyperosmolality and hypovolaemia. One of its major roles is to
maintain organ perfusion. AVP increases water reabsorption from the filtrate in the renal
tubule into the circulation and, at high concentrations, also causes vasoconstriction.



Tolvaptan is an oral vasopressin receptor antagonist that improves weight loss® in those with
worsening heart failure and congestion and might increase serum sodium levels 8’28, but its
use has not been associated with improved outcomes in this population. Current guidelines
recommend considering Tolvaptan only in congested patients with HF and hyponatremia?'®.

Other possible interventions

Observational studies suggest that a higher salt intake might increase the risk of developing
cardiac events compared to salt restriction in patients with heart failure®°. A recent open-
label trial that enrolled nearly 21000 participants with elevated cardiovascular risk profiles
showed that replacing regular salt with salt-substitute (75% sodium chloride and 25%
potassium chloride by mass) might prevent stroke and death, including that due to heart
failure [rate ratio 0.88 (0.55—1.43)]°1. However, in another open-label, multicentre trial that
enrolled 806 ambulatory patients with heart failure, a low-sodium intake diet (i.e.,
<1500 mg/day) did not lead to a lower rate of clinical events compared to usual care during a
period of 12 months®2. A common issue, reported in more than 40% of patients with heart
failure, is low compliance to prescribed treatments that might lead to rapid disease
progression and an increased rate of hospitalisations®®®*. Educating, empowering, and
offering remote support to patients with heart failure might improve adherence to
medications and quality of care, thus translating into better outcomes®. Device therapy
might offer some clinical advantages for selected patients with severe congestion resistant to
medications or those with structural heart disease (for example, severe mitral or tricuspid
regurgitation)?®.

Conclusion

Congestion is one of the primary drivers of outcomes in patients with heart failure but is often
under-recognised and treated subjectively. Use of ultrasound allows for identification of
cardiac dysfunction and quantification of intravascular, renal or pulmonary congestion: future
studies will clarify how to best tailor treatment of congestion in those with or at risk of
developing heart failure.

Declarations

Acknowledgments

Fraser Graham has been awarded a research project grant from the British Heart Foundation
(PG/2019/35089).

Conflict of Interest

Pierpaolo Pellicori reports personal fees from Pharmacosmos, Vifor, and Caption Health,
payment of honoraria from AstraZeneca, support from Pharmacosmos for attending
meetings, outside the submitted work.



Fraser Graham reports receipt of sponsorship from Pharmacosmos to attend an international
meeting.

Jocelyn Friday reports grants from British Heard Foundation (RE/18/6134217).

The other authors declare that they have no conflict of interest.

Human and Animal Rights and Informed Consent

This article does not contain any studies with human or animal subjects performed by any of
the authors.

References:

Papers of particular interest, published recently, have been highlighted as:
» Of importance

+ Of major importance

1. *Cleland JGF, Pfeffer MA, Clark AL, et al. The struggle towards a Universal Definition
of Heart Failure—how to proceed? Eur Heart J. 2021;42(24):2331-2343.
doi:10.1093/eurheartj/ehab082
Authors propose a modern universal definition of heart failure, consisting of cardiac
dysfunction and congestion.

2. Cleland JGF, Pellicori P, Clark AL. Prevention or Procrastination for Heart Failure?:
Why We Need a Universal Definition of Heart Failurex*. J Am Coll Cardiol.
2019;73(19):2398-2400. doi:https://doi.org/10.1016/j.jacc.2019.03.471

3. Pellicori P, Kaur K, Clark AL. Fluid Management In Patients With Chronic Heart Failure.
Card Fail Rev. 2015;1(2):90. d0i:10.15420/cfr.2015.1.2.90

4. SKINNER SL, MCCUBBIN JW, PAGE IH. RENAL BARORECEPTOR CONTROL OF ACUTE
RENIN RELEASE IN NORMOTENSIVE,. Circ Res. 1964,;15:522-531.
doi:10.1161/01.RES.15.6.522

5. Francis GS, Benedict C, Johnstone DE, et al. Comparison of neuroendocrine activation
in patients with left ventricular dysfunction with and without congestive heart failure:
A substudy of the Studies of Left Ventricular Dysfunction (SOLVD). Circulation.
1990;82(5):1724-1729. doi:10.1161/01.CIR.82.5.1724

6. Chioncel O, Mebazaa A, Harjola VP, et al. Clinical phenotypes and outcome of
patients hospitalized for acute heart failure: the ESC Heart Failure Long-Term
Registry. Eur J Heart Fail. 2017;19(10):1242-1254. doi:10.1002/ejhf.890

7. Chioncel O, Mebazaa A, Maggioni AP, et al. Acute heart failure congestion and
perfusion status — impact of the clinical classification on in-hospital and long-term
outcomes; insights from the ESC-EORP-HFA Heart Failure Long-Term Registry. Eur J
Heart Fail. 2019;21(11):1338-1352. doi:10.1002/ejhf.1492

8. Shoaib A, Waleed M, Khan S, et al. Breathlessness at rest is not the dominant
presentation of patients admitted with heart failure. Eur J Heart Fail.
2014;16(12):1283-1291. doi:10.1002/ejhf.153

9. NATIONAL HEART FAILURE AUDIT (NHFA) 2022 Summary Report NATIONAL CARDIAC
AUDIT PROGRAMME The National Institute for Cardiovascular Outcomes Research
(NICOR). Published online 2022. Accessed February 7, 2023. www.hqip.org.uk/



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lala A, McNulty SE, Mentz RJ, et al. Relief and recurrence of congestion during and
after hospitalization for acute heart failure insights from diuretic optimization
strategy evaluation in acute decompensated heart failure (DOSE-AHF) and
cardiorenal rescue study in acute decompensated heart . Circ Heart Fail.
2015;8(4):741-748. doi:10.1161/CIRCHEARTFAILURE.114.001957

Javaloyes P, Mir6 O, Gil V, et al. Clinical phenotypes of acute heart failure based on
signs and symptoms of perfusion and congestion at emergency department
presentation and their relationship with patient management and outcomes. Eur J
Heart Fail. 2019;21(11):1353-1365. doi:10.1002/ejhf.1502

Selvaraj S, Claggett B, Pozzi A, et al. Prognostic Implications of Congestion on Physical
Examination Among Contemporary Patients With Heart Failure and Reduced Ejection
Fraction: PARADIGM-HF. Circulation. 2019;140(17):1369-1379.
doi:10.1161/CIRCULATIONAHA.119.039920

Selvaraj S, Claggett B, Shah SJ, et al. Utility of the Cardiovascular Physical Examination
and Impact of Spironolactone in Heart Failure With Preserved Ejection Fraction. Circ
Heart Fail. 2019;12(7):e006125. doi:10.1161/CIRCHEARTFAILURE.119.006125
Vijayakrishnan R, Steinhubl SR, Ng K, et al. Prevalence of Heart Failure Signs and
Symptoms in a Large Primary Care Population Identified Through the Use of Text and
Data Mining of the Electronic Health Record. J Card Fail. 2014;20(7):459-464.
doi:10.1016/J.CARDFAIL.2014.03.008

Corbalan R, Bassand JP, lllingworth L, et al. Analysis of Outcomes in Ischemic vs
Nonischemic Cardiomyopathy in Patients With Atrial Fibrillation: A Report From the
GARFIELD-AF Registry. JAMA Cardiol. 2019;4(6):526-548.
doi:10.1001/JAMACARDIO.2018.4729

Pellicori P, Cleland JGF, Zhang J, et al. Cardiac Dysfunction, Congestion and Loop
Diuretics: their Relationship to Prognosis in Heart Failure. Cardiovascular Drugs and
Therapy 2016 30:6. 2016;30(6):599-609. doi:10.1007/510557-016-6697-7

Mullens W, Damman K, Harjola VP, et al. The use of diuretics in heart failure with
congestion — a position statement from the Heart Failure Association of the
European Society of Cardiology. Eur J Heart Fail. 2019;21(2):137-155.
doi:10.1002/EJHF.1369

Mant J, Doust J, Roalfe A, et al. Systematic review and individual patient data meta-
analysis of diagnosis of heart failure, with modelling of implications of different
diagnostic strategies in primary care. Health Technol Assess (Rockv). 2009;13(32).
doi:10.3310/hta13320

McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: Developed by the Task Force for the
diagnosis and treatment of acute and chronic heart failure of the European Society of
Cardiology (ESC) With the special contributio. Eur Heart J. Published online August 27,
2021. doi:10.1093/eurheartj/ehab368

Wang TJ, Larson MG, Levy D, et al. Impact of age and sex on plasma natriuretic
peptide levels in healthy adults. American Journal of Cardiology. 2002;90(3):254-258.
do0i:10.1016/50002-9149(02)02464-5

Richards M, di Somma S, Mueller C, et al. Atrial fibrillation impairs the diagnostic
performance of cardiac natriuretic peptides in dyspneic patients: Results from the
BACH study (Biomarkers in ACute Heart Failure). JACC Heart Fail. 2013;1(3):192-199.
doi:10.1016/j.jchf.2013.02.004



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ulimoen SR, Enger S, Tveit A. Impact of atrial fibrillation on NT-proBNP levels in a 75-
year-old population. Scand J Clin Lab Invest. 2009;69(5):579-584.
doi:10.1080/00365510902853305

Tsutamoto T, Wada A, Sakai H, et al. Relationship between renal function and plasma
brain natriuretic peptide in patients with heart failure. J Am Coll Cardiol.
2006;47(3):582-586. doi:10.1016/j.jacc.2005.10.038

Lam CSP, Cheng S, Choong K, et al. Influence of sex and hormone status on circulating
natriuretic peptides. J Am Coll Cardiol. 2011;58(6):618-626.
do0i:10.1016/j.jacc.2011.03.042

Wang TJ, Larson MG, Levy D, et al. Impact of obesity on plasma natriuretic peptide
levels. Circulation. 2004;109(5):594-600. doi:10.1161/01.CIR.0000112582.16683.EA
McLellan J, Bankhead CR, Oke JL, Hobbs FDR, Taylor CJ, Perera R. Natriuretic peptide-
guided treatment for heart failure: a systematic review and meta-analysis. BMJ Evid
Based Med. 2020;25(1):33-37. doi:10.1136/BMJEBM-2019-111208

Voors AA, Kremer D, Geven C, et al. Adrenomedullin in heart failure: pathophysiology
and therapeutic application. Eur J Heart Fail. 2019;21(2):163-171.
doi:10.1002/ejhf.1366

Nufez J, de la Espriella R, Mifiana G, et al. Antigen carbohydrate 125 as a biomarker
in heart failure: a narrative review. Eur J Heart Fail. 2021;23(9):1445-1457.
doi:10.1002/EJHF.2295

*Pellicori P, Platz E, Dauw J, et al. Ultrasound imaging of congestion in heart failure:
examinations beyond the heart. Eur J Heart Fail. 2021;23(5):703-712.
doi:10.1002/EJHF.2032

Ultrasound can quantify congestion in the lungs, kidneys and great veins.

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for Cardiac Chamber
Quantification by Echocardiography in Adults: An Update from the American Society
of Echocardiography and the European Association of Cardiovascular Imaging.
doi:10.1093/ehjci/jev014

Jobs A, Briinjes K, Katalinic A, et al. Inferior vena cava diameter in acute
decompensated heart failure as predictor of all-cause mortality. Heart Vessels.
2017;32(7):856-864. doi:10.1007/s00380-017-0944-0

Pellicori P, Carubelli V, Zhang J, et al. IVC diameter in patients with chronic heart
failure: Relationships and prognostic significance. JACC Cardiovasc Imaging.
2013;6(1):16-28. d0i:10.1016/j.jcmg.2012.08.012

Carbone F, Bovio M, Rosa GM, et al. Inferior vena cava parameters predict re-
admission in ischaemic heart failure. Eur J Clin Invest. 2014,44(4):341-349.
doi:10.1111/eci.12238

Goonewardena SN, Gemignani A, Ronan A, et al. Comparison of Hand-Carried
Ultrasound Assessment of the Inferior Vena Cava and N-Terminal Pro-Brain
Natriuretic Peptide for Predicting Readmission After Hospitalization for Acute
Decompensated Heart Failure. JACC Cardiovasc Imaging. 2008;1(5):595-601.
do0i:10.1016/j.jcmg.2008.06.005

Pellicori P, Kallvikbacka-Bennett A, Zhang J, et al. Revisiting a classical clinical sign:
jugular venous ultrasound. Int J Cardiol. 2014;170(3):364-370.
doi:10.1016/J.1JCARD.2013.11.015

10



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

Pellicori P, Kallvikbacka-Bennett A, Dierckx R, et al. Prognostic significance of
ultrasound-assessed jugular vein distensibility in heart failure. Heart.
2015;101(14):1149-1158. doi:10.1136/heartjnl-2015-307558

Martindale JL, Wakai A, Collins SP, et al. Diagnosing Acute Heart Failure in the
Emergency Department: A Systematic Review and Meta-analysis. Academic
Emergency Medicine. 2016;23(3):223-242. doi:10.1111/acem.12878

Pellicori P, Shah P, Cuthbert J, et al. Prevalence, pattern and clinical relevance of
ultrasound indices of congestion in outpatients with heart failure. Eur J Heart Fail.
2019;21(7):904-916. doi:10.1002/ejhf.1383

Rastogi T, Bozec E, Pellicori P, et al. Prognostic Value and Therapeutic Utility of Lung
Ultrasound in Acute and Chronic Heart Failure: A Meta-Analysis. JACC Cardiovasc
Imaging. Published online January 12, 2022. doi:10.1016/J.JCMG.2021.11.024

Pang PS, Russell FM, Ehrman R, et al. Lung Ultrasound-Guided Emergency
Department Management of Acute Heart Failure (BLUSHED-AHF): A Randomized
Controlled Pilot Trial. JACC Heart Fail. 2021;9(9):638-648.
do0i:10.1016/J.JCHF.2021.05.008

Pugliese NR, Pellicori P, Filidei F, et al. The incremental value of multi-organ
assessment of congestion using ultrasound in outpatients with heart failure. Eur
Heart J Cardiovasc Imaging. Published online January 3, 2023.
doi:10.1093/EHICI/JEAC254

Bensimhon D, Alali SA, Curran L, et al. The use of the reds noninvasive lung fluid
monitoring system to assess readiness for discharge in patients hospitalized with
acute heart failure: A pilot study. Heart Lung. 2021;50(1):59-64.
d0i:10.1016/J.HRTLNG.2020.07.003

Pellicori P, Clark AL, Kallvikbacka-Bennett A, et al. Non-invasive measurement of right
atrial pressure by near-infrared spectroscopy: preliminary experience. A report from
the SICA-HF study. Eur J Heart Fail. 2017;19(7):883-892. doi:10.1002/ejhf.825
Shoaib A, Mabote T, Zuhair M, Kassianides X, Cleland JGF. Acute heart failure
(suspected or confirmed): Initial diagnosis and subsequent evaluation with traditional
and novel technologies. World J Cardiovasc Dis. 2013;03(03):290-300.
doi:10.4236/wjcd.2013.33046

Lindenfeld J, Zile MR, Desai AS, et al. Haemodynamic-guided management of heart
failure (GUIDE-HF): a randomised controlled trial. The Lancet. 2021;398(10304):991-
1001. doi:10.1016/50140-6736(21)01754-2

laconelli A, Pellicori P, Caiazzo E, et al. Implanted haemodynamic telemonitoring
devices to guide management of heart failure: a review and meta-analysis of
randomised trials. Clinical Research in Cardiology. Published online 2022.
do0i:10.1007/s00392-022-02104-0

Felker GM, Lee KL, Bull DA, et al. Diuretic Strategies in Patients with Acute
Decompensated Heart Failure. New England Journal of Medicine. 2011;364(9):797-
805. d0i:10.1056/NEJM0al005419

Girerd N, Mewton N, Tartiére JM, et al. Practical outpatient management of
worsening chronic heart failure. Eur J Heart Fail. 2022;24(5):750.
doi:10.1002/EJHF.2503

Gilotra NA, Princewill O, Marino B, et al. Efficacy of Intravenous Furosemide Versus a
Novel, pH-Neutral Furosemide Formulation Administered Subcutaneously in

11



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Outpatients With Worsening Heart Failure. JACC Heart Fail. 2018;6(1):65-70.
doi:https://doi.org/10.1016/j.jchf.2017.10.001

Mentz RJ, Anstrom KJ, Eisenstein EL, et al. Effect of Torsemide vs Furosemide After
Discharge on All-Cause Mortality in Patients Hospitalized With Heart Failure: The
TRANSFORM-HF Randomized Clinical Trial. JAMA. 2023;329(3):214-223.
doi:10.1001/JAMA.2022.23924

Rohde LE, Rover MM, Neto JAF, et al. Short-term diuretic withdrawal in stable
outpatients with mild heart failure and no fluid retention receiving optimal therapy: a
double-blind, multicentre, randomized trial. Eur Heart J. 2019;40(44):3605-3612.
doi:10.1093/EURHEARTJ/EHZ554

Channer KS, McLean KA, Lawson-Mathew P, Richardson M. Combination diuretic
treatment in severe heart failure: A randomised controlled trial. Br Heart J.
1994;71(2):146-150. doi:10.1136/hrt.71.2.146

Piardi DS, Butzke M, Mazzuca ACM, et al. Effect of adding hydrochlorothiazide to
usual treatment of patients with acute decompensated heart failure: a randomized
clinical trial. Sci Rep. 2021;11(1). d0i:10.1038/541598-021-96002-6

Trullas JC, Morales-Rull JL, Casado J, et al. Combining loop with thiazide diuretics for
decompensated heart failure: the CLOROTIC trial. Eur Heart J. 2023;44(5).
doi:10.1093/EURHEARTJ/EHAC689

Imiela T, Budaj A. Acetazolamide as Add-on Diuretic Therapy in Exacerbations of
Chronic Heart Failure: a Pilot Study. Clin Drug Investig. 2017;37(12):1175-1181.
do0i:10.1007/s40261-017-0577-1

Mullens W, Dauw J, Martens P, et al. Acetazolamide in Acute Decompensated Heart
Failure with Volume Overload. New England Journal of Medicine. Published online
August 26, 2022. doi:10.1056/NEJM0a2203094

Pitt B, Zannad F, Remme W/, et al. The Effect of Spironolactone on Morbidity and
Mortality in Patients with Severe Heart Failure. New England Journal of Medicine.
1999;341(10):709-717. doi:10.1056/NEJM199909023411001

Zannad F, McMurray JJV, Krum H, et al. Eplerenone in Patients with Systolic Heart
Failure and Mild Symptoms. New England Journal of Medicine. 2011;364(1):11-21.
doi:10.1056/NEJM0a1009492

Solomon SD, Claggett B, Lewis EF, et al. Influence of ejection fraction on outcomes
and efficacy of spironolactone in patients with heart failure with preserved ejection
fraction. Eur Heart J. 2015;37(5):455-462. doi:10.1093/eurheartj/ehv464

Pitt B, Pedro Ferreira J, Zannad F. Mineralocorticoid receptor antagonists in patients
with heart failure: current experience and future perspectives. Eur Heart J Cardiovasc
Pharmacother. 2017;3(1):48-57. doi:10.1093/ehjcvp/pvw016

Wirtz HS, Sheer R, Honarpour N, et al. Real-world analysis of guideline-based therapy
after hospitalization for heart failure. J Am Heart Assoc. 2020;9(16).
doi:10.1161/JAHA.119.015042

Uijl A, Vaartjes |, Denaxas S, et al. Temporal trends in heart failure medication
prescription in a population-based cohort study. BMJ Open. 2021;11(3):e043290.
doi:10.1136/BMJOPEN-2020-043290

Ravassa S, Lopez B, Ferreira JP, et al. Biomarker-based assessment of collagen cross-
linking identifies patients at risk of heart failure more likely to benefit from
spironolactone effects on left atrial remodelling. Insights from the HOMAGE clinical
trial. Eur J Heart Fail. Published online 2021. doi:10.1002/ejhf.2394

12



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Iragi W, Rossignol P, Angioi M, et al. Extracellular cardiac matrix biomarkers in
patients with acute myocardial infarction complicated by left ventricular dysfunction
and heart failure: insights from the Eplerenone Post-Acute Myocardial Infarction
Heart Failure Efficacy and Survival Study (EPHESUS) study. Circulation.
2009;119(18):2471-2479. doi:10.1161/CIRCULATIONAHA.108.809194

Butler J, Anstrom KJ, Felker GM, et al. Efficacy and Safety of Spironolactone in Acute
Heart Failure: The ATHENA-HF Randomized Clinical Trial. JAMA Cardiol.
2017;2(9):950-958. doi:10.1001/JAMACARDIO.2017.2198

Furberg CD, Wright JT, Davis BR, et al. Major outcomes in high-risk hypertensive
patients randomized to angiotensin-converting enzyme inhibitor or calcium channel
blocker vs diuretic: The Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT). JAMA. 2002;288(23):2981-2997.
doi:10.1001/JAMA.288.23.2981

Beckett NS, Peters R, Fletcher AE, et al. Treatment of Hypertension in Patients 80
Years of Age or Older. http://dx.doi.org/101056/NEJMoa0801369.
2009;358(18):1887-1898. d0i:10.1056/NEJMOA0801369

Cleland JGF, Ferreira JP, Mariottoni B, et al. The effect of spironolactone on
cardiovascular function and markers of fibrosis in people at increased risk of
developing heart failure: the heart “OMics” in AGEing (HOMAGE) randomized clinical
trial. Eur Heart J. 2021;42(6):684-696. doi:10.1093/EURHEARTJ/EHAA758

Filippatos G, Anker SD, Agarwal R, et al. Finerenone Reduces Risk of Incident Heart
Failure in Patients With Chronic Kidney Disease and Type 2 Diabetes: Analyses From
the FIGARO-DKD Trial. undefined. 2021;145(6):437-447.
doi:10.1161/CIRCULATIONAHA.121.057983

Joshi SS, Singh T, Newby DE, Singh J. Sodium-glucose co-transporter 2 inhibitor
therapy: mechanisms of action in heart failure. Heart. 2021;107(13):1032 LP - 1038.
doi:10.1136/heartjnl-2020-318060

Omar M, Jensen J, Frederiksen PH, et al. Effect of Empagliflozin on Hemodynamics in
Patients With Heart Failure and Reduced Ejection Fraction. J Am Coll Cardiol.
2020;76(23):2740-2751. doi:10.1016/J.JACC.2020.10.005

Jensen J, Omar M, Kistorp C, et al. Effects of empagliflozin on estimated extracellular
volume, estimated plasma volume, and measured glomerular filtration rate in
patients with heart failure (Empire HF Renal): a prespecified substudy of a double-
blind, randomised, placebo-controlled trial. Lancet Diabetes Endocrinol.
2021;9(2):106-116. doi:10.1016/52213-8587(20)30382-X

Hallow KM, Helmlinger G, Greasley PJ, McMurray JJV, Boulton DW. Why do SGLT2
inhibitors reduce heart failure hospitalization? A differential volume regulation
hypothesis. Diabetes Obes Metab. 2018;20(3):479-487. d0i:10.1111/DOM.13126
Griffin M, Rao VS, Ivey-Miranda J, et al. Empagliflozin in Heart Failure: Diuretic and
Cardio-renal Effects. Circulation. 2020;142(11):1028.
doi:10.1161/CIRCULATIONAHA.120.045691

Mordi NA, Mordi IR, Singh JS, Mccrimmon RJ, Struthers AD, Lang CC. Renal and
Cardiovascular Effects of SGLT2 Inhibition in Combination With Loop Diuretics in
Patients With Type 2 Diabetes and Chronic Heart Failure: The RECEDE-CHF Trial.
Circulation. 2020;142(18):1713-1724. doi:10.1161/CIRCULATIONAHA.120.048739
Scholtes RA, Muskiet MHA, van Baar MJB, et al. Natriuretic Effect of Two Weeks of
Dapagliflozin Treatment in Patients With Type 2 Diabetes and Preserved Kidney

13



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Function During Standardized Sodium Intake: Results of the DAPASALT Trial. Diabetes
Care. 2021;44(2):440-447. doi:10.2337/DC20-2604

Docherty KF, Committees on behalf of the DHI and, Jhund PS, et al. Effects of
dapagliflozin in DAPA-HF according to background heart failure therapy. Eur Heart J.
2020;41(25):2379-2392. doi:10.1093/EURHEARTJ/EHAA183

Damman K, Beusekamp JC, Boorsma EM, et al. Randomized, double-blind, placebo-
controlled, multicentre pilot study on the effects of empagliflozin on clinical
outcomes in patients with acute decompensated heart failure (EMPA-RESPONSE-
AHF). Eur J Heart Fail. 2020;22(4):713-722. doi:10.1002/ejhf.1713

Boorsma EM, Beusekamp JC, ter Maaten JM, et al. Effects of empagliflozin on renal
sodium and glucose handling in patients with acute heart failure. Eur J Heart Fail.
2021;23(1):68-78. doi:10.1002/EJHF.2066

Biegus J, Voors AA, Collins SP, et al. Impact of empagliflozin on decongestion in acute
heart failure: the EMPULSE trial. Eur Heart J. Published online October 18,
2022:ehac530. doi:10.1093/eurheartj/ehac530

Bhatt DL, Szarek M, Steg PG, et al. Sotagliflozin in Patients with Diabetes and Recent
Worsening Heart Failure. New England Journal of Medicine. 2020;384(2):117-128.
doi:10.1056/NEJM0a2030183

Jensen KT, Carstens J, Pedersen EB. Effect of BNP on renal hemodynamics, tubular
function and vasoactive hormones in humans. Am J Physiol. 1998;274(1):F63-72.
doi:10.1152/ajprenal.1998.274.1.F63

McMurray JJV, Packer M, Desai AS, et al. Angiotensin—Neprilysin Inhibition versus
Enalapril in Heart Failure. New England Journal of Medicine. 2014;371(11):993-1004.
doi:10.1056/NEJM0a1409077

Vardeny O, Claggett B, Kachadourian J, et al. Reduced loop diuretic use in patients
taking sacubitril/valsartan compared with enalapril: the PARADIGM-HF trial. Eur J
Heart Fail. 2019;21(3):337-341. doi:10.1002/EJHF.1402

Velazquez EJ, Morrow DA, DeVore AD, et al. Angiotensin—Neprilysin Inhibition in
Acute Decompensated Heart Failure. New England Journal of Medicine.
2019;380(6):539-548. d0i:10.1056/NEJM0a1812851

Cox ZL, Hung R, Lenihan DJ, Testani JM. Diuretic Strategies for Loop Diuretic
Resistance in Acute Heart Failure: The 3T Trial. JACC Heart Fail. 2020;8(3):157-168.
d0i:10.1016/j.jchf.2019.09.012

Konstam MA, Gheorghiade M, Burnett JC, et al. Effects of Oral Tolvaptan in Patients
Hospitalized for Worsening Heart Failure: The EVEREST Outcome Trial. JAMA.
2007;297(12):1319-1331. do0i:10.1001/JAMA.297.12.1319

Konstam MA, Kiernan M, Chandler A, et al. Short-Term Effects of Tolvaptan in
Patients With Acute Heart Failure and Volume Overload. J Am Coll Cardiol.
2017;69(11):1409-1419. do0i:10.1016/j.jacc.2016.12.035

Song EK, Moser DK, Kang SM, Lennie TA. Self-reported adherence to a low-sodium
diet and health outcomes in patients with heart failure. Journal of Cardiovascular
Nursing. 2016;31(6):529-534. doi:10.1097/JCN.0000000000000287

Lennie TA, Song EK, Wu JR, et al. Three gram sodium intake is associated with longer
event-free survival only in patients with advanced heart failure. J Card Fail.
2011;17(4):325-330. doi:10.1016/j.cardfail.2010.11.008

14



91.

92.

93.

94.

95.

96.

Neal B, Wu Y, Feng X, et al. Effect of Salt Substitution on Cardiovascular Events and
Death. https://doi.org/101056/NEJMoa2105675. 2021;385(12):1067-1077.
doi:10.1056/NEJMOA2105675

Ezekowitz JA, Colin-Ramirez E, Ross H, et al. Reduction of dietary sodium to less than
100 mmol in heart failure (SODIUM-HF): an international, open-label, randomised,
controlled trial. The Lancet. 2022;399(10333):1391-1400. doi:10.1016/50140-
6736(22)00369-5

Gupta P, Voors AA, Patel P, et al. Non-adherence to heart failure medications predicts
clinical outcomes: assessment in a single spot urine sample by liquid
chromatography-tandem mass spectrometry (results of a prospective multicentre
study). Eur J Heart Fail. 2021;23(7):1182-1190. doi:10.1002/EJHF.2160

Dovancescu S, Pellicori P, Mabote T, Torabi A, Clark AL, Cleland JGF. The effects of
short-term omission of daily medication on the pathophysiology of heart failure. Eur J
Heart Fail. 2017;19(5):643-649. doi:10.1002/ejhf.748

Cleland JGF, Clark RA, Pellicori P, Inglis SC. Caring for people with heart failure and
many other medical problems through and beyond the COVID-19 pandemic: the
advantages of universal access to home telemonitoring. Eur J Heart Fail.
2020;22(6):995-998. doi:10.1002/EJHF.1864

Fudim M, Abraham WT, von Bardeleben RS, et al. Device Therapy in Chronic

Heart Failure: JACC State-of-the-Art Review. J Am Coll Cardiol. 2021;78(9):931-956.
doi:10.1016/J.JACC.2021.06.040

15



Thiazides/Thiazide-like
Bendroflumethiazide (2.5-10 mg/day)
Hydrochlorothiazide (12.5-100 mg/day)
Metolazone (2.5-20 mg/day)

SGLT2i
Empagliflozin (10 mg/day)
Dapagliflozin (10 mg/day)

Class |

Level A
(HFrEF)

In combination with LD for resistant

Reduce risk of HFH and death
symptoms or oedema

MRA
Spironolactone (25-50 mg/day)
Eplerenone (25-50 mg/day)

Acetazolamide Reduce risk of HFH and death

(250-500 mg/day)

Used in combination with loop diuretics {

Loop diuretic L

Furosemide (20-240 mg/day)
Bumetanide (0.5-10 mg/day) ]

Torasemide (5-40 mg/day)

, o—wu\.%‘-‘-

Tolvaptan
(15-60 mg/day)
Used in HF patients with {,Serum Na*

U Increases serum Na+ and diuresis
Reduce symptoms and signs

Improve exercise capacity




Figure 1: Sites of action in a nephron, recommended doses, level of evidence and clinically observable effects of commonly used drugs for treatment of congestion in
HF. A) Proximal convoluted tubule — SGLT2i bind to SGLT2 receptors and cause osmotic diuresis and natriuresis. Acetazolamide inhibits carbonic anhydrase and reduces
reabsorption of bicarbonate from renal tubules and causes natriuresis and diuresis. B) Thick ascending Loop of Henle — Loop diuretics block the Na*-K*-2CI- symporters
and cause natriuresis, hypokalaemia and diuresis. C) Distal convoluted tubule — Thiazide/Thiazide-like diuretics block Na*-Cl" and cause diuresis and natriuresis. MRA
block mineralocorticoid receptors and indirectly reduce Na* reabsorption and K* excretion, thus causing diuresis. D) Collecting ducts: - Tolvaptan blocks V2R and
increase solute free water clearance, thus increasing serum Na*. MRA block mineralocorticoid receptors.

Key: SGLT2i (Sodium-Glucose Transport Protein 2 inhibitors), HFrEF (heart failure with reduced ejection fraction), HFH (heart failure hospitalisation), AHF (acute heart
failure), LD (loop diuretics), MRA (mineralocorticoid receptor antagonists), HF (heart failure), Na* (sodium), K* (potassium), CI- (chloride), V2R (vasopressin type 2
receptors)



Table 1: Drugs that might be used to treat congestion in patients with heart failure

Which?

When?

What is usual starting dose?

What is the usual maintenance dose?

What is the benefit?

What to look out for?

Level of evidence

Loop Diuretics
(Furosemide,
Bumetanide,
Torasemide)

In patients with HF who
have signs and symptoms
of congestion

e In diuretic naive patients:
= Furosemide: 20-40mg daily
= Bumetanide: 0.5-1mg daily
= Torasemide: 5-10mg daily

e In patients already on a loop
diuretic and hospitalised: at least
IV equivalent of previous dose.

o Furosemide: 40-240mg daily
e Bumetanide: 1-5mg daily
e Torasemide: 10-20mg daily

Improvement in signs/symptoms
Lifesaving in pulmonary
oedema/AHF

Electrolyte disturbances (Hyponatraemia,
hypokalaemia, hypomagnesaemia),
dehydration, worsening renal function,
hyperuricaemia/gout, postural
hypotension

Class IC

Thiazide/Thiazide
Like Diuretics

(Metolazone,
Bendroflumethiazide)*

In combination with LD for
resistant symptoms or
oedema

o Metolazone: 2.5mg alternate day
« Bendroflumethiazide: 2.5mg daily

e Metolazone: up to 10mg daily
« Bendroflumethiazide: up to 10mg 1-3
times/week

Improvement in signs/symptoms

Electrolyte disturbances (Hyponatraemia,
hypokalaemia, metabolic alkalosis,
hypercalcaemia), hyperglycaemia,
hyperuricaemia, worsening renal
function.

Class lla (for AHF in
combination with
loop diuretics)

(Empagliflozin,
Dapagliflozin)

diagnosis of HFrEF

in HFrEF, reduce HFH in HFpEF

genital infections
Might reduce need of a loop diuretic
Not approved for TIDM

Mineralocorticoid | As soon as possible after 25mg daily 25-50mg daily Reduce CV morbidity and mortality Hyperkalaemia, worsening renal function, Class IA (HFrEF)
Receptor diagnosis of HFrEF in HFrEF, possibly beneficial also in gynaecomastia and breast pain
. higher LVEF. (Spironolactone), hypotension, decreased
Antagonists libido
(Spironolactone,
Eplerenone)
SGLT2 inhibitors As soon as possible after 10mg daily 10mg daily Reduce CV morbidity and mortality Euglycaemic ketoacidosis, urinary and Class IA (HFrEF)

Carbonic In combination with LD for | 0.25g - 0.5g per day 0.25g - 0.5g per day Improves congestion Electrolyte disturbances, hypotension,
Anhydrase worsening symptoms or paraesthesia, dysgeusia
I oedema
Inhibitor
(Acetazolamide)*
Vasopressin Patients with HFrEF and 15mg daily Can be increased to up to 60mg daily. It might improve diuresis, weight loss | Blurred vision, increased thirst.
Receptor hyponatremia and serum sodium levels.
Antagonists (<135mmol/L)
(Tolvaptan)

Key: HF (heart failure), IV (intravenous), mg (milligram), AHF (acute heart failure), LD (loop diuretic), HFrEF (heart failure with reduced ejection fraction), CV (cardiovascular), LVEF (left ventricular ejection fraction),
SGLT2 (Sodium-Glucose Transport Protein 2), HFH (heart failure hospitalisation), HFpEF (heart failure with preserved ejection fraction), TIDM (type 1 diabetes mellitus), g (gram), mmol (millimole)
*Evidence limited to small mechanistic trials.

Data extracted from [17,96,97].
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