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1. Evidence-based Recommendations

Recommendation GRADE strength Quality of
of recommendation evidence

Prevention of heart failure—non-pharmacological

Smoking cessation is recommended to decrease the risk of cardiovascular events and decrease the  Strong Low

risk of developing heart failure. FOR

Avoiding excess alcohol is recommended, to decrease the risk of developing heart failure. Strong Very low
FOR

Weight reduction is recommended in patients who are overweight or obese, to decrease the risk of ~ Strong Low

developing heart failure. FOR

Regular physical activity is recommended to decrease the risk of cardiovascular events and Strong Low

decrease the risk of developing heart failure. FOR

Blood pressure (BP) lowering and lipid lowering according to published guidelines are Strong High
recommended, to decrease the risk of cardiovascular events and decrease the risk of developing FOR
heart failure.

Angiotensin converting enzyme (ACE) inhibitors should be considered in patients with Strong Moderate
cardiovascular disease to decrease the risk of cardiovascular events and decrease the risk of FOR

developing heart failure.

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are recommended in patients with type 2 Strong High
diabetes mellitus associated with cardiovascular disease and insufficient glycaemic control despite =~ FOR
metformin, to decrease the risk of cardiovascular events and decrease the risk of hospitalisation for

heart failure.

ACE inhibitors are recommended in patients with left ventricular (LV) systolic dysfunction to Strong High
decrease the risk of developing heart failure. FOR

Beta blockers should be considered in patients with LV systolic dysfunction to decrease the risk of ~ Strong Low
developing heart failure. FOR

Diagnosis

A 12-lead electrocardiogram (ECG) is recommended in patients with either a suspected diagnosis Strong Low
or new diagnosis of heart failure, to assess cardiac rhythm, QRS duration, and the presence of FOR

underlying conditions such as myocardial ischaemia or LV hypertrophy.

A chest X-ray is recommended in patients with either a suspected diagnosis or new diagnosis of Strong Very low
heart failure, to detect signs of pulmonary congestion and to identify alternative cardiac or FOR
non-cardiac causes for the patient’s symptoms.

Plasma B-type natriuretic peptide (BNP) or N-terminal proBNP (NT proBNP) levels are Strong High
recommended for diagnosis in patients with suspected heart failure, when the diagnosis is FOR

uncertain.

A transthoracic echocardiogram is recommended in patients with suspected heart failure, to Strong Low
improve diagnostic accuracy, and in patients with a new diagnosis of heart failure, to assess FOR

cardiac structure and function (including the measurement of LV ejection fraction [LVEF]), assist in

classification and therefore guide management.

Invasive coronary angiography should be considered in patients with heart failure associated Strong Low
with refractory angina, resuscitated cardiac arrest, sustained ventricular arrhythmias, or with FOR

evidence of ischaemic heart disease on other investigations, or an intermediate-to-high pretest

probability for coronary artery disease, to determine the need for coronary revascularisation.

Either computed tomography (CT) coronary angiography or cardiac magnetic resonance imaging Weak Low
(CMR) with late gadolinium enhancement (LGE) may be considered in patients with heart failure FOR

who have a low-to-intermediate pretest probability of coronary artery disease, to distinguish

ischaemic and non-ischaemic causes of ventricular dysfunction.
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(continued).

Recommendation GRADE strength Quality of
of recommendation evidence

Non-invasive functional testing—stress echocardiography, single-photon emission CT Weak Very low

scan (SPECT), positron emission tomography (PET) and CMR with LGE—may be FOR

considered in patients with heart failure and established coronary artery disease, for the
assessment of myocardial ischaemia and viability to determine the need for coronary
revascularisation.

CMR with LGE should be considered in patients with heart failure associated with increased LV Strong Low
wall thickness that remains unexplained following clinical evaluation, including a 12-lead ECG and FOR
echocardiogram to identify inflammatory and infiltrative cardiomyopathies.

Either PET or bone scintigraphy may be considered in patients with heart failure associated with Weak Low
increased LV wall thickness that remains unexplained following clinical evaluation, including a FOR

12-lead ECG and echocardiogram to identify infiltrative cardiomyopathies.

BNP and NT proBNP levels may be considered in patients with an established diagnosis of heart Weak High
failure for prognostic stratification. FOR
Genetic testing may be considered in patients with dilated cardiomyopathy (DCM) associated with ~ Weak Low
conduction disease, for prognostic stratification and to guide management regarding the use of FOR

implantable cardioverter defibrillators.

Transthoracic echocardiography should be considered in patients with heart failure with reduced Weak Low
ejection fraction (HFrEF) 3-6 months after the start of optimal medical therapy, or if there has been ~FOR

a change in clinical status, to assess the appropriateness for other treatments, including device

therapy (implantable cardioverter defibrillator [ICD] or cardiac resynchronisation therapy [CRT], or

both).

Investigation and management of precipitating factors is recommended in all patients presenting Strong Low
with acute heart failure. Acute coronary syndrome (ACS), hypertensive crisis, arrhythmia, FOR

mechanical catastrophe (e.g., ruptured interventricular septum, mitral papillary muscle or LV free

wall, or acute valvular regurgitation), and pulmonary embolism should be confirmed or excluded,

and managed immediately.

Monitoring of peripheral arterial oxygen saturation is recommended in patients with acute heart Strong Very low
failure. FOR

Oxygen therapy is recommended in patients with acute heart failure associated with oxygen Strong Very low
saturation levels below 94%. FOR

Non-invasive ventilation should be considered in patients with acute heart failure associated with ~ Strong High
pulmonary congestion who remain hypoxaemic and tachypnoeic despite oxygen therapy, to FOR

improve symptoms and reduce the requirement for intubation.

Intravenous loop diuretics are recommended in patients with acute heart failure associated with Strong Low
congestion, to improve symptoms of fluid overload. FOR

Intravenous vasodilators may be considered in patients with acute heart failure if the systolic blood Weak Low
pressure is more than 90 mm Hg, to relieve symptoms of congestion. FOR

Intravenous inotropic therapy may be considered in patients with acute heart failure associated Weak Very low
with symptoms or signs of peripheral hypoperfusion (usually accompanied by a systolic BP FOR

<90 mm Hg) and congestion refractory to other treatment, to improve symptoms and end-organ

function.

Intravenous inotropic therapy should be avoided in patients without symptoms or signs of Strong Low
peripheral hypoperfusion and congestion refractory to other treatment. AGAINST

ACE inhibitors Strong High
An ACE inhibitor is recommended in all patients with HFrEF associated with a moderate or severe FOR
reduction in LVEF (LVEF less than or equal to 40%) unless contraindicated or not tolerated to

decrease mortality and decrease hospitalisation.
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(continued).

Recommendation GRADE strength Quality of
of recommendation evidence

ACE inhibitors Weak Low

An ACE inhibitor may be considered in patients with HFrEF associated with a mild reduction in FOR
LVEF (LVEF 41-49%) unless contraindicated or not tolerated to decrease mortality and decrease

hospitalisation.
Beta blockers Strong High
A beta blocker® is recommended in all patients with HFrEF associated with a moderate or severe FOR

reduction in LVEF (LVEF less than or equal to 40%) unless contraindicated or not tolerated, and
once stabilised with no or minimal clinical congestion on physical examination to decrease
mortality and decrease hospitalisation.

Specifically, bisoprolol, carvedilol, metoprolol (controlled release or extended release) or nebivolol

Beta blockers Weak Low
A beta blocker” may be considered in patients with HFrEF associated with a mild reduction in FOR

LVEF (LVEF 41-49%) unless contraindicated or not tolerated, and once stabilised with no or

minimal clinical congestion on physical examination to decrease mortality and decrease

hospitalisation.

Specifically, bisoprolol, carvedilol, metoprolol (controlled release or extended release) or nebivolol

Mineralocorticoid receptor antagonists (MRAs) Strong High
An MRA is recommended in all patients with HFrEF associated with a moderate or severe FOR

reduction in LVEF (LVEF less than or equal to 40%) unless contraindicated or not tolerated, to

decrease mortality and decrease hospitalisation for heart failure.

Mineralocorticoid receptor antagonists (MRAs) Weak Low
An MRA may be considered in patients with HFrEF associated with a mild reduction in LVEF FOR

(LVEF 41-49%) unless contraindicated or not tolerated, to decrease mortality and decrease

hospitalisation for heart failure.

Diuretics Strong Very low
A diuretic should be considered in patients with heart failure and clinical symptoms, or signs of FOR
congestion, to improve symptoms and manage Congestion.

Angiotensin receptor blockers (ARBs) Strong Moderate
An ARB is recommended in patients with HFrEF associated with a moderate or severe reduction FOR

in LVEF (LVEF less than or equal to 40%) if an ACE inhibitor is contraindicated or not tolerated,

to decrease the combined endpoint of cardiovascular mortality and hospitalisation for heart failure.

An ARB may be conisdered in patients with HFrEF associated with a mild reduction in LVEF FOR
(LVEF 41-49%) if an ACE inhibitor is contraindicated or not tolerated, to decrease the combined
endpoint of cardiovascular mortality and hospitalisation for heart failure.

Angiotensin receptor neprilysin inhibitor (ARNI) Strong High
An ARNI is recommended as a replacement for an ACE inhibitor (with at least a 36-hour washout =~ FOR

window) or an ARB in patients with HFrEF associated with an LVEF of less than or equal to 40%

despite receiving maximally tolerated or target doses of an ACE inhibitor (or ARB) and a beta

blocker (unless contraindicated), with or without an MRA, to decrease mortality and decrease

hospitalisation.

Concomitant use of ACE inhibitors and ARNIs are contraindicated and these medications Strong Very low
should not be administered within 36hours of each other, because of an increased risk of AGAINST

angioedema.

Ivabradine Strong High

Ivabradine should be considered in patients with HFrEF associated with an LVEF of less than or FOR
equal to 35% and a sinus rate of 70 beats per minute (bpm) and above, despite receiving

maximally tolerated or target doses of an ACE inhibitor (or ARB) and a beta blocker (unless
contraindicated), with or without an MRA, to decrease the combined endpoint of cardiovascular

mortality and hospitalisation for heart failure.
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(continued).

Recommendation GRADE strength Quality of
of recommendation evidence

Hydralazine plus nitrates Weak Low

Hydralazine plus nitrates may be considered in patients with HFrEF if an ACE inhibitor and ARB ~ FOR
are contraindicated or not tolerated to decrease mortality.

Hydralazine plus nitrates may be considered in black patients of African descent with HFrEF Weak Moderate
despite receiving maximally tolerated or target doses of an ACE inhibitor (or ARB) and a beta FOR
blocker (unless contraindicated), with or without an MRA, to decrease mortality and

hospitalisation for heart failure.

Digoxin Weak Low
Digoxin may be considered in patients with HFrEF associated with sinus rhythm and moderate FOR

to severe symptoms (New York Heart Association [NYHA] Class 3—4) despite receiving maximally

tolerated or target doses of an ACE inhibitor (or ARB) to decrease hospitalisation for heart failure.

Nutraceuticals Weak Low
N-3 polyunsaturated fatty acids may be considered in patients with HFrEF despite receiving FOR

maximally tolerated or target doses of an ACE inhibitor (or ARB) and a beta blocker (unless

contraindicated), with or without an MRA, to decrease mortality and cardiovascular

hospitalisation.

Referral to a multidisciplinary heart failure disease management program is recommended in Strong High
patients with heart failure associated with high-risk features, to decrease mortality and FOR

rehospitalisation.

In areas where access to a face-to-face multidisciplinary heart failure disease-management program  Strong Moderate

after discharge is limited, patients should be followed up with a multidisciplinary telemonitoring FOR
or telephone support program.

Nurse-led medication titration is recommended in patients with HFrEF who have not achieved Strong High
maximum tolerated doses of ACE inhibitors, ARBs, ARNIs, beta blockers or MRAs, to decrease FOR

hospitalisation.

Self-management Strong High

Educating patients and their carers about the self-management of heart failure is recommended in ~ FOR
patients with heart failure, to decrease hospitalisation and mortality. It should commence soon

after diagnosis, be patient-centred, appropriate to their level of health literacy, culturally

appropriate, and revised throughout the person’s life.

Exercise Strong High
Regular performance of up to moderate intensity (i.e. breathe faster but hold conversation) FOR

continuous exercise is recommended in patients with stable chronic heart failure, particularly in

those with reduced LVEF, to improve physical functioning and quality of life, and to decrease

hospitalisation.

CRT is recommended in patients with HFrEF associated with sinus rhythm, an LVEF of less than Strong High

or equal to 35% and a QRS duration of 150 ms or more despite optimal medical therapy, to FOR

decrease mortality and hospitalisation for heart failure and improve symptoms.

CRT should be considered in patients with HFrEF associated with sinus rhythm, an LVEF of less Strong Moderate
than or equal to 35% and a QRS duration of 130-149 ms despite optimal medical therapy, to FOR

decrease mortality and hospitalisation for heart failure, and improve symptoms.

CRT may be considered in patients with HFrEF associated with AF, an LVEF of less than or equal =~ Weak Very low
to 35% and a QRS duration of 130 ms or more despite optimal medical therapy to decrease FOR

morbidity and mortality, and improve symptoms, provided this is accompanied by approaches to
maximise biventricular capture (ideally at least 92% biventricular capture).
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(continued).

Recommendation GRADE strength Quality of
of recommendation evidence

CRT should be considered in patients with HFrEF associated with an LV ejection fraction of less Weak Moderate

than or equal to 50% accompanied by high-grade atrioventricular (AV) block requiring pacing, to FOR
decrease hospitalisation for heart failure.

CRT should be considered in patients who have pre-existing right ventricular pacing who Weak Low
develop symptoms of heart failure with an LVEF of less than 35%, to decrease hospitalisation for heart FOR

failure.

CRT is contraindicated in patients with QRS duration of less than 130 ms, because of lack of Strong Moderate
efficacy and possible harm. AGAINST

Implantable cardioverter defibrillators

An ICD should be considered as a secondary prevention indication in patients following Strong High
resuscitated cardiac arrest, sustained ventricular tachycardia in the presence of haemodynamic FOR

compromise and ventricular tachycardia associated with syncope and an LVEF of less than 40% to
decrease mortality.

An ICD should be considered as a primary prevention indication in patients at least 1 month Strong High
following myocardial infarction associated with an LVEF of less than or equal to 30% to decrease FOR

mortality.

An ICD should be considered as a primary prevention indication in patients with HFrEF Strong Moderate
associated with ischaemic heart disease and an LVEF of less than or equal to 35% to decrease FOR

mortality.

An ICD may be considered as a primary prevention indication in patients with HFrEF associated Weak Low
with dilated cardiomyopathy and an LVEF of less than or equal to 35%, to decrease mortality. FOR

Implantable pulmonary arterial pressure monitoring may be considered in patients who have been =~ Weak Low
previously hospitalised for heart failure associated with a reduced or preserved LV ejection FOR

fraction with persistent moderate (NYHA functional class III) heart failure symptoms, despite

optimal care, to decrease hospitalisation for heart failure, provided systems are in place to ensure

daily upload and at least weekly review of pressure monitoring data.

Coronary artery bypass graft surgery (CABG) should be considered in patients with HFrEF Strong Moderate
associated with ischaemic heart disease and an LVEF of less than or equal to 35% if they have FOR

surgically correctable coronary artery disease, to improve symptoms (e.g., relief of angina and

heart failure symptoms) and decrease morbidity and long-term mortality.

Mitral valve (MV) repair or replacement at the time of elective CABG should be considered in Weak Low
patients with moderate to severe mitral regurgitation in association with heart failure and FOR

ischaemic heart disease to improve symptoms.

Surgical MV repair or replacement may be considered in patients with severe mitral regurgitation =~ Weak Low
complicating dilated cardiomyopathy with heart failure who remain symptomatic despite FOR
guideline-directed medical and cardiac device therapy to improve symptoms.

Percutaneous MV repair or replacement may be considered in patients with moderate to severe Weak Low
functional mitral regurgitation in association with heart failure who remain symptomatic despite FOR

guideline-directed medical and cardiac device therapy, particularly in those who are at high

surgical risk to improve symptoms.

Surgical aortic valve replacement (SAVR) is recommended in patients with severe aortic stenosis or ~ Strong Low
severe aortic regurgitation and heart failure in the absence of major comorbidities or frailty, to FOR
improve symptoms and decrease mortality.
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(continued).

Recommendation GRADE strength Quality of
of recommendation evidence

Transcatheter aortic valve implantation (TAVI) should be considered in patients with severe aortic ~ Strong Moderate

stenosis and heart failure at intermediate to high operative mortality risk or considered inoperable = FOR
for SAVR, and who are deemed suitable for TAVI following assessment by a heart team to

improve symptoms and decrease mortality.

Referral to a specialist centre for consideration of ventricular assist device (VAD) implantation Strong Moderate
should be considered in patients with intractable, severe heart failure despite guideline-directed FOR

medical and pacemaker therapy, and who do not suffer from major comorbidities, to decrease

mortality.

Implantation of a VAD as a bridge to transplant should be considered in patients actively listed for = Strong Low
heart transplantation who become inotrope-dependent or who progress to needing acute FOR

mechanical circulatory support.

Referral for heart transplant assessment should be considered in patients with heart failure Strong Low

associated with intractable NYHA Class III-IV symptoms who have exhausted all alternative FOR

therapies and who do not have overt contraindications to decrease mortality.

Hypertension

Diltiazem, verapamil, and moxonidine should be avoided in patients with HFrEF. Strong Low
AGAINST

Atrial fibrillation

Determination of the risk of stroke to guide the need for anticoagulation is recommended in Strong High

patients with atrial fibrillation (AF). For

Pharmacological therapy aiming for a resting ventricular rate of 60-100 bpm should be Strong Low

considered in patients with heart failure associated with AF and a rapid ventricular For

response.

Catheter ablation for AF (either paroxysmal or persistent) should be considered in patients with Strong Moderate

HFrEF associated with an LVEF of less than or equal to 35%, who present with recurrent For

symptomatic AF, to decrease mortality and hospitalisation for heart failure.

Diabetes

Thiazolidinediones (glitazones) are not recommended in patients with heart failure due to the risk ~ Weak Moderate

that they will lead to worsening of heart failure. AGAINST

Sleep disordered breathing

Adaptive servoventilation is not recommended in patients with HFrEF and predominant central Strong Moderate

sleep apnoea because of an increased all-cause and cardiovascular mortality. AGAINST

Anaemia

Erythropoietin should not be used routinely for the treatment of anaemia in patients with heart Strong Moderate

failure because of an increased risk of thromboembolic adverse events. AGAINST

Iron deficiency

In patients with HFrEF associated with persistent symptoms despite optimised therapy, iron Strong Moderate

studies should be performed and, if the patient is iron deficient (i.e. ferritin <100 wg/L, or ferritin ~ FOR
100-300 wg/L with transferrin saturation <20%) intravenous iron should be considered, to improve
symptoms and quality of life.

Unless a reversible cause has been corrected, neurohormonal antagonists (ACE inhibitors or Strong Low
ARBs or ARNIs, beta blockers and MRAs) should be continued at target doses in patients with FOR
heart failure associated with a recovered or restored ejection fraction, to decrease the risk of

recurrence.
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(continued).

Recommendation

GRADE strength Quality of
of recommendation evidence

Referral to palliative care should be considered in patients with advanced heart failure to alleviate ~ Strong High

end-stage symptoms, improve quality of life and decrease rehospitalisation. Involvement of FOR

palliative care should be considered early in the trajectory towards end stage heart failure.

ACE, angiotensin converting enzyme; ACS, acute coronary syndrome; AF, atrial fibrillation; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor

neprilysin inhibitor; AV, atrioventricular; BNP, B-type natriuretic peptide; BP, blood pressure; bpm, beats per minute; CABG, coronary artery bypass graft; CMR,

cardiac magnetic resonance imaging; CRT, cardiac resynchronisation therapy; CT, computed tomography; ECG, electrocardiogram; DCM, dilated cardiomyo-

pathy; GRADE, Grading of Recommendations Assessment, Development and Evaluation; HFrEF, heart failure with reduced ejection fraction; ICD, implantable

cardioverter defibrillator; LGE, late gadolinium enhancement; LV, left ventriclular; LVEF, LV ejection fraction; MRA, mineralocorticoid receptor antagonist; MV,

mitral valve; NT, N-terminal; NYHA, New York Heart Association; PET, positron emission tomography; SAVR, surgical aortic valve replacement; SGLT2, sodium-

glucose cotransporter 2; SPECT, single-photon emission CT scan; TAVI, transcatheter aortic valve implantation; VAD, ventricular assist device.

2. Process for Developing the
Guidelines

These clinical guidelines for the management of heart failure
seek to provide guidance regarding the clinical care of adult
patients with heart failure in Australia based on current
evidence. They are intended to replace the 2011 update of
the National Heart Foundation of Australia/Cardiac Society
of Australia and New Zealand (NHFA/CSANZ) Guidelines
for the Prevention, Detection, and Management of Chronic Heart
Failure in Australia [1].

In late 2016, the NHFA began the process of developing the
2018 guidelines. A partnership between NHFA and CSANZ
was formed to develop the guidelines, with the NHFA as the
lead organisation. Clinical committees from both organisa-
tions were approached for advice regarding the content
(scope) and development process for the guidelines.

Acting on advice from the previous expert panel involved
in earlier editions of the guidelines, together with advice
from the NHFA internal clinical advisory committees, mem-
bers were approached to be in the working group, according
to expertise.

Based on the determined scope, guideline writing groups
were established to cover the following four topics: diagno-
sis, drugs, devices, and non-pharmacological management.
For each writing group, a primary and secondary writer were
appointed by group consensus, on the basis of expertise and
previous experience in guideline development. The other
members of the writing groups comprised members with
recognised expertise, from stakeholder groups and the clini-
cal community. The writing groups met on several occasions
to discuss the content of the guidelines during the develop-
ment process.

A reference group was established comprising appointed
representatives of key stakeholder organisations with
national relevance in the provision of heart failure care in
Australia. The key roles of the group were to review and
provide input into the scope of the guidelines, the questions
being submitted for literature review, and the draft

guidelines content and recommendations; and to facilitate
implementation of the guidelines.

Informed by stakeholder consultation, the working group
generated clinical questions to form the basis of external
literature searches. Questions for external literature searches
were prioritised according to uniqueness to Australia, and to
areas not covered in recent European guidelines. These ques-
tions were reviewed and refined by the reference group, and
the clinical expert committees from the NHFA and CSANZ.
The questions proposed for literature review are provided in
Appendix 2.

The literature reviewer was appointed through an open
tender process in May 2017. The external literature review
started in the second half of 2017 and was completed in
December 2017. The evidence summaries generated were
reviewed and signed off by the working group, and relevant
content for the guidelines was based on the provided evi-
dence summaries. At the same time, the writing group mem-
bers reviewed evidence and drafted content for the topics (in
the agreed scope) other than those sent for external literature
searches.

In February 2018, the reference group was consulted on the
first full draft of the guidelines. A public consultation period
of 21 days was conducted in April 2018. Feedback received
was reviewed by the expert working group prior to final-
isation of the guidelines. Final approval by the clinical com-
mittees and the Boards of the NHFA and CSANZ and
submission for journal publication was undertaken in June
2018.

2.1. Conflicts of Interest Process

Conlflicts of interest were considered within a framework of
both the relationship (direct or indirect) of the participating
individual to any third party with interest in the topic under
consideration within the guideline development process, and
the nature (financial and non-financial) of the potential con-
flict. All members of the working groups and reference group
were asked to declare all potential conflicts of interest and
these declarations were updated every 6 months and at each
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meeting. All conflicts of interest were managed by the work-
ing group chair or primary writer. A summary of the conflicts
of interest and responses will be provided in an online
Appendix and a full description of the governance process
for the development of these guidelines will be available on
the NHFA website.

2.2. Development of Recommendations

In addition to reviews of published trials and systematic
reviews, guideline content was informed by other interna-
tional clinical guidelines, and local clinical expertise. Grading
of Recommendations Assessment, Development and Evalu-
ation (GRADE) methodology [2] was used to formulate
recommendations. GRADE highlights the strength of a rec-
ommendation for or against an intervention. This is deter-
mined by considering the quality of evidence, balance
between benefits and harms, trade-offs between improving
survival and quality of life, uncertainty or variability in
patient values and preferences, and resource considerations.
This methodology is increasingly being used by guideline
developers in Australia and worldwide.

Each of the final recommendations was reviewed and
refined by the writing groups and the reference group, with
final review and endorsement by the whole working group.
The definition of consensus was more than 80% agreement of
all members of the working group.

The ‘Rationale” section under each recommendation pro-
vides a brief summary of the key evidence underpinning the
recommendations. Economic implications or other relevant
system factors are discussed in the ‘Resources and other
considerations’ section where appropriate.

For topics where there is a limited evidence base, or where
the impact of interventions on clinical outcomes was consid-
ered to be modest, comments are included in the ‘Practice
advice’ sections of the guideline. While medication dosing
may be generally provided in this guideline, clinicians are
advised to refer to additional resources such as the Australian
Medicines Handbook [3] for relevant contraindications, pre-
cautions, drug interactions, and adverse effects.

Clinical decisions should carefully consider individual
patient characteristics with known associations with poor
prognosis due to vulnerability. These include cultural and
linguistic diverse populations including recent migrants;
Indigenous Australians; the cognitively impaired; those liv-
ing in rural or remote areas; people of advanced age; and
those who are incarcerated or institutionalised.

3. Definition and Classification of
Heart Failure

3.1. Epidemiology of Heart Failure

Heart failure currently affects at least 38 million people
worldwide [4]. The lifetime risk of developing heart failure
for women and men at age 55 years is 29% and 33%, respec-
tively [5], and more than one in 10 persons of age 75 years and

over in developed countries are afflicted with heart failure.
Population-based estimates of heart failure prevalence in
Australia are limited [6,7], and the National burden of heart
failure has been estimated using international prevalence
rates. In 2014, it was estimated that there were 480,000 people
aged 18 years or more with heart failure, representing 2.1% of
the adult population [8]. Given the high rates of cardiovas-
cular risk factors and the endemic rates of rheumatic heart
disease (RHD) in Australia’s Indigenous population, the age-
standardised prevalence rates of heart failure in indigenous
Australians is 1.7 times higher than in non-Indigenous Aus-
tralians [9]. RHD may affect one or both left-sided heart
valves and less commonly the right-sided heart valves. Prev-
alence estimates of RHD since 2000 have steadily increased to
almost 2% of the Indigenous population in the Northern
Territory and 3.2% of Indigenous people aged 35-44 years
[3]. For Indigenous women of child-bearing age, the initial
presentation may occur during pregnancy. Detailed guide-
lines for the evaluation and management of RHD are covered
in the Australian guidelines for the prevention, diagnosis,
and management of acute rheumatic fever and rheumatic
heart disease [3]. Furthermore, Indigenous people with heart
failure have more comorbidities and higher mortality than
those who are not Indigenous, and Indigenous Australians
are 1.4 times more likely to die from heart failure than non-
Indigenous Australians [10].

The worldwide increase in heart failure prevalence is not
associated with an increase in age-adjusted heart failure
incidence, which has been observed to be either stable or
decreasing, particularly in women [11]. The ageing demo-
graphic and improved survival of patients with heart failure
due to the availability of diagnostic technology and more
efficacious therapy could explain the increase in heart failure
prevalence. In contrast, the reduction in age-adjusted inci-
dent heart failure, particularly associated with reduced left
ventricular ejection fraction (HFrEF), may be related to better
prevention programs for ischaemic heart disease and treat-
ment strategies for acute coronary syndromes. Trends
observed in international epidemiological studies would
suggest that there is an increasing proportion of patients
with heart failure associated with preserved ejection fraction
(HFpEF) to the extent that this entity now represents more
than half of heart failure cases [12].

In 2015-2016 there were about 173,000 hospitalisations
where heart failure and cardiomyopathy were recorded as
the main or additional diagnosis, representing 1.6% of all
hospitalisations in Australia. Almost 40% of hospitalisations
for heart failure and cardiomyopathy were recorded as the
primary diagnosis. For these patients, hospitalisation rates
overall were 1.5 times higher for males than females. Age-
adjusted rates were higher among males than females in all
age groups. Rates increased with age, with rates highest for
males and females aged 85 years or more (at least 2.4 times
higher than rates in the 75-84 years age group) [13]. In the
NSW and ACT SNAPSHOT study of patients hospitalised
with heart failure over 1 month in 2013, the median length of
stay was 6 days and 58% were categorised as HFrEF [14].
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Survival rates for heart failure vary across studies depending
on whether the cohort has acute or chronic heart failure. For
acute heart failure, survival rates at 1-month in contemporary
studies are consistently around 80% and 57-80% at 1 year
[15,16]. Survival rates for chronic heart failure range from 81
to 91% at 1 year and 52 to 63% at 5 years [17,18], reflecting a
prognosis similar to non-haematological malignancies. While
some studies have observed similar survival rates in patients
with HFrEF and HFpEF [12,19], a literature-based meta-analy-
sis of 17 studies with 24,501 patients showed a 4-year HFpEF
mortality rate of 32.1% compared with a 40.6% mortality in
HFrEF [20,21]. This finding was subsequently confirmed in a
meta-analysis using data from 41,972 individual patients
obtained from 31 studies. The 3-year adjusted mortality rate
was 32% for HFrEF and 25% for HFpEF. Unlike HFrEF, as many
as 30-40% of deaths in patients with HFpEF were non-cardio-
vascular. Interestingly, the difference in mortality rates dimin-
ished with increasing age, reflecting the increasing contribution
of non-cardiovascular deaths in older patients with heart fail-
ure regardless of left ventricular ejection fraction (LVEF) [21].

3.2. Definition

Heart failure is a complex clinical syndrome with typical
symptoms and signs that generally occur on exertion, but
can also occur at rest (particularly when recumbent). It is
secondary to an abnormality of cardiac structure or function
that impairs the ability of the heart to fill with blood at
normal pressure or eject blood sufficient to fulfil the needs
of the metabolising organs.

The definition is complex, reflecting the disease state, and
warrants expansion because it incorporates many key con-
cepts related to heart failure, as discussed below.

Table 1 Symptoms and signs of heart failure.

Complex clinical syndrome: The diagnosis is a clinical one
and the complexity of the syndrome reflects the impact of
cardiac dysfunction on most organ systems.

Typical symptoms and signs: The clinical syndrome of
heart failure has typical symptoms; however, they are often
nonspecific. The cardinal symptom of heart failure is
dyspnoea, which is particularly non-specific, but certain
patterns of dyspnoea are typical of heart failure; e.g.,
orthopnoea and paroxysmal nocturnal dyspnoea, and (to
a lesser degree) exertional dyspnoea and bendopnoea [22].
Other important symptoms of heart failure are fatigue
and palpitations. Typical signs of heart failure can be
divided into those related to cardiac dysfunction and strain
(tachycardia, third heart sound, murmurs and displaced
apex beat), reduced end-organ perfusion and, most strik-
ingly, congestion (abnormal cardiac filling resulting in
high venous pressure; e.g., elevated jugular venous pres-
sure [JVP], hepatic enlargement and tenderness, peripheral
oedema, pulmonary crackles, pleural effusions, and ascites)
(Table 1).

On exertion, at rest, when recumbent: Symptoms of heart
failure generally and initially manifest on physical (and
occasionally emotional) exertion. As the heart failure syn-
drome progresses, symptoms occur on lower levels of physi-
cal activity and even at rest (Table 2). An exception is the fluid
shift that occurs during recumbency, which accounts for
orthopnoea and paroxysmal nocturnal dyspnoea.

Abnormality of cardiac structure or function: Despite the
end-organ impact of the heart failure syndrome, the under-
lying problem is generally a cardiac one, most commonly
involving ventricular myocardial systolic or diastolic dys-
function (or both). However, structural abnormalities of

Symptoms and signs of heart failure

More typical symptoms
Dyspnoea (usually with exertion)
Orthopnoea

Paroxysmal nocturnal dyspnoea
Fatigue

Nocturnal cough

Wheeze

Abdominal bloating

Anorexia

Confusion (elderly)

Depression

Palpitations

Dizziness

Syncope

Bendopnoea (shortness of breath when leaning forward)

More specific signs

Elevated jugular venous pressure
Hepatojugular reflux

Third heart sound

Laterally displaced apex beat

Weight gain (>2 kg/wk)

Weight loss (in advanced heart failure)
Peripheral oedema (ankle, sacrum)
Pulmonary crackles

Pleural effusions

Cardiac murmur

Tachycardia

Tachypnoea

Cheyne-Stokes respiration

Ascites

© Copyright European Society of Cardiology 2016. Reproduced pursuant to the "research and study" Fair Dealing exemptions under the Designs and Patents Act

1988 (UK) and the Copyright Act 1968 (Cth), as appropriate.
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Table 2 New York Heart Association functional classification of heart failure.

New York Heart Association functional classification of heart failure

Class I
No limitation of ordinary

Class II
Slight limitation of ordinary
physical activity physical activity

No symptoms at rest

Class II1
Marked limitation of ordinary

Class IV
Symptoms on any physical
physical activity activity or at rest

No symptoms at rest

virtually any cardiac component (ranging from the valves to
the pericardium, endocardium, and conduction system) can
lead to the syndrome of heart failure.

Impairs the ability of the heart to fill with blood at
normal pressure: In diastole, the ventricle fills with blood.
An inability to fill with blood without increased filling pres-
sure (generally due to reduced ventricular compliance or
active relaxation, or both) results in symptoms and signs
of congestion of the vasculature and end organs.

Impairs the ability of the heart to eject sufficient blood:
Intuitively, if the heart is regarded first and foremost as a
pump, a reduction in blood ejection, and therefore in cardiac
output, to the degree that it is insufficient for the metabolis-
ing needs of the tissues, will result in symptoms and signs.

3.3. Classification

As discussed in Section 3.2, heart failure is diagnosed clini-
cally. Patients diagnosed with heart failure may then be
classified according to their LVEF as follows.

The primary classification of heart failure is currently
based on the LVEF, as discussed below. This should be
measured using either two-dimensional echocardiography
(usually with the biplane method of discs or modified
Simpson’s rule) or three-dimensional echocardiography.

Table 3 Heart failure diagnostic criteria.

While global longitudinal strain may be a more sensitive
marker of left ventricular (LV) contractility—given the vari-
ability between vendors and software [23], and that this
measurement is not widely used in standard clinical prac-
tice—the writing group recommends the use of LVEF as the
global measure of LV contractility to categorise heart failure
following diagnosis. This well-established haemodynamic
term reflects the percentage of ventricular volume that is
ejected per heartbeat. The lower limit of normal for the LVEF
is 50-55%.

EF = (EDV — ESV)/EDV (expressed as a percentage)

where EF = ejection fraction; EDV = end diastolic volume;
ESV = end systolic volume.

It follows that the EF is a measure of cardiac ejection and
therefore of systolic function. This haemodynamic parameter
is central to the modern classification of heart failure
syndromes.

3.3.1. Heart Failure with Reduced Ejection Fraction

HFrEF (formerly systolic heart failure) is defined as the
clinical symptoms with or without signs of heart failure
and a measured LVEF of less than 50% (see Table 3). How-
ever, if the LVEF is only mildly reduced (LVEF 41-49%),

Heart failure diagnostic criteria

HFrEF HFpEF

e Symptoms = signs of e Symptoms = signs of heart failure
heart failure and

and e LVEF >50%

e LVEF <50%" and

e Objective evidence of:

o Relevant structural heart disease (LV hypertrophy, left atrial enlargement)

and/or

o Diastolic dysfunction, with high filling pressure demonstrated by any of the following:

e invasive means (cardiac catheterisation)

® echocardiography

e biomarker (elevated BNP or NT proBNP)
e exercise (invasive or echocardiography)

BNP: B-type natriuretic peptide, HFpEF: heart failure with preserved ejection fraction, HFrEF: heart failure with reduced ejection fraction, LV: left ventricular,

LVEEF: left ventriclular ejection fraction, NT: N-terminal.

“If LVEF mildly reduced (LVEF 41-49%), additional criteria required (e.g., signs of heart failure; diastolic dysfunction with high filling pressure demonstrated by

invasive means or echocardiography or biomarker testing).



1138

J.J. Atherton et al.

additional criteria are required (e.g., signs of heart failure or
objective evidence of high filling pressure—see diastolic dys-
function below).

The LVEEF cut-off chosen to identify patients with HFrEF in
the large randomised controlled trials (RCTs) has varied
from 25 to 40%, with most studies using a cut-off of 35%.
We chose a 50% cut-off for reasons that are discussed further
below. However, different cut-offs may be used to access
specific therapies, largely guided by clinical trial evidence
and local reimbursement or funding arrangements.

3.3.2. Heart Failure with Preserved Ejection Fraction
HFpEF (formerly diastolic heart failure) has proven much
more difficult to define because the key objective marker of
cardiac abnormality (the LVEF) is by definition preserved,
leaving only clinical symptoms and signs, which are largely
non-specific. Indeed, the definition of HFpEF remains an
evolving and dynamic concept.
HFpEF is defined as all of the following (see Table 3):

e clinical symptoms with or without signs of heart failure;

e a measured EF of at least 50%;

e objective evidence of either relevant structural heart dis-
ease or diastolic dysfunction without an alternative cause
(e.g., significant valvular heart disease).

The term ‘relevant structural heart disease’ refers to LV
hypertrophy or left atrial enlargement. LV hypertrophy
(increased LV wall thickness or LV mass index of more
than 115 g/m?® [men] or more than 95g/m” [women])
reduces ventricular compliance. It is a common associated
feature and potential cause of diastolic dysfunction, which
results in high left-sided intracavity filling pressure. Left
atrial enlargement (left atrial volume index of more than
34 mL/m?) is a consequence of high left-sided intracavity
filling pressure.

Diastolic function incorporates two components: LV com-
pliance (the inverse of stiffness) and active ventricular relax-
ation. Reduced ventricular compliance and abnormal
ventricular relaxation may both result in increased left-sided
intracavity filling pressure.

Diastolic dysfunction refers to documentation of high left-
sided intracavity filling pressure by any of the following;:

® invasive means—e.g., pulmonary capillary wedge pres-
sure (PCWP) of more than or equal to 15 mm Hg or LV
end-diastolic pressure of more than 16 mm Hg;
¢ echocardiography—at least three of the following;:
- mitral annular velocity (septal) € of less than 7 cm/s/
(lateral) €' of less than 10-cm/s;
- average mitral valve early wave inflow velocity E/€'
ratio of more than 14;
- left atrial volume index of more than 34 mL/m?>;
- tricuspid valve regurgitation velocity of more than
2.8 m/s [24];
® biomarker analysis using rule-in cut-offs for natriuretic
peptides (see Table 4).

Table 4 BNP and NT-proBNP diagnostic cut-off
values”

BNP/NT —proBNP diagnostic cut-off values

BNP (ng/L) NT proBNP (ng/L)
Heart failure rule-out <100 <300
Heart failure rule-in >400 Age <50 yr: >450

Age 50-75 yr: >900
Age >75 yr: >1800

BNP: B-type natriuretic peptide, NT: N-terminal.
“Defining cut-off values (particularly for rule-in) is complicated and some-
what limited in accuracy due to multiple factors influencing natriuretic

peptide levels (see Section 5.2.1 - Diagnosis of Heart Failure).

Just as symptoms of heart failure can occur only on exertion,
evidence of high intracavity filling pressure might only be
present on exertion. Exercise testing may therefore be con-
sidered in patients where the clinical suspicion of HFpEF
remains, despite not meeting the criteria above. Furthermore,
exercise testing will provide an objective measure of exercise
capacity, and exercise imaging will allow the evaluation for
myocardial ischaemia as an alternative cause of symptoms.
In these patients, the sensitivity of HFpEF diagnosis is
improved with measurement of parameters of filling pres-
sure either invasively (considered positive if PCWP
>25 mm Hg), or with echocardiography (considered positive
when all of the following occur: average E/e’ > 14 or septal
E/e’ > 15 and peak tricuspid regurgitation velocity >2.8m/s
during or immediately following exercise; and septal e’
velocity <7 cm/s at baseline) [24,25].

3.3.3. Ejection Fraction 40-50%
We chose a 50% cut-off to differentiate between HFrEF and
HFpEF mainly for therapeutic reasons. The writing commit-
tee does not recommend a separate ‘mid-range’ EF (HFmrEF)
category at this time. The main reasons for this are, first, that
although HFrEF and HFpEF have different clinical spec-
trums and proposed pathophysiological mechanisms (see
below), there is no clear defining syndrome recognised or
postulated for HFmrEF. Second, although variability in LVEF
measurement by echocardiography is improving, the EF
range of only 10% is too narrow to confidently ascribe a
new and separate group with current diagnostic test accu-
racy. Finally, it is unclear how introducing an additional
category will inform clinical management. Indeed, post
hoc analyses of the small number of patients with heart
failure associated with a ‘mid-range’ EF evaluated in RCTs
suggest they may receive similar benefits from blockade of
the renin-angiotensin system [26], beta blockers [27], and
mineralocorticoid receptor antagonists (MRAs) [28] to
patients with heart failure associated with an LVEF of less
than 40%.

We therefore recommend that, following a clinical diagno-
sis of heart failure, an LVEF of 50% or more be considered
HFpEF and an LVEEF of less than 50% be considered HFrEF to
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inform management strategy. HFrEF where the EF has
improved to more than 50% with treatment (so-called recov-
ered HFrEF) should generally be considered and treated like
HFrEF because the pathophysiology is not believed to have
changed in most cases.

3.4. Terminology

Asymptomatic left ventricular dysfunction refers to
reduced LVEF (<50%) with no current or prior clinical evi-
dence of heart failure. Its importance lies in being a strong
risk factor for the development of heart failure.

New onset or de novo heart failure refers to the first
presentation and diagnosis of heart failure in a patient.
The history of symptoms may be short (hours to days) or
long (weeks to months). It follows that these patients have
not previously received heart failure treatment.

Chronic heart failure refers to patients with diagnosed
heart failure for a period of time (arbitrarily defined as a
minimum of 3 months). It follows that these patients have
received some heart failure treatment.

Acute heart failure can take many forms and represents a
heterogeneous group. It refers to the acute onset or signifi-
cant worsening of symptoms of heart failure sufficient to
warrant treatment intervention. Specific subgroups of acute
heart failure are described below:

Acute (cardiogenic) pulmonary oedema (APO)—A med-
ical emergency characterised by the acute (often within
minutes or hours) development of pulmonary oedema as
the dominant clinical feature of left heart failure with redis-
tribution of fluid into the pulmonary interstitium and then
alveolar flooding. APO results in the rapid development of
respiratory failure and potentially respiratory arrest and
death without intervention.

Cardiogenic shock—A medical emergency with a partic-
ularly poor prognosis. Cardiogenic shock is typically char-
acterised by the acute development of reduced cardiac
output (cardiac index <2.2L/min/m? and hypotension
(systolic blood pressure [BP] <90 mm Hg) in the setting of
heart failure (PCWP > 18 mm Hg) to the point where end-
organ perfusion is compromised. Without intervention, mul-
tiorgan failure and death ensues. Cardiogenic shock most
commonly results from a large acute myocardial functional
insult (e.g., acute myocardial infarction (MI) or acute fulmi-
nant myocarditis) or a catastrophic cardiac structural insult
(e.g., acute torrential valvular regurgitation). Cardiogenic
shock is increasingly seen in the older comorbid population
as an end-stage phenomenon in the chronic heart failure
(CHF) illness trajectory, where it typically has a more sub-
acute onset.

Acute decompensated heart failure (ADHF)—The most
common form of acute heart failure in Australia is an acute
deterioration (decompensation) in a previously stable patient
with CHF. The precipitants for decompensation are multiple
and varied, ranging from patient factors, disease state factors
and comorbidities. The precipitants of decompensation often
require attention in their own right, concurrent with man-
agement of the heart failure. While ADHF can present

acutely, it more typically presents with a subacute history
of several weeks of gradual deterioration with symptoms and
signs of congestion [29].

Right heart failure refers to solitary or predominant fail-
ure of the right heart. Rare causes are right ventricular (RV)
infarction or isolated tricuspid valve pathology; however, the
most common cause of right heart failure is right heart
pressure overload. The right heart is a low-pressure system,
and consequently it is particularly sensitive to high afterload
(pulmonary hypertension). Pulmonary hypertension is a
consequence of many prevalent chronic diseases in Austra-
lian society; e.g., HFrEF, HFpEF, hypertension, left-sided
valvular heart disease, atrial fibrillation (AF), obesity, chronic
lung disease, sleep apnoea, chronic renal failure, pulmonary
thromboemboli and, although not a disease entity, ageing
itself. Unfortunately, right heart failure is an advanced illness
phenomenon with a particularly poor prognosis. Indeed, it is
the primary determinant of survival in many common car-
diac and respiratory chronic diseases including HFrEF,
HFpEF, valvular heart disease, chronic obstructive pulmo-
nary disease (COPD), interstitial lung disease (ILD) and
pulmonary arterial hypertension. The diagnosis and man-
agement of pulmonary arterial hypertension is beyond the
scope of these guidelines.

3.5. Pathophysiology

3.5.1. Heart Failure with Reduced Ejection Fraction
Patients with HFrEF have reduced LV systolic function due
to a number of underlying causes (see Table 5). Reduced
systolic function will reduce cardiac output, which has mul-
tiple negative consequences (see Figure 1):

e reduced end-organ perfusion;

e activation of neurohormonal (e.g., renin-angiontensin-
aldosterone system, sympathetic nervous system), and
inflammatory systems;

e cardiac remodelling (LV dilatation, myocyte hypertrophy,
and myocardial fibrosis);

® worsening cardiac function.

Together, these factors culminate in the malignant natural
history of HFrEF of a generally gradual but relentless decline
punctuated with acute decompensation episodes culminat-
ing in increased morbidity and eventual death. Importantly,
these many and varied negative consequences of reduced
cardiac output and heart failure also represent targets for
intervention from which the greatest heart failure treatment
successes have arisen.

3.5.2. Heart Failure with Preserved Ejection Fraction

The pathophysiology of HFpEF is less well defined. Its
wide acceptance as a true syndromic entity remained under
question until relatively recently [30]. It is accepted that
this condition is a major source of heart failure morbidity,
seen in typically comorbid and older patients. Specifically,
the entity is more prevalent in older, female patients with
a history of hypertension as well as obesity, diabetes, and
AF.
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Table 5 Causes of heart failure.

Causes of heart failure®

Myocyte damage Ischaemia:
or loss ® infarction
e ischaemia
® microvascular disease
e stunning or hibernation

Inflammation:
e infection (e.g., viral or Chagas disease)
* immune (autoimmune and hypersensitivity myocarditis, and connective tissue disease)

Toxic damage:

e alcohol, cobalt

e drugs—cytotoxic drugs (e.g., anthracyclines), stimulant drugs (e.g., amphetamines, cocaine), immunomodulating drugs (e.g., trastuzumab), clozapine,
anabolic steroids

e radiation

Infiltration:

¢ malignancy
e amyloid

e sarcoid

® haemochromatosis or iron overload

® glycogen storage diseases

¢ lysosomal storage diseases (e.g., Fabry disease)
Endomyocardial pathology:

¢ hypereosinophilic syndromes

* endomyocardial fibrosis or fibroelastosis

Metabolic abnormalities:
e thyroid

e growth hormone

e cortisol

e diabetes mellitus

® phaeochromocytoma

Nutritional abnormalities:

* deficiencies (e.g., thiamine, selenium or iron)
* malnutrition

® obesity

Genetic abnormalities:

e dilated cardiomyopathy

® hypertrophic cardiomyopathy

e left ventricular noncompaction

¢ arrhythmogenic right ventricular cardiomyopathy
* muscular dystrophies

¢ laminopathies

Abnormal loading ~ Hypertension

conditions Valve and myocardium:

¢ valvular dysfunction (rheumatic and non-rheumatic)

® congenital defects

Pericardial pathology:

e pericardial constriction or effusion

High output states:

® anaemia

® sepsis

e arteriovenous fistula

¢ thyrotoxicosis

e Paget disease

Volume overload:

e renal failure

e iatrogenic fluid overload
Arrhythmias Tachyarrhythmias:

e atrial (e.g., atrial fibrillation)
* ventricular arrhythmias

Bradyarrhythmias:
¢ sinus node or atrioventricular node dysfunction

© Copyright European Society of Cardiology 2016. Reproduced pursuant to the "research and study" Fair Dealing exemptions under the Designs and Patents Act
1988 (UK) and the Copyright Act 1968 (Cth), as appropriate.

“These are not mutually exclusive.
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Drivers and potential targets for treatment in heart failure with reduced ejection fraction
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Figure 1 Drivers and potential targets for treatment in heart failure with reduced ejection fraction.
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Prevailing current pathophysiological theories include:

® a causal role for comorbidities and consequent coronary
microvascular inflammation leading to myocyte hypertro-
phy and reduced cyclic guanosine monophosphate, result-
ing in hypophosphorylation of titin (reducing myocardial
relaxation) and myocardial fibrosis (reducing myocardial
compliance) [31];

central arterial stiffening, resulting in a rapidly
reflected arterial pulse wave, thereby increasing LV after-
load [32];

skeletal muscle oxygen delivery and extraction abnormal-
ities [33];

subtle abnormalities in contractile and chronotropic
reserve [34,35].

This ongoing pathophysiological uncertainty has undoubt-
edly contributed to the lack of treatment success for this
common condition.

4. Prevention of Heart Failure

4.1. Non-Pharmacological Prevention of
Heart Failure

Recommendation: Smoking cessation is recommended to
decrease the risk of cardiovascular events and decrease the
risk of developing heart failure.

(Strong recommendation FOR; low quality of evidence.)

Recommendation: Avoiding excess alcohol is recom-
mended, to decrease the risk of developing heart failure.
(Strong recommendation FOR; very low quality of evidence.)

Recommendation: Weight reduction is recommended in
patients who are overweight or obese, to decrease the risk
of developing heart failure.

(Strong recommendation FOR; low quality of evidence.)

Recommendation: Regular physical activity is recom-
mended to decrease the risk of cardiovascular events and
decrease the risk of developing heart failure.

(Strong recommendation FOR; low quality of evidence.)

Rationale: Primary prevention of behavioural risk
factors for heart failure will have a favourable effect on
the incidence of the condition, and one should refer to
published guidelines regarding recommended levels of
physical activity, dietary recommendations, and alcohol
intake.

The recommendation for smoking cessation is based on
observational studies reporting an association between
smoking and the risk of developing cardiovascular disease
and heart failure [36]. Obesity and physical inactivity are
associated with an increased risk of developing heart fail-
ure [37,38], and gastric bypass surgery was recently reported
to be associated with a marked reduction in the incidence
of heart failure [39]. Observational studies report a U-shaped
relationship between alcohol consumption and risk of
developing heart failure; however, alcohol intake over 14
standard drinks per week is not protective, and may be
harmful [40-42].

4.2. Pharmacological Prevention of Heart
Failure

Recommendation: BP lowering and lipid lowering accord-
ing to published guidelines are recommended, to decrease
the risk of cardiovascular events and decrease the risk of
developing heart failure.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: Angiotensin converting enzyme
(ACE) inhibitors should be considered in patients with
cardiovascular disease to decrease the risk of cardiovascu-
lar events and decrease the risk of developing heart failure.
(Strong recommendation FOR; moderate quality of
evidence.)

Recommendation: Sodium-glucose cotransporter 2
(SGLT?2) inhibitors are recommended in patients with type
2 diabetes mellitus associated with cardiovascular disease
and insufficient glycaemic control despite metformin, to
decrease the risk of cardiovascular events and decrease the
risk of hospitalisation for heart failure.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: ACE inhibitors are recommended in
patients with LV systolic dysfunction to decrease the risk
of developing heart failure.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: Beta blockers should be considered in
patients with LV systolic dysfunction to decrease the risk
of developing heart failure.

(Strong recommendation FOR; low quality of evidence.)

Rationale: Interventions that decrease the risk of develop-
ing cardiovascular disease would be expected to decrease
the risk of heart failure, with strong RCT evidence supporting
the benefits of blood pressure lowering [43] and lipid
lowering [44].

The effect of glucose lowering on the risk of cardiovascular
events and heart failure in patients with diabetes mellitus has
been less clear; however, longer term follow-up over 10 years
suggests this will decrease the risk of cardiovascular events
[45]. Two RCTs showed that SGLT?2 inhibitors decreased the
risk of cardiovascular events and decreased the risk of heart
failure hospitalisation in patients with type 2 diabetes who
were at high cardiovascular risk (most with cardiovascular
disease) with a raised HbAlc despite background therapy,
which included baseline prescription rates of 74-78% for
metformin, 48-51% for insulin and 42-44% for sulfonylureas
[46-48]. Clinicians need to be aware that euglycaemic ketoa-
cidosis has been rarely reported with the use of SGLT2
inhibitors, so these agents should be withheld when the
patient is acutely unwell or fasting for surgical procedures.

ACE inhibitors decrease the risk of cardiovascular events
and decrease the risk of developing heart failure in patients
with cardiovascular disease [49]. They have also been shown
to decrease the risk of developing heart failure and improve
survival [50-52] in patients with asymptomatic LV systolic
dysfunction. It is less clear whether these benefits also apply
to angiotensin receptor blockers (ARBs); however, if ACE
inhibitors are either contraindicated or not tolerated, it is
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reasonable to use ARBs. Beta blockers have been associated
with a further reduction in the risk of developing heart
failure on top of ACE inhibitors in patients with asymptom-
atic LV systolic dysfunction [53-55], and favourable trends
were reported in an RCT evaluating carvedilol in patients
with LV systolic dysfunction following MI [56].

4.3. Screening for Preclinical Heart
Failure

Background: Screening with 12-lead electrocardiography
(ECG), echocardiography, and plasma B-type natriuretic
peptide (BNP) or N-terminal proBNP (NT proBNP) has been
considered in ambulatory patients at high risk of developing
heart failure to identify abnormalities in cardiac structure
and function prior to the development of symptoms of heart
failure and allow the use of therapies to prevent heart failure.
This level of community screening in at-risk populations will
have broader implications due to the sheer number of such
patients and the impact of downstream investigations, such
that the cost-effectiveness is uncertain.

Although a normal ECG implies that a reduced LVEF is
unlikely, the low specificity of ECG abnormalities reduces
the value of ECG as a screening tool [57,58]. Given therelatively
low rates of asymptomatic LV systolic and advanced diastolic
dysfunction [6,59,60], echocardiographic screening is not rec-
ommended. Two medium-sized prospective clinical trials
have demonstrated screening BNP is associated with a reduc-
tioninincident heart failure events inambulatory subjects with
risk factors for developing heart failure (hypertension, diabetes
mellitus, obesity, hypercholesterolaemia, vascular disease,
valvular disease or arrhythmias). When the screening BNP
was more than 50ng/L or the NT proBNP more than
125 ng/L, subjects were investigated for heart failure and
treated with renin-angiotensin system antagonists with or
withoutbetablockers [61,62]. These studies both achieved their
primary endpoint, but the number of clinical events were
small, such that the clinical effectiveness of using BNP and
NT proBNP for screening in high-risk populationsis uncertain.

5. Diagnosis and Investigations

5.1. Dyspnoea

Dyspnoea is defined as the subjective sensation of abnormal
breathing. Its subjective nature represents a major difficulty
for the clinician; however, most commonly, the patient
describes a sensation of ‘inadequate breathing’ or ‘air hun-
ger’. Moreover, although dyspnoea is the cardinal symptom-
atic manifestation of heart failure, its aetiology might
represent a myriad of different pathological and physiologi-
cal states besides heart failure. The patient’s complaint of
dyspnoea therefore represents a major and complex clinical
challenge for the heart failure clinical care provider.

5.1.1. Causes of Dyspnoea
In considering the causes of dyspnoea, the entire physiologi-
cal process of respiration must be considered because the

problem might be at any point between oxygen uptake in the
lungs and oxygen consumption by the tissues. This includes
the brain (mind and respiratory control centre), lungs, mus-
culoskeletal components of respiration, heart, vasculature,
blood, and metabolising tissues. The list given in Table 6, is
useful, but by no means exhaustive.

5.1.2. Dyspnoea Workup

Evaluation of a patient presenting with dyspnoea will vary
dependent on clinical circumstances such as acuity, the
patient’s age, and their past medical history. The history
should determine the duration and severity—based on the
New York Heart Association (NYHA) functional classifica-
tion—of dyspnoea and whether there are precipitating fac-
tors (e.g., exertion and emotion). If heart failure is suspected,
one should enquire as to whether the patient has orthopnoea,
paroxysmal nocturnal dyspnoea or associated symptoms
such as chest pain, palpitations, dizziness, syncope, swollen
ankles, and abdominal bloating. Physical examination
should include assessment of vital signs (heart rate and
rhythm, blood pressure, respiratory rate and temperature),
peripheral perfusion, volume status (JVP, peripheral and
sacral oedema, ascites and hepatic congestion), cardiac pal-
pitation, and auscultation (apex beat, gallop rhythm, and
murmurs) and auscultation of lung fields (air entry, crackles,
and wheeze).

Basic investigations include non-invasive measurement of
oxygen saturation, 12-lead ECG, chest X-ray, serum biochem-
istry (electrolytes, renal function, and liver function) and full
blood count. Further investigations will depend on clinical
circumstances and findings from the initial clinical workup,
and may include serum cardiac troponin measurement,
plasma natriuretic peptide levels, thyroid function tests,
arterial blood gases, D-dimer, echocardiography, stress test-
ing (assessment for ischaemia or filling pressures), coronary
angiography (computed tomography [CT], invasive), right or
left heart catheterisation, lung function tests, ventilation/
perfusion lung scan, CT pulmonary angiography, high-reso-
lution CT chest, cardiopulmonary exercise testing, and car-
diac magnetic resonance (CMR) imaging.

5.1.3. Requirement for More Urgent Evaluation or
Referral

Alist of red flags that may require more urgent evaluation or
specialist referral is included in Table 7.

5.2. Diagnostic Investigations for Heart
Failure

5.2.1. Diagnosis of Heart Failure

5.2.1.1. 12-Lead electrocardiogram.

Recommendation: A 12-lead ECG is recommended in
patients with either a suspected diagnosis or new diagnosis
of heart failure, to assess cardiac rthythm, QRS duration,
and the presence of underlying conditions such as myocar-
dial ischaemia or LV hypertrophy.

(Strong recommendation FOR; low quality of evidence.)
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Table 6 Causes of dyspnoea.

Causes of dyspnoea

Cardiac e Increased left-sided intracavity filling pressure

— heart failure due to myocardial dysfunction (HFrEF, HFpEF)
— left-sided valvular dysfunction (aortic or mitral stenosis or regurgitation)

e Myocardial ischaemia

e Arrhythmia (tachyarrhythmia, bradyarrhythmia, ectopy, AF, atrioventricular disassociation)

® Low cardiac output (left-sided):
- pulmonary hypertension
- hypovolaemia
- cardiac shunt
- cardiac compression (pericardial constriction, cardiac tamponade, tension pneumothorax)

Respiratory * Hypoxia
— pulmonary parenchymal abnormality—infection (pneumonia), fibrosis, destruction (emphysema),
oedema, alveolar haemorrhage and compression (pleural effusion and pneumothorax)

— airway obstruction (asthma, bronchitis, upper airway)
— ventilation—perfusion mismatch (pulmonary embolus and pulmonary shunt)

® Central respiratory drive abnormality (pharmacological, metabolic)

® Musculoskeletal respiration abnormality
— skeletal myopathy
— respiratory muscle fatigue
— chest wall abnormality (kyphoscoliosis, thoracic skeletal pain and obesity)

Peripheral muscle oxygen e Poor physical fitness
extraction abnormality ® Myopathy
or inefficiency

Hyperventilation e Acidosis (renal failure, ketoacidosis, shock)
® Pharmacological cause
e Thyrotoxicosis

AF: atrial fibrillation, HFpEF: heart failure with preserved ejection fraction, HFrEF: heart failure with reduced ejection fraction.

Table 7 When to consider early referral (red flags).

When to consider early referral in the community setting (red flags)

Symptoms e Orthopnoea
e Paroxysmal nocturnal dyspnoea
® Syncope
® Ischaemic chest pain

Signs e Tachycardia (heart rate >100 bpm)
e Bradycardia (heart rate <40 bpm)
* Hypotension (systolic BP <90 mm Hg)
* Hypoxaemia
e Gallop rhythm

e Significant heart murmur

Investigations e Evidence of ischaemia or infarction on 12-lead ECG
e Pulmonary oedema on chest X-ray
® Raised cardiac troponin level
® Moderate or severe valvular heart disease on echocardiography
e LVEF <40%
e Ischaemia on stress testing

BP: blood pressure, ECG: electrocardiogram, LVEF: left ventricular ejection fraction.
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5.2.1.2. Chest X-ray.
Recommendation: A chest X-ray is recommended in
patients with either a suspected diagnosis or new diagnosis
of heart failure, to detect signs of pulmonary congestion,
and to identify alternative cardiac or non-cardiac causes for
the patient’s symptoms.
(Strong recommendation FOR; very low quality of evidence.)
5.2.1.3. B-type Natriuretic Peptide and N-terminal pro-B-
type Natriuretic Peptide.
Recommendation: BNP or NT proBNP levels are recom-
mended for diagnosis in patients with suspected heart
failure, when the diagnosis is uncertain.
(Strong recommendation FOR; high quality of evidence.)
5.2.1.4. Echocardiogram.
Recommendation: A transthoracic echocardiogram is rec-
ommended in patients with suspected heart failure, to
improve diagnostic accuracy, and in patients with a new
diagnosis of heart failure, to assess cardiac structure and
function (including measurement of LVEF), assist in clas-
sification and therefore guide management.
(Strong recommendation FOR; low quality of evidence.)
Rationale: The diagnostic workup of a patient with sus-
pected heart failure is summarised in Figure 2. Highly rec-
ommended investigations include the 12-lead ECG, chest X-
ray, transthoracic echocardiography and laboratory blood
testing, to establish an initial working diagnosis and

Diagnostic workup of a patient with suspected heart failure

treatment plan. Although the ECG is usually abnormal in
patients with heart failure, the abnormalities are often non-
specific. A chest X-ray may rule in the diagnosis of heart
failure or identify an alternative cause for the patient’s symp-
toms; however, a normal chest X-ray does not rule out heart
failure. An echocardiogram is an essential investigation in
patients with a diagnosis of heart failure, to evaluate cardiac
chamber volumes, LV wall thickness, LV systolic and dia-
stolic function, RV systolic function, intracardiac filling pres-
sures, valve structure and function, pulmonary artery
pressure, and pericardial disease [23,24]. However, if the
diagnosis is unclear following initial clinical assessment
and an echocardiogram cannot be arranged in a timely fash-
ion, measurement of plasma natriuretic peptide levels is
recommended.

Natriuretic peptides can be viewed as the body’s endoge-
nous defence against hypervolaemia and hypertension. They
are vasoactive peptides that result in natriuresis, diuresis,
and vasodilation. The natriuretic peptides comprise atrial, B-
type, and C-type natriuretic peptides. BNP is released from
myocytes in response to elevated (predominately ventricu-
lar) wall tension as a pro-peptide. The pro-peptide (proBNP)
is released into the circulation and then cleaved into biologi-
cally active BNP and its biologically inactive NT fragment
(NT proBNP). Both peptides have been shown to correlate
with intracavity cardiac filling pressures in patients with

Suspected heart failure based
on history and examination
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Heart failure diagnosed
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Above
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Figure 2 Diagnostic workup of a patient with suspected heart failure.
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heart failure. Individual patient characteristics affect levels
of these peptides, which increase with ageing, renal
impairment, AF, and to a minor degree, female gender; levels
are reduced in obesity [63].

Plasma BNP and NT proBNP levels are useful to rule out
heart failure in patients with undifferentiated dyspnoea in
the emergency [64-66] and primary care settings [67].
Patients with normal BNP or NT proBNP are unlikely to
have heart failure, and alternative diagnoses should be con-
sidered. However, if the diagnosis of heart failure remains
strongly suspected, further investigation with echocardiog-
raphy may be helpful. Higher plasma BNP and NT proBNP
cut-offs can be used to rule in the diagnosis of heart failure.

Practice advice

1. The initial workup of a patient with suspected heart failure
includes taking a history, conducting a cardiorespiratory
physical examination and arranging a chest X-ray. This may
allow the diagnosis of heart failure to be ruled in (e.g., the
presence of symptoms and signs specific for that diagnosis,
see Table 1, or radiographic appearances consistent with
pulmonary congestion); however, a normal physical exam-
ination and chest X-ray does not rule out the diagnosis.

2. A 12-lead ECG, blood biochemistry (electrolytes, urea,
creatinine, glucose, liver function tests), full blood count,
and thyroid function tests should be performed in
patients with either a suspected diagnosis or new diag-
nosis of heart failure, to assess comorbid conditions and
alternative causes for fluid overload.

3. The single most useful investigation in patients with
suspected or confirmed heart failure is the echocardio-
gram. However, if the diagnosis is unclear and an echo-
cardiogram cannot be arranged in a timely fashion,
measurement of plasma BNP and NT proBNP has been
shown to improve diagnostic accuracy.

4. The BNP and NT proBNP precise cut-offs are variable
between trials and are affected by individual patient
characteristics (e.g., age, weight, and renal function);
however, we propose as a pragmatic guide to the clini-
cian a BNP of less than 100 ng/L and an NT proBNP of
less than 300 ng/L for rule-out.

5. Levels of BNP and NT proBNP are generally lower in
HFpEF than in HFrEF; consequently, the ‘rule-out’ reli-
ability of BNP and NT proBNP levels in suspected
HFpEF is significantly weaker than in HFrEF. Other
guidelines have used lower cut-offs in the ambulatory
setting, however the trade-off is that this leads to more
false positives and unnecessary downstream testing.

6. Levels of BNP and NT proBNP can be elevated in car-
diovascular conditions other than heart failure (e.g., pul-
monary  thromboembolism, pulmonary  arterial
hypertension, AF, and acute coronary syndromes).

5.2.1.5. Other imaging for diagnosis.
Practice advice

1. Given the dose of ionising radiation required for nuclear
imaging and the inability to assess diastolic function

and valve function, radionuclide ventriculography is
generally reserved for patients in whom echocardiogra-
phy images are non-diagnostic, because of limited acous-
tic windows. CMR is a preferred alternative in this
setting.

2. Bedside thoracic ultrasound may be considered in
patients with suspected acute heart failure to detect
interstitial oedema (ultrasonographic B lines) and pleural
effusion [68,69]. However, there is insufficient evidence
with which to recommend its routine use for the diagno-
sis of heart failure.

5.2.2. Assessment of Aetiology
Recommendation: Invasive coronary angiography should
be considered in patients with heart failure associated with
refractory angina, resuscitated cardiac arrest, sustained
ventricular arrhythmias, or with evidence of ischaemic
heart disease on other investigations, or an intermediate-
to-high pretest probability of coronary artery disease, to
determine the need for coronary revascularisation.
(Strong recommendation FOR; low quality of evidence.)
Recommendation: Either CT coronary angiography or
CMR with late gadolinium enhancement (LGE) may be
considered in patients with heart failure who have a
low-to-intermediate pretest probability of coronary artery
disease, to distinguish ischaemic and non-ischaemic causes
of ventricular dysfunction.
(Weak recommendation FOR; low quality of evidence.)
Recommendation: Non-invasive functional testing—
stress echocardiography, single-photon emission computer-
ised tomography scan (SPECT), positron emission tomogra-
phy (PET) and CMR with LGE—may be considered in
patients with heart failure and established coronary artery
disease for the assessment of myocardial ischaemia and via-
bility, to determine the need for coronary revascularisation.
(Weak recommendation FOR; very low quality of evidence.)
Recommendation: CMR with LGE should be considered
in patients with heart failure associated with increased LV
wall thickness that remains unexplained following clinical
evaluation including a 12-lead ECG and echocardiogram to
identify inflammatory and infiltrative cardiomyopathies.
(Strong recommendation FOR; low quality of evidence.)
Recommendation: Either PET or bone scintigraphy may
be considered in patients with heart failure associated with
increased LV wall thickness that remains unexplained fol-
lowing clinical evaluation, including a 12-lead ECG and
echocardiogram to identify infiltrative cardiomyopathies.
(Weak recommendation FOR; low quality of evidence.)
Rationale: In patients with recent-onset heart failure of
uncertain aetiology with no obvious ischaemic basis, CMR
with LGE and magnetic resonance coronary angiography
(MRCA), and invasive coronary angiography (ICA) were
compared against a gold standard consensus panel to deter-
mine the final diagnosis. LGE appeared to show diagnostic
equivalence to ICA to detect ischaemic heart disease [70]. In
another diagnostic accuracy study [71], patients were admit-
ted for the management of heart failure of unknown
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aetiology. Independent diagnoses were made using CMR,
endomyocardial biopsies (EMB), echocardiograms and clini-
cal data; these diagnoses were compared with a gold stan-
dard defined as the complete clinical data, CMR, and EMB.
The findings of this study indicated that CMR, especially
when combined with other diagnostic procedures, may have
a capacity to diagnose the underlying aetiology in patients
with heart failure, as well as or better than EMB.

Three prospective cohort studies [72-74] and one retro-
spective study [71] examined the value of CMR for further
diagnostic clarification in patients with increased LV wall
thickness on echocardiography. The various studies com-
pared the diagnostic value of CMR against reference stand-
ards including echocardiographic examination [72,73], EMB
[71]. and bone tracer scintigraphy [74]. Kwong et al. (2015)
found the extent of left atrial LGE using CMR was highly
predictive for the diagnosis of cardiac amyloidosis—show-
ing, on average, a nearly twofold increase in the odds of
cardiac amyloidosis diagnosis [73]. The study by Martinez-
Nabharro et al. (2017) suggests that, in patients with cardiac
amyloidosis, LGE is always present, and appeared as diffuse
subendocardial LGE in 29% of patients and transmural LGE
in 71% [74]. Yoshida et al. (2013) found that the use of CMR
demonstrated a diagnostic capability comparable with EMB.
While both CMR and EMB misdiagnosed patients with
hypertrophic cardiomyopathy (HCM), cardiac sarcoidosis
(CS), and hypertensive heart disease (HHD), all of the
patients who received accurate diagnoses with EMB alone
were correctly diagnosed using the combined diagnosis with
clinical data, echocardiogram, and CMR [71]. Bone scintig-
raphy has been shown to have a high sensitivity and speci-
ficity for the diagnosis of transthyretin-related cardiac
amyloidosis [75].

Practice advice

1. The evaluation of heart failure aetiology should be initi-
ated by a cardiologist or a treating physician on the
advice of a cardiologist. Given the implications for ther-
apy, patients with a reduced LVEF should have appro-
priate evaluation of coronary arteries, with the
evaluation determined by the presence or absence of
symptoms of coronary disease and the pretest probability
of coronary artery disease.

2. In conjunction with ancillary laboratory testing for sys-
temic conditions associated with infiltrative cardiomyop-
athies, non-invasive imaging with CMR or PET (or both)
or bone scintigraphy should be carefully considered.

5.2.3. Risk Stratification and Prognosis

See Table 8 for a summary of investigations and consider-

ations for risk stratification and prognosis.

5.2.3.1. BNP and NT proBNP.

Recommendation: BNP and NT proBNP levels may be

considered in patients with an established diagnosis of

heart failure for prognostic stratification.

(Weak recommendation FOR; high quality of evidence.)
Rationale: Consistent with their release and functional phys-

iology, BNP and NT proBNP levels have demonstrated

Table 8 Investigations and considerations for risk
stratification and prognosis.

e Investigations and considerations for risk stratification
and prognosis

® Age, sex

e Ethnicity

e NYHA functional class

® Recent deterioration (e.g., hospitalisation for heart
failure)

e Frailty, weight loss

e Comorbidities (e.g., IHD, AF, valvular heart disease,
stroke, diabetes, COPD, depression, cognitive impairment
and sleep apnoea)

e Heart rate and rhythm, systolic blood pressure

e Clinical congestion

e QRS duration

e Serum biochemistry: Na, K, eGFR, urate and liver
function tests

e Jron studies

e Cardiac troponin levels

e Haemoglobin

e BNP and NT proBNP

e Echocardiogram (LVEF, left atrial size, RV function,
RVSP, diastolic function)

e Cardiopulmonary exercise test, 6-min walk distance.

AF: atrial fibrillation, BNP: B-type natriuretic peptide, COPD: chronic
obstructive pulmonary disease, eGFR: estimated glomerular filtration rate,
IHD: ischaemic heart disease, LVEF: left ventricular ejection fraction, NT:
N-terminal, NYHA: New York Heart Association, RV: right ventricular,
RVSP: right ventricular systolic pressure.

prognostic predictive value in heart failure [76-78]. Indeed,
they are among the most powerful independent predictors of
mortality and adverse cardiovascular events across the whole
spectrum of heart failure. Moreover, they are similarly power-
ful predictors of major events in other cardiac diseases such as
MI [79], pulmonary arterial hypertension [80], valvular heart
disease [81], and pulmonary thromboembolism [82].
Practice advice
The clinical impact and change in management resulting
from the prognostic information gained from BNP and NT
proBNP levels is less clear. There are also many other prog-
nostic markers in heart failure. It is unclear whether and how
changes in BNP and NT proBNP levels should alter manage-
ment to improve patient care.
5.2.3.2. Genetic Testing.
Recommendation: Genetic testing may be considered in
patients with dilated cardiomyopathy (DCM) associated
with conduction disease, for prognostic stratification and
to guide management regarding the use of implantable
cardioverter defibrillators.
(Weak recommendation FOR; low quality of evidence.)
Rationale: The main value of genetic testing in patients with
inherited heart diseases (including DCM) is to allow
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predictive genetic testing in at-risk family members if a
family mutation is identified and thereby facilitate clinical
screening. Although some studies have reported earlier age
of onset and decreased event-free survival with certain
genetic causes, it is less clear what incremental risk predic-
tion this provides in addition to clinical variables. A recent
systematic meta-analysis reported a higher prevalence of
sudden cardiac death, cardiac transplantation or ventricular
arrhythmias in LMNA and phospholamban mutation carriers
[83]. LMNA mutation carriers appear to be more likely to
develop conduction disease, and to be at higher risk of
ventricular arrhythmias even before the development of
severe LV systolic dysfunction [83,84]. However, there is
little evidence that the results of genetic testing resulted in
a change in management practice.
5.2.3.3. CMR with LGE. Rationale: Two systematic reviews
[85,86] and 22 cohort studies assessed the presence, extent,
location, and patterns of LGE. The two reviews and most of the
original studies were of patients with DCM; most of the
patients with DCM had an LVEF of less than 45%. Overall,
the reviews and individual studies found that the presence of
LGE was a predictor of adverse cardiac outcomes. Both sys-
tematic reviews reported that LGE was a significant predictor
of sudden cardiac death (SCD) or ventricular arrhythmia
events. The extent, location, and patterns of LGE were not
predictive of these outcomes in all the studies. None of the
studies evaluated whether CMR led to improved outcomes.

In patients with HCM, LGE has been shown to be signifi-
cantly associated with all-cause mortality [87,88], and SCD in
two reviews [87,88], with a trend reported in another review
[89]. Chan et al. (2014) [90] similarly reported that extent of
LGE was a stronger predictor of SCD events than clinical risk
factors in people with HCM; each 10% increase in LGE was
accompanied by a 40% increase in risk of SCD (hazard ratio
[HR], 1.46; 95% confidence interval [CI], 1.12-1.92). The num-
ber of events was small in all studies. None of the studies
evaluated whether CMR led to improved outcomes.

Practice advice

CMR with LGE may be considered in patients with DCM
and HCM to provide prognostic information and guide
management decisions regarding the use of implantable
cardioverter defibrillators. However, no studies to date have
evaluated whether this will lead to improved outcomes.

5.2.4. Diagnostic Tests to Guide Therapy in Heart Failure
Recommendation: Transthoracic echocardiography should
be considered in patients with HFrEF 3-6 months after the
start of optimal medical therapy, or if there has been a
change in clinical status, to assess the appropriateness
for other treatments, including device therapy (implantable
cardioverter defibrillator (ICD) or cardiac resynchronisa-
tion therapy (CRT), or both).
(Weak recommendation FOR; low quality of evidence.)
Practice advice

1. Regular assessment of symptoms, cardiorespiratory
examination for vital signs and signs of congestion,

serum biochemistry (electrolytes, urea, creatinine, and
glucose), and full blood count should be performed in
patients with heart failure at regular intervals (usually
6- to 12-monthly once stabilised), or if there is a change in
clinical status, to adjust medications and review the need
for further investigations to ascertain reasons for deteri-
oration in clinical status.

2. A 12-lead ECG should be performed in patients with
heart failure at regular intervals (usually 12-monthly
once stabilised) or if there is a change in clinical status,
to monitor the development of cardiac arrhythmias and
to monitor QRS duration and morphology.

3. An echocardiogram is usually repeated 3—6 months after
commencing medical therapy in patients with HFrEF or
if there is a change in clinical status, to determine eligi-
bility for other pharmacological treatments (e.g., switch-
ing an ACE inhibitor or angiotensin receptor blocker to
an angiotensin receptor neprilysin inhibitor [ARNI], add-
ing ivabradine) and device therapy (ICD and CRT).

4. Current evidence does not support routine right heart
catheterisation to guide management in heart failure [91].

5.2.4.1. BNP and NT proBNP. Rationale: Many small-to-
medium sized RCTs have addressed the question of the incre-
mental benefit of HFrEF pharmacotherapy guidance using
BNP and NT proBNP levels compared to usual clinical care
[92-101]. Results have been mixed; however, meta-analyses
[102,103] suggest a benefit. The most recent large RCT has
failed to show a benefit of this management strategy [104].
Practice advice

1. Current evidence does not support routine measurement
of plasma BNP and NT proBNP levels to guide titration
of pharmacological therapy in ambulatory heart failure,
in view of conflicting evidence that this will decrease
mortality or hospitalisation.

2. BNP and NT proBNP levels change despite a stable
physiological state because of biological variability. Pres-
ent data suggests that a change in BNP of more than 40%
or a change in NT proBNP of more than 25% is outside
the accepted range of biological variability. Conse-
quently, changes of this magnitude can be interpreted
as a clinically significant worsening (if levels have
increased) or improvement (if levels have decreased)
of the heart failure status [105].

3. The use and uptitration of heart failure therapy (diu-
retics, ACE inhibitors, or ARBs and MRAs) reduces
BNP and NT proBNP levels by their effect on intracardiac
filling pressure and heart failure.

4. Beta blockers show a complex relationship with BNP and
NT proBNP levels, with an initial increase in levels fol-
lowed by a later fall [106]. This reflects the symptomatic
changes seen with beta blockade in HFrEF, and is physi-
ologically intuitive given the negative inotropic effects of
these agents.

5. ARNIs have a complex effect on BNP and NT proBNP
levels. NT proBNP is not a neprilysin substrate; hence,
levels are reduced with ARNI use. BNP is a neprilysin
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substrate (indeed this is probably at least in part a mech-
anism of action of the drug), and levels are therefore
increased with ARNI use, while the beneficial effect of
the drug on heart failure status will reduce BNP produc-
tion. These opposed effects in totality may result in a
small increase in overall BNP levels with ARNI use [107].

6. Acute Heart Failure

6.1. Assessment

Recommendation: Investigation and management of pre-
cipitating factors is recommended in all patients presenting
with acute heart failure. Acute coronary syndrome (ACS),
hypertensive crisis, arrhythmia, mechanical catastrophe (e.
g., ruptured interventricular septum, mitral papillary mus-
cle, or LV free wall, or acute valvular regurgitation) and
pulmonary embolism should be confirmed or excluded,
and managed immediately.

(Strong recommendation FOR; low quality of evidence.)

Rationale: Patients presenting with acute heart failure often
present as medical emergencies, and early assessment and
treatment is critical. Cardiogenic shock and acute respiratory
failure must be identified and managed urgently. Most
patients who present with an acute exacerbation of heart
failure have a history of chronic heart failure [108,109]. As
well as treating the symptomatic acute decompensation,
treatment of the precipitating factors (Table 9) has also been
shown to improve outcomes and response to therapy [109].
Treatment of underlying ischaemia, sepsis, anaemia, meta-
bolic disorders and haemodynamic abnormalities (Table 9)
can lead to further improvements in combination with treat-
ment of the heart failure itself [110]. Acute coronary syn-
drome, hypertensive crisis, arrhythmia, mechanical
catastrophe, and pulmonary embolism [108] should be
excluded and managed appropriately.

The need for medications that can exacerbate heart failure
symptoms or cause deterioration in cardiovascular haemo-
dynamics should be re-evaluated (Table 10) [111], because
their adverse effects may be reversible.

The presence or absence of congestion or hypoperfusion
can guide management [108-110]. Clinical assessment for
signs of congestion such as pulmonary crepitations, periph-
eral oedema, elevation of the JVP, pleural effusions, hepatic
congestion and ascites may require diuretics [112,113] or
vasodilator therapy [114-117]. Signs of reduced peripheral
perfusion such as cold extremities, sweating, oliguria, con-
fusion, and hypotension may require inotropic therapy
[118,119] or vasopressor agents [120].

Benefits and harms: Patients with acute heart failure often
constitute a medical emergency, and urgent treatment
should not be delayed to try to find a precipitating factor
[109,110]. Treating the underlying cause may improve out-
comes more rapidly and, if the precipitating factor is identi-
fied, may reduce the likelihood of recurrence [109,110].

Resources and other considerations: Targeted investiga-
tions including 12-lead ECG [121], chest X-ray [122], biochem-
istry [108,123] and haematology [108] can assist in
identification of aetiology and prognosis. Urgent echocardiog-
raphy should not delay treatment and is only required if there
are suspected mechanical issues (e.g., severe valvular stenosis
or regurgitation, ruptured interventricular septum or LV-free
wall, or pericardial tamponade) or if there is haemodynamic
instability [108]. Invasive haemodynamic monitoring, includ-
ing arterial lines, central venous lines and pulmonary arterial
catheters, are usually not indicated for diagnosis, but may later
become necessary in the intensive care or coronary care units
[108]; however, pulmonary arterial catheterisation has not
been shown to reduce mortality rehospitalisation [124]. Com-
mencement of treatment that improves long-term prognosis,
such as beta-adrenoreceptor antagonists, before hospital dis-
chargeincreases the likelihood of long-term maintenance treat-
ment with these agents [125].

Practice advice

1. A careful history should be taken to try to find a cause of
ADHEF (although this may be deferred while stabilising
patients with emergent presentations).

2. Investigations should focus on the cause and severity of
acute heart failure. This may include serial ECGs and

Table 9 Causes of acute decompensation of chronic heart failure.

Causes of acute decompensation of chronic heart failure

Arrhythmia (e.g., atrial fibrillation, ventricular tachycardia/
ectopy)

Increased sympathetic drive (e.g., phaeochromocytoma,
Takotsubo cardiomyopathy, acute hypertension)

Acute renal failure

Mechanical catastrophe (e.g., ruptured interventricular septum, mitral
papillary muscle or left ventricular free wall, or acute valvular

regurgitation)
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Table 10 Medications that may cause or exacerbate chronic heart failure.

Medications that may cause or exacerbate heart failure

Beta blockers, if used in unstable or unsuitable patients

COX: cyclo-oxygenase, NSAID: nonsteroidal anti-inflammatory drug, TNF: tumour necrosis factor.

cardiac troponin (exclude acute coronary syndrome),
chest X-ray (evaluate pulmonary congestion, cardiotho-
racic ratio, and exclude other pathology), blood biochem-
istry, full blood count, BNP measurement (confirm or
exclude diagnosis), echocardiography (for diagnosis and
evaluation for underlying aetiology and mechanical com-
plications), and lung ultrasound.

3. More than one precipitating factor may exist.

4. The need for medications that may exacerbate heart
failure should be re-evaluated.

5. Therapy should be guided according to the patient’s vital
signs, oxygen saturation, and the presence or absence of
congestion and hypoperfusion.

6.2. Oxygen Therapy in Acute Heart
Failure

Recommendation: Monitoring of peripheral arterial oxy-
gen saturation is recommended in patients with acute heart
failure.
(Strong recommendation FOR; very low quality of evidence.)

Recommendation: Oxygen therapy is recommended in
patients with acute heart failure associated with oxygen
saturation levels below 94%.
(Strong recommendation FOR; very low quality of evidence.)

Rationale: In the past, oxygen administration had been
recommended in patients with acute heart failure to relieve
symptoms of dyspnoea and possibly increase tissue oxygen
delivery, particularly in patients with myocardial ischaemia.
Recent studies, however, have demonstrated that oxygen
therapy in nonhypoxic patients causes vasoconstriction
(including coronary vasoconstriction), a reduction in cardiac
output and possible oxygen free radical damage [126,127].
Oxygen therapy should be reserved for patients with acute
heart failure and oxygen saturation levels below 94% to
correct hypoxaemia [128].

In patients with ST elevation myocardial infarction, the
Australian Air Versus Oxygen in Myocardial Infarction
(AVOID) study [128] randomised 638 patients with oxygen

saturation of 94% or more to oxygen vs no oxygen and found
that oxygen therapy was associated with an increase in
creatine kinase levels, recurrent MI and cardiac arrhythmia
as well as an increase in myocardial infarct size on CMR
imaging at 6 months. The DETO2X-SWEDEHEART study
[129] randomised 6629 patients with suspected MI and oxy-
gen saturation of 90% or more to oxygen vs ambient air. The
study found that oxygen therapy was associated with no
difference in mortality or recurrent MI at 1 year and no
difference in peak troponin or cardiogenic shock, although
there was a slight increase in hypoxaemia in the ambient air
group.

Oxygen therapy in patients with COPD may increase
ventilation—perfusion mismatch and suppress ventilation,
causing hypercapnoea [108]; in these patients, and in all
patients in whom oxygen is administered, oxygen saturation
should be monitored by pulse oximetry [128]. Oxygen ther-
apy should be prescribed in patients with initial oxygen
saturation below 94% to a target oxygen saturation of 94—
98%; however, a lower target (88-92%) may be applied in
those at risk of hypercapnoea [127].

Benefits and harms: Oxygen may improve tissue oxygen-
ation in patients who are hypoxaemic [108]. However, oxygen
therapy increases costs with no proven benefit in patients who
are not hypoxaemic [130]. In patients with COPD, oxygen
therapy may increase ventilation—perfusion mismatch and
suppress ventilation, causing hypercapnoea [108,130,131].

Resources and other considerations: Oxygen saturation
should be monitored by pulse oximetry in patients in whom
oxygen therapy is administered. Arterial blood gas analysis
facilities should be available, particularly for patients at risk
of hypercapnic type II respiratory failure.

Practice advice

1. Peripheral arterial oxygen saturation via pulse oximetry
should be monitored in patients with acute heart failure.

2. Oxygen therapy is not recommended in acute patients
with heart failure with oxygen saturation levels of 94% or
above.
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3. In hypoxic patients given oxygen therapy, a target oxy-
gen saturation of 94-98% should be achieved.

4. In patients at risk of hypercapnoea (type II respiratory
failure), an oxygen saturation of 88-92% should be
targeted.

5. Arterial blood gases should be monitored in patients at
risk of hypercapnic Type II respiratory failure.

6.3. Opiate Therapy in Acute Heart
Failure

Rationale: Opiates relieve anxiety and symptoms of dyspnoea
in pulmonary oedema. They have some beneficial effects on
cardiac and respiratory status in acute heart failure where
venodilatation and a reduction in respiratory drive and the
work of breathing are desirable. However, opiates may lead
to excessive respiratory depression, hypotension, nausea,
bradycardia, and possibly increased need for intubation
[131,132]. Opiates may be detrimental in acute MI and pul-
monary oedema [133], and there are concerns about
increased risk of adverse outcomes in patients with acute
heart failure. If vasodilators are required, then other agents
are preferred [131-133]. For similar reasons, anxiolytics and
sedatives are not recommended unless agitation is not able to
be controlled [108].

Benefits and harms: In patients who are distressed or
agitated, opiates may relieve symptoms, induce venodilata-
tion, mild arterial dilatation, and reduce heart rate [134].
These potential symptomatic effects should be weighed
against the risk of hypotension, respiratory depression,
and nausea (with the potential for aspiration), all of which
may increase the need for invasive ventilation.

Resources and other considerations: If opiates are admin-
istered to patients with acute heart failure and respiratory
distress, resources should be available in case of sudden
deterioration in blood pressure or respiratory drive that
may require vasopressor or ventilatory support.

Practice advice

1. Opiates should generally be avoided in patients with
acute heart failure, particularly in those with hypoten-
sion or who are at risk of aspiration or hypoventilation.

2. Opiates may be used very cautiously in patients with
uncontrollable agitation with the knowledge that the
requirement for invasive ventilation is increased.

6.4. Ventilatory Support in Acute Heart
Failure

Recommendation: Non-invasive ventilation should be con-
sidered in patients with acute heart failure associated with
pulmonary congestion who remain hypoxaemic and
tachypnoeic despite oxygen therapy, to improve symptoms
and reduce the requirement for intubation.
(Strong recommendation FOR; high quality of evidence.)
Rationale: Patients with acute heart failure and pulmonary
congestion or acute pulmonary oedema may experience
respiratory distress. If the oxygen saturation falls below
94%, oxygen therapy may be administered (see Section 6.2).

However, if the respiratory rate is more than 25 breaths/min-
ute, non-invasive continuous positive airway pressure (CPAP)
or bi-level positive airway pressure (BiPAP) ventilation is
recommended to reduce pulmonary congestion and respira-
tory distress [135-139], and may reduce requirements for
intubation and reduce mortality [129]. CPAP is generally the
first-line modality, but BiPAP also involves inspiratory pres-
sure support, which is useful in patients with coexistent type I
respiratory failure with hypercapnoea and acidosis as well as
acute pulmonary oedema.

If patients with acute heart failure and acute pulmonary
congestion remain hypoxaemic (oxygen saturation <94%) or
hypercapnic (PaCO, > 50 mm Hg) and develop respiratory
fatigue despite non-invasive ventilation, then intubation is
recommended [108,140]. Respiratory fatigue is usually asso-
ciated with a reduced respiratory rate, reduced respiratory
effort, hypercapnoea, and mental confusion [140]. Intubation
and mechanical ventilation should be reserved for patients
with acute respiratory failure who do not respond to oxygen,
vasodilators, and non-invasive ventilation.

Resources and other considerations: Non-invasive ventila-
tion may be commenced in the ambulance, emergency
department, coronary care unit, or intensive care unit if
resources are available. BiPAP often requires admission to
an intensive care or coronary care unit with appropriate
facilities. Oxygen saturation should be monitored by pulse
oximetry and often via arterial lines with frequent arterial
blood gas analysis.

Practice advice

1. Non-invasive ventilatory support is recommended in
patients with acute pulmonary congestion who remain
hypoxaemic (5a0, < 94%) and tachypneic (respiratory
rate > 25/min) despite oxygen therapy.

2. Patients with acute pulmonary congestion who have type
IT respiratory failure with hypercapnoea and acidosis
who require non-invasive ventilatory support are suit-
able candidates for BiPAP.

3. Positive pressure ventilation may lead to marked reduc-
tions in cardiac output and blood pressure in patients
with cardiogenic shock or severe RV failure, and should
therefore be used cautiously in such patients.

4. Patients who develop respiratory fatigue, hypercapnoea,
reduced respiratory rate, and mental confusion should be
considered for intubation and mechanical ventilation.

5. Heart rhythm, blood pressure and oxygen saturation
should be monitored.

6.5. Diuretics in Acute Heart Failure

Recommendation: Intravenous loop diuretics are recom-
mended in patients with acute heart failure associated with
congestion, to improve symptoms of fluid overload.
(Strong recommendation FOR; low quality of evidence.)
Rationale: Diuretics are recommended as first-line therapy
in patients with acute heart failure and evidence of conges-
tion for symptomatic relief. Signs of congestion include:
pulmonary crepitations, peripheral oedema, elevation of
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the JVP, pleural effusion, hepatic congestion and ascites
[108,141]. Diuretics should not be given until adequate per-
fusion and blood pressure is established [108,113,142].

Intravenous diuretics are not limited by gastrointestinal
hypoperfusion or bowel oedema, and they act more rapidly
than oral diuretics [113,142]. Loop diuretics, such as furose-
mide (frusemide), are the usual first choice; they act by
reducing sodium reabsorption in the ascending limb of the
loop of Henle and result in increased sodium and water
excretion [113,142].

Patients with acute heart failure and congestion often
require higher doses of diuretics to lead to a greater improve-
ment in dyspnoea and diuresis, but this may be associated
with a transient deterioration in renal function [112]. The
dose should be adjusted according to the renal function, but
in patients who are already receiving diuretics, the intrave-
nous dose should be at least equivalent to the regular oral
dose [113]. Patients not taking regular diuretics and with
normal renal function are usually initiated on furosemide
(frusemide) 20-40 mg intravenous bolus. Those with renal
impairment may require a higher dose [113,142].

In patients who have a suboptimal response to furosemide
(frusemide) boluses, intravenous vasodilators may be added
in the absence of hypotension. In the setting of furosemide
(frusemide) resistance, sequential nephron blockade can be
achieved by adding a thiazide or MRA (e.g., spironolactone),
but renal function, potassium, magnesium, and fluid status
must be monitored carefully [141,142]. A recent study dem-
onstrated no additional efficacy using high-dose MRA in
acute heart failure [143].

Benefits and harms: The benefits of diuretic therapy gen-
erally outweigh the harms (e.g., electrolyte abnormalities and
acute renal impairment) in patients presenting with acute
heart failure.

Resources and other considerations: There should be the
ability to closely monitor clinical status (including heart
rhythm, blood pressure, and oxygen saturation), electrolytes,
renal function, and urine output.

Practice advice

1. Intravenous loop diuretics such as furosemide (fruse-
mide) are first-line therapy in acute heart failure with
congestion.

2. The intravenous dose should be at least equal to the oral
dose taken at home.

3. In those who are not on diuretics previously, initial
therapy is 2040 mg furosemide
(frusemide).

4. In patients with renal impairment, the dose may need to
be increased.

5. In patients with no response to intravenous loop diuretic,
intravenous vasodilators, oral thiazides or MRA such as
spironolactone may be added, provided the patient is not
hypotensive.

6. Heart rhythm, blood pressure, oxygen saturation, renal
function, potassium, magnesium, and fluid status should

intravenous

be monitored.

6.6. Vasodilator Therapy in Acute Heart
Failure

Recommendation: Intravenous vasodilators may be consid-
ered in patients with acute heart failure if the systolic blood
pressure is more than 90 mm Hg to relieve symptoms of
congestion.

(Weak recommendation FOR; low quality of evidence.)

Rationale: Intravenous vasodilators may be useful in
patients with acute heart failure and pulmonary congestion
who are not hypotensive (i.e. systolic blood pressure
>90 mm Hg). They optimise preload by venodilatation,
reduce afterload via a reduction in arterial tone and may
also increase stroke volume. Blood pressure should be moni-
tored frequently, and vasodilators are usually not recom-
mended in patients with severe valvular stenosis [115].

Intravenous nitrates are predominantly venodilators with
some epicardial coronary arterial dilatation, and higher
doses cause systemic arterial dilatation [117]. They may be
useful in acute heart failure secondary to myocardial ischae-
mia. Nitrates reduce pulmonary congestion, which may be
useful in orthopnoea, and they do not increase myocardial
oxygen consumption or impede tissue perfusion [115,117]. A
small RCT showed high-dose intravenous nitrates (combined
with low-dose furosemide [frusemide]) to be more effective
than high-dose intravenous furosemide (frusemide) (com-
bined with low-dose nitrates) in controlling severe pulmo-
nary oedema [114]. Their ongoing administration may be
limited by hypotension, headache and tolerance with use
beyond 2448 hours [115,117].

Sodium nitroprusside is usually reserved for patients with
severe heart failure and hypertension because it may lower
blood pressure dramatically and arterial monitoring is usu-
ally recommended [144]. Prolonged administration may lead
to toxicity and is not recommended in patients with renal
or hepatic failure. Patients should be weaned off sodium
nitroprusside slowly to avoid rebound hypertension [144].
Recent studies with vasodilator agents (ularitide and sere-
laxin) failed to demonstrate a long-term benefit in ADHF
[145,146].

Benefits and harms: Intravenous vasodilators improve
symptoms and can assist in controlling blood pressure in
hypertensive patients, and intravenous nitrates decrease
myocardial ischaemia; however, these benefits are tempered
by the potential harm of excessive falls in blood pressure.

Resources and other considerations: Frequent blood pres-
sure monitoring is required for intravenous vasodilator ther-
apy to guide titration.

Practice advice

1. Intravenous vasodilators may be used if the systolic
blood pressure is more than 90 mm Hg.

2. Heart rhythm, blood pressure and oxygen saturation
should be monitored frequently during intravenous
vasodilator therapy.

3. Intravenous nitrate therapy is generally preferred; how-
ever, beyond 2448 hours it may result in tolerance.
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4. Intravenous nitrates are uptitrated according to symp-
tom response, while monitoring blood pressure to avoid
hypotension.

5. Sodium nitroprusside may lower blood pressure
markedly, and arterial blood pressure monitoring is rec-
ommended. Prolonged sodium nitroprusside infusion
may result in toxicity and should be avoided in renal
or hepatic failure.

6.7. Inotropic Therapy in Acute Heart
Failure

Recommendation: Intravenous inotropic therapy may be
considered in patients with acute heart failure associated
with symptoms or signs of peripheral hypoperfusion (usu-
ally accompanied by a systolic BP <90 mm Hg) and con-
gestion refractory to other treatment, to improve symptoms
and end-organ function.

(Weak recommendation FOR; very low quality of evidence.)

Recommendation: Intravenous inotropic therapy should
be avoided in patients without symptoms or signs of
peripheral hypoperfusion and congestion refractory to
other treatment.

(Strong recommendation AGAINST; low quality of
evidence.)

Rationale: Inotropic therapy is indicated in patients with
acute heart failure associated with reduced cardiac output,
poor organ perfusion and often hypotension [147] usually as
short-term treatment [148]. The aim of inotropic therapy is to
improve stroke volume, cardiac output, filling pressures, sys-
temic and pulmonary vascular resistance, and ultimately
symptoms. Inotropic therapy is reserved for patients not
responding to first-line therapy for short-term support to assist
in recovery from acute haemodynamic compromise [149].

Dobutamine is a beta agonist that has positive inotropic
and vasodilatory activity, whereas dopamine has positive
inotropic and vasopressor activity when administered at
medium to high doses [149]. Three- to five-day intravenous
infusions of dobutamine or dopamine have been found to be
safe, aiming to achieve haemodynamic optimisation and
clinical stability in patients with acute heart failure who meet
these criteria [147-150]. Continuous home ambulatory infu-
sions of inotropes may improve quality of life in patients who
cannot be weaned from inotropic support and would other-
wise be unable to be discharged from hospital, as a bridging
strategy to transplantation or as palliation [151].

Two other inotropic agents with vasodilator activity are
milrinone and levosimendan. Milrinone is a phosphodiester-
ase-3 inhibitor that is infrequently used in acute heart failure
due to possible proarrhythmia [152,153]; however, it is
unclear whether milrinone is any more proarrhythmic than
other inotropic agents. Levosimendan is a calcium-sensitiz-
ing, vasodilatory inotropic agent [154], although there is
debate regarding how much of its effect relates to phospho-
diesterase-3 inhibition [155]. Levosimendan does not antag-
onise the effects of beta blockers [156], which may improve
symptoms and haemodynamics in patients with acutely

decompensated CHF [157]; however, levosimendan did
not improve survival compared to dobutamine in acute heart
failure at 180 days [158]. Although milrinone and levosimen-
dan may be considered in patients on beta blockers who
require inotropic therapy, given that the beta blockade is
reversible, an alternative approach is to use higher doses
of dobutamine.

Inotropic stimulation may cause sinus tachycardia, poten-
tially increase myocardial oxygen consumption in patients
with myocardial ischaemia and possibly promote arrhyth-
mia [159,160]. Concerns remain about the safety of inotropic
therapy, and the agents should be commenced at low doses
and patients should be monitored in a coronary or intensive
care unit.

Vasopressor inotropic agents such as noradrenaline (nor-
epinephrine), high-dose dopamine or adrenaline (epineph-
rine) are indicated in patients with marked hypotension, to
increase blood pressure and improve perfusion to vital
organs when there is an inadequate response to inotropic
therapy with or without intravenous fluids [120]. Adrenaline
(epinephrine) is also included in resuscitation algorithms.
Vasopressors should be used with caution and for short-term
support only, because they increase afterload and may fur-
ther decrease perfusion [120].

Benefits and harms: The short-term improvements in hae-
modynamics and symptoms need to be balanced by the
potential harm caused by proarrhythmia and increased myo-
cardial oxygen consumption.

Resources and other considerations: Patients receiving
inotropic therapy should have continuous cardiac and hae-
modynamic monitoring facilities available.

Practice advice

1. Intravenous inotropes may be considered in patients
with acute heart failure and peripheral hypoperfusion
(usually accompanied by a systolic BP <90 mm Hg) not
responsive to other treatments.

2. Heart rhythm, blood pressure and oxygen saturation
should be monitored frequently during intravenous ino-
tropic therapy.

6.8. Ultrafiltration and Haemodialysis in
Acute Heart Failure

Rationale: Patients with acute heart failure and congestion
may theoretically benefit from a non-pharmacological
approach to remove excess fluid. This may be done via
ultrafiltration, which involves removal of plasma water
across a semipermeable membrane as a result of a transmem-
brane pressure gradient [161]. In one study, when there was a
rise in serum creatinine to greater than 190 umol/L, there
was a reduced response to diuretics (diuretic resistance) and
an increased risk of mortality in patients with heart failure
[162]. Increasing the dose of diuretics or adding an additional
diuretic may worsen renal function and potentially reduce
plasma potassium, magnesium, and sodium levels.
Responses to ultrafiltration vary, but in some circumstan-
ces, it has been shown to increase renal blood flow and
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therefore improve renal function leading to an improved
response to diuretics. Ultrafiltration may also increase urine
output, reduce symptoms of congestion, reduce LV and RV
filling pressures, reduce sympathetic tone and reduce lung
stiffness [163].

Ultrafiltration has been shown to reduce neurohormone
levels and improve diuretic response [164-166]. Compared to
diuretics in a study of 200 patients with acute heart failure,
ultrafiltration reduced weight at 48 hours and had similar
effects on dyspnoea score, with a reduction in rehospitalisa-
tion at 90 days [167]. In patients with acute heart failure,
persistent congestion and cardiorenal syndrome, a random-
ised trial did not show a significant benefit of ultrafiltration
compared to diuretics, with increased adverse events [168].

Renal function may deteriorate in patients with acute heart
failure despite therapy. Indications for haemodialysis
include acidosis, hyponatraemia, hyperkalaemia, uraemia,
and overt uncontrolled fluid retention. These patients may
be treated with haemodialysis or filtration or peritoneal dial-
ysis. The modality depends on the individual patient char-
acteristics and available facilities [169].

Benefits and harms: While ultrafiltration may reduce
diuretic requirements, this should be balanced with the
uncertain longer-term efficacy and adverse events including
bleeding and catheter-related complications.

Resources and other considerations: Significant capital
expenditure is required for the device, accompanied by
the costs of consumables. Ultrafiltration requires veno-
venous access, experienced staff, nursing support and renal
physician input. Staff require training and experience in
using the ultrafiltration equipment. Patients require close
monitoring while undergoing ultrafiltration.

Practice advice

1. While ultrafiltration may be considered in patients with
acute heart failure and congestion not responding to
diuretics and other maximal therapy, it remains unclear
how to best select these patients.

2. Ultrafiltration does not improve survival, length of hos-
pital admission or rehospitalisation rates compared to
diuretics.

3. Ultrafiltration is labour intensive and requires staff train-
ing and expert support.

6.9. Mechanical Cardiac Support Devices
in Acute Heart Failure

Rationale: In patients with severely symptomatic (NYHA
Class 1V) heart failure requiring inotropic therapy [170],
mechanical cardiac support (MCS) may be considered to
reduce LV preload and afterload, and to maintain end-organ
perfusion until improvement in cardiac and other organs
occurs [108,171-174].

Short-term, extracorporeal MCS such as intra-aortic bal-
loon counter-pulsation (IABP), extracorporeal life support
(ECLS) or extracorporeal membrane oxygenation (ECMO)
may be employed, and definitive devices (e.g., LV assist
devices [LVAD]) may be implanted later, if clinically

indicated [175,176] (see Section 9.5). The Survival After
Veno-arterial ECMO (SAVE) score may help in assessment
of prognosis in patients with cardiogenic shock [177].

The use of MCS in cardiogenic shock is controversial
[108,171-174]. Cardiogenic shock is defined as hypotension
with systolic BP of less than 90 mm Hg despite adequate
filling status and with signs of hypoperfusion due to reduced
cardiac output [108]. In patients who developed cardiogenic
shock complicating MI, the use of IABP did not improve
outcomes [171,172]. A meta-analysis comparing MCS and
IABP in cardiogenic shock showed MCS to be safe and
improve haemodynamics, but increased bleeding complica-
tions with no difference in 30-day mortality [178]. However,
more recent Registry studies suggest that survival after car-
diogenic shock complicating acute MI may be improved with
early deployment of newer MCS devices. Pre-percutaneous
coronary intervention (PCI) use of the percutaneous Impella
2.5 device was reported to improve survival in both men and
women in post-acute MI cardiogenic shock compared with
pre-PCI use of inotropes /IABP or post-PCI use of the Impella
[179,180].

Benefits and harms: MCS can improve outcomes in
patients who are critically ill and who may otherwise not
survive acute heart failure. The devices are associated with
increased risk of bleeding, infection, vascular complications,
and embolisation.

Resources and other considerations: MCS devices are
expensive and require expert centres for their implantation
and monitoring. Many patients may require transfer to
a specialist referral centre for consideration of device im-
plantation. Short-term mechanical support should only be
considered if a plan is made for bridge to recovery, trans-
plantation or candidacy for transplantation (see Section 9.5).

Practice advice

1. Cardiogenic shock should be treated with pressor agents
and/or mechanical support if clinically indicated.

2. IABP does not improve outcomes in patients with car-
diogenic shock associated with acute MI.

3. Extracorporeal MCS may allow cardiac and end-organ
recovery or assist the patient until definitive treatment.

4. Short-term mechanical support should only be consid-
ered if a plan is made for definitive treatment.

7. Pharmacological Management
of Chronic Heart Failure

7.1. Heart Failure With Reduced Left
Ventricular Ejection Fraction

Several treatments have been shown to improve outcomes in
patients with HFrEF (refer to Appendix 3 for a summary of
trials). Most of the drugs that have been shown to improve
survival and reduce hospitalisation in HFrEF modulate
neurohormonal systems that correlate with disease pro-
gression. These include agents that modulate the renin—
angiotensin-aldosterone system, sympathetic nervous
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system and natriuretic peptides [181-197]. According to the
clinical trial evidence, the combination of an ACE inhibitor,
beta blocker, and MRA would decrease mortality over 1-3
years by 50-60% [198]. An ARNI has been shown to further
decrease mortality compared to an ACE inhibitor in patients
with persistent HFrEF despite current best practice (includ-
ing a beta blocker and ACE inhibitor or ARB with or without
an MRA) [193].

Clinicians should aim for the target doses used in the RCT
that showed the benefits of these drugs. However, this should
not be to the exclusion of starting other drugs that have been
shown to decrease mortality in patients with HFrEF.

An elevated sinus rate also appears to be a modifiable risk
factor in HFrEF. The addition of ivabradine results in a
decrease in heart rate, and a decrease in the combined end-
point of cardiovascular death and heart failure hospitalisa-
tion in patients with HFrEF associated with an elevated sinus
rate despite current best practice (including a maximally
tolerated dose of a beta blocker and ACE inhibitor or
ARB) [199,200].

Most of the RCTs showing the benefits of these treatments
were conducted in patients with heart failure associated with
an LVEF of less than 35-40%; however, post hoc analyses of
patients with heart failure associated with a mild reduction in
LVEF enrolled in RCTs have reported similar benefits with
ARBs, beta blockers and MRAs [26-28].

Clinicians should consider models of care that optimise
medication prescription and titration, such as pharmacist- or
nurse-led titration and the use of medication titration plans
[201,202]. Most patients with HFrEF will also require either
intermittent or long-term diuretic therapy for symptom relief
and to manage congestion. Figure 3 briefly summaries the
approach to management in patients with HFrEF. However,
the reader should refer to the text for further detail.

7.1.1. Medications Recommended in All Patients with
Heart Failure with Reduced Left Ventricular Ejection
Fraction
7.1.1.1. Angiotensin Converting Enzyme Inhibitors.
Recommendation: An ACE inhibitor is recommended in all
patients with HFrEF associated with a moderate or severe
reduction in LVEF (LVEF less than or equal to 40%) unless
contraindicated or not tolerated to decrease mortality and
decrease hospitalisation.
(Strong recommendation FOR; high quality of evidence.)
Recommendation: An ACE inhibitor may be considered
in patients with HFrEF associated with a mild reduction in
LVEF (LVEF 41-49%) unless contraindicated or not toler-
ated to decrease mortality and decrease hospitalisation.
(Weak recommendation FOR; low quality of evidence.)
Recommendation: Concomitant use of ACE inhibitors
and ARNIs are contraindicated and these medications
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should not be administered within 36 hours of each other,
because of an increased risk of angioedema.

(Strong recommendation AGAINST; very low quality of
evidence.)

Rationale: Enalapril has been shown in RCTs to decrease
mortality in patients with chronic heart failure associated with
either severe symptoms (NYHA Class IV) and increased heart
size determined radiologically, or mild or moderate symptoms
(NYHA ClassII, III) and an LVEF of less than or equal to 35% on
top of background therapy, which included prescription rates
of more than 80% for diuretics [181,184-186]. Enalapril has also
been demonstrated to decrease hospitalisation [185]. Similar
benefits have been demonstrated with other ACE inhibitors in
patients with LV systolic dysfunction and/or heart failure
following acute MI [51,184,203-205], so this is considered a
class effect. This combined with a post hoc analysis from the
Candesartan in Heart failure: Assessment of Reduction in
Mortality and morbidity (CHARM) program reporting that
angiotensin receptor blockers appear to be beneficial in
patients with heart failure associated with an LVEF of 40—
49% [26] suggests that ACE inhibitors are also likely to be
beneficial in patients with symptoms and signs of heart failure
associated with a mild reduction in LVEF.

An RCT comparing high-dose lisinopril with low-dose
lisinopril in patients with HFrEF did not show a significant
difference in mortality (the primary endpoint); however, the
heart failure hospitalisation rate was lower in patients ran-
domised to receive high-dose lisinopril [206].

Benefits and harms: The benefits far outweigh the potential
harms of ACE inhibitors in most patients with HFrEF. ACE
inhibitors can lower blood pressure, and increase serum
creatinine and potassium, and are associated with an
increased incidence of cough; however, they are generally
well tolerated. They can rarely lead to angioedema, and the
risk of this is increased in patients receiving neprilysin inhib-
itors [207]. Their benefits appear consistent across various
subgroups including men, women, and patients with diabe-
tes mellitus [208].

Practice advice

1. ACE inhibitors are usually started at low doses and
uptitrated by doubling the dose every two weeks, aiming
for target doses or maximum tolerated doses. Faster
uptitration may occur with close monitoring (e.g., in
an inpatient setting).

2. Patients should be reviewed following initiation and
each dose escalation with monitoring of blood pressure
and blood biochemistry (renal function, potassium) at 1-
2 weeks and 6-monthly long term.

3. Uptitration of ACE inhibitors should not be to the detri-
ment of starting other drugs that have been shown to
decrease mortality in patients with HFrEF. A common
example of this is in patients who are clinically euvolae-
mic, where beta blockers may be commenced before
achieving target doses of ACE inhibitors.

4. Small rises in serum creatinine and asymptomatic
falls in blood pressure are common following the

commencement of ACE inhibitors. If the patient develops
symptomatic hypotension, the estimated glomerular fil-
tration rate (eGFR) decreases by more than 30%, or the
serum potassium rises above 5.5 mmol/L, the volume
status should be assessed and the need for other drugs
not shown to improve outcomes in heart failure that
lower blood pressure or impact on renal function and
potassium (e.g., calcium channel blockers, nitrates, non-
steroidal anti-inflammatory drugs [NSAIDs], diuretics
and potassium supplements) should be reviewed. If
these measures are not successful, the ACE inhibitor
may need to be decreased (or ceased) and specialist
advice sought.

5. If the patient develops angioedema, this should be man-
aged, the ACE inhibitor ceased, and specialist advice
sought.

6. If the patient develops a cough, one should consider
whether this is due to pulmonary congestion or lung
disease. If it is felt likely that the cough is related to
the ACE inhibitor (usually this will be a dry, nonproduc-
tive cough) and is interfering with the patient’s quality of
life, the ACE inhibitor may be changed to an ARB.

7.1.1.2. Beta Blockers.
Recommendation: A beta blocker” is recommended in all
patients with HFrEF associated with a moderate or severe
reduction in LVEF (LVEF less than or equal to 40%) unless
contraindicated or not tolerated, and once stabilised with
no or minimal clinical congestion on physical examination,
to decrease mortality and decrease hospitalisation.
“Specifically, bisoprolol, carvedilol, metoprolol (controlled
release or extended release), or nebivolol
(Strong recommendation FOR; high quality of evidence.)
Recommendation: A beta blocker” may be considered in
patients with HFrEF associated with a mild reduction in
LVEF (LVEF 41-49%) unless contraindicated or not toler-
ated, and once stabilised with no or minimal clinical con-
gestion on physical examination to decrease mortality and
decrease hospitalisation.
Specifically, bisoprolol, carvedilol, metoprolol (controlled
release or extended release), or nebivolol
(Weak recommendation FOR; low quality of evidence.)
Rationale: Bisoprolol, carvedilol, and metoprolol (con-
trolled release or extended release) have been shown in RCTs
to decrease mortality and decrease hospitalisation in patients
with chronic heart failure associated with mild, moderate, or
severe symptoms (NYHA Class II, III, IV) and an LVEF of less
than or equal to 35-40%, on top of background therapy,
which included prescription rates of more than 80% for
diuretics and ACE inhibitors (or ARBs) [182,183,187,189—~
191]. Nebivolol has been shown to decrease the combined
endpoint of mortality and cardiovascular hospitalisation in
an RCT enrolling patients aged 70 years or more with heart
failure associated with a broad range of LVEFs (although
most had reduced LVEF) [209]. Most patients enrolled in
these studies were clinically stable with no overt clinical
congestion. Given that the reported benefits have not been
consistently observed with all beta blockers evaluated
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[210,211], clinicians should use the beta blockers demon-
strated to improve clinical outcomes in the large-scale RCTs.
An individual patient data meta-analysis of 11 RCTs
reported similar benefits in patients with heart failure asso-
ciated with an LVEF of 41-49% to that observed in patients
with an LVEF of less than or equal to 40% [27].

An RCT showed carvedilol dose-related improvements in
survival in patients with HFrEF, but the number of events
was small [212].

Benefits and harms: The benefits far outweigh the potential
harms of beta blockers in most patients with HFrEF. Beta
blockers may precipitate bronchospasm or heart failure, and
decrease heart rate and blood pressure; however, they are
generally well tolerated. Their benefits appear consistent
across various subgroups including men, women, and patients
with diabetes mellitus [208]. However, patients who were in
AF at the time they were enrolled in the major RCTs were not
shown to benefit [213,214]. Nonetheless, these patients gener-
ally require agents to control their ventricular rate, and beta
blockers would be preferred provided the patient is haemo-
dynamically stable and clinically euvolaemic.

Practice advice

1. Use the beta blockers shown to improve clinical out-
comes in the large-scale RCTs—bisoprolol, carvedilol,
metoprolol (controlled release or extended release),
and nebivolol.

2. Ensure that the patient is clinically stable and euvolaemic
before commencing beta blockers.

3. Beta blockers are usually commenced following the intro-
duction of ACE inhibitors (or ARBs); however, if the
patient is euvolaemic, they may be commenced before
starting ACE inhibitors (or ARBs) [215].

4. Beta blockers are usually started at low doses and grad-
ually uptitrated by doubling the dose every 2—4 weeks,
aiming for target doses or maximum tolerated doses.

5. Patients should be reviewed following initiation and
each dose escalation with monitoring of heart rate, blood
pressure, and clinical evaluation of volume status at 1-2
weeks and 6-monthly long term.

6. Uptitration of beta blockers should not be to the detri-
ment of starting other drugs that have been shown to
decrease mortality in patients with HFrEF.

7. If the patient develops symptomatic bradycardia
(<50 bpm), arrange an ECG to document the rhythm
and review the need for other drugs not shown to
improve outcomes in heart failure that lower heart rate
(e.g., digoxin and amiodarone). If these measures are not
successful, the beta blocker dose may need to be
decreased and specialist advice sought.

8. If the patient develops symptomatic hypotension, assess
volume status and review the need for other drugs not
shown to improve outcomes in heart failure that lower
blood pressure (e.g., calcium channel blockers, nitrates,
and diuretics). If these measures are not successful, the
beta blocker dose may need to be decreased and special-
ist advice sought.

9. If the patient develops increasing congestion, this can usu-
ally be managed by increasing the diuretic dose, but occa-
sionally may require a reduction in the beta blocker dose.
Temporary withdrawal may occasionally be required,
especially if the beta blocker was recently commenced.

7.1.1.3. Mineralocorticoid Receptor Antagonists.
Recommendation: An MRA is recommended in all patients
with HFrEF associated with a moderate or severe reduction
in LVEF (LVEF less than or equal to 40%) unless contra-
indicated or not tolerated, to decrease mortality and
decrease hospitalisation for heart failure.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: An MRA may be considered in
patients with HFrEF associated with a mild reduction in
LVEF (LVEF 41-49%) unless contraindicated or not toler-
ated, to decrease mortality and decrease hospitalisation for
heart failure.

(Weak recommendation FOR; low quality of evidence.)

Rationale: Low-dose spironolactone (up to 25-50 mg daily)
has been shown in an RCT to decrease mortality and hospi-
talisations for heart failure in patients with chronic heart
failure associated with moderate to severe symptoms
(NYHA Class 1III, IV) and an LVEF of less than or equal to
35% on top of background therapy, which included prescrip-
tion rates of more than 80% for diuretics and ACE inhibitors
[188]. Low-dose eplerenone (up to 25-50 mg daily) has been
shown in an RCT to decrease mortality and decrease hospi-
talisation in patients with chronic heart failure associated
with mild symptoms (NYHA Class II) and an LVEF of less
than or equal to 35% on top of background therapy, which
included prescription rates of more than 80% for diuretics,
ACE inhibitors (or ARBs) and beta blockers [192]. Similar
incremental benefits were seen, whether or not patients were
taking beta blockers. A post hoc analysis from the Treatment
of Preserved Cardiac Function Heart Failure with an Aldo-
sterone Antagonist (TOPCAT) study suggests that patients
with heart failure associated with an LVEF of 45-49% also
benefit from spironolactone [28].

Benefits and harms: The benefits outweigh the potential
harms of MRAs in most patients with HFrEF, provided there
is close monitoring of blood biochemistry (renal function and
potassium), given that MRAs can lead to serious hyperka-
laemia and renal impairment [216]. Their benefits appear
consistent across various subgroups including men, women,
and patients with diabetes mellitus [188,192].

Practice advice

1. MRAs should be avoided or used cautiously in patients
with stage 4 or 5 chronic kidney disease (CKD) or serum
potassium above 5 mmol/L.

2. Patients should be instructed to avoid foods high in
potassium and potassium supplements (unless potas-
sium levels are low).

3. Low doses are prescribed, starting with 25 mg daily for
spironolactone or eplerenone and uptitrating in 4-8
weeks, aiming for target doses of 50 mg daily spirono-
lactone or eplerenone.



1158

J.J. Atherton et al.

4. Patients should be reviewed following initiation and
each dose escalation with monitoring of blood pressure
and blood biochemistry (renal function, potassium) at 1-
2 weeks, then every 4 weeks for 12 weeks, at 6 months
and then 6-monthly.

5. If the eGFR decreases by more than 30% or the serum
potassium rises above 5.5 mmol/L, assess volume status
and review the need for other drugs not shown to
improve outcomes in heart failure that affect renal func-
tion and potassium (e.g., NSAIDs and potassium supple-
ments). If these measures are not successful, the MRAs
should be reduced. If the serum potassium rises above
6.0 mmol/L, the MRA should be ceased and specialist
advice sought.

6. Patients who develop gynaecomastia on spironolactone
may be switched to eplerenone.

7.1.2. Medications Recommended in Selected Patients
with Heart Failure with Reduced Left Ventricular
Ejection Fraction

7.1.2.1. Diuretics.

Recommendation: A diuretic should be considered in
patients with heart failure and clinical symptoms, or signs
of congestion, toimprove symptoms and manage congestion.
(Strong recommendation FOR; very low quality of evidence.)
Rationale: A meta-analysis of small RCTs comparing diu-
retics with placebo reported decreases in mortality and
decreases in worsening heart failure in patients with chronic
heart failure. The studies were all small and involved mixed
populations, different interventions, short follow-up and few
events (15 deaths in total in the placebo-controlled trials)
[217]. Although the comparative evidence for diuretics is
limited, it should nonetheless be noted that diuretics were
prescribed as background therapy in more than 80% of
patients enrolled in all the large RCTs that have reported
improved survival with other pharmacological treatments.
Benefits and harms: Diuretics may have an adverse effect
on electrolyte balance and renal function. Diuretic dose
requires regular review to ensure adequate management
of congestion and avoidance of over-diuresis. It is important
optimise initiation and titration of treatments that have been
shown to decrease mortality and hospitalisation (including
ACE inhibitors, ARBs, beta blockers, MRAs and ARNIs).
Practice advice

1. Diuretics should be started at low dose and treatment
adjusted according to clinical response.

2. Loop diuretics are generally favoured initially because
they increase free water clearance and have a rapid onset
of action. Start with oral furosemide (frusemide) 20—
40 mg daily or bumetanide (0.5-1.0 mg daily). If more
than 80 mg daily furosemide (or >2 mg daily bumeta-
nide) is required, consider splitting doses (usually given
as morning and midday doses).

3. Clinicians should regularly assess volume status and
biochemistry (renal function, sodium and potassium)
to adjust diuretic dose at 1-2 weeks and 6-monthly long
term. Once a euvolaemic state has been achieved, aim to

decrease the dose unless this has previously resulted in
exacerbation of heart failure.

4. Patients may also be educated to adjust the dose of
diuretic (e.g., increase furosemide (frusemide) dose by
40 mg daily if weight increases over 2 kg).

5. Thiazide or thiazide-like diuretics may be added in
patients with persistent congestion despite loop diu-
retics; however, these patients require closer monitoring
of electrolytes and renal function.

7.1.2.2. Angiotensin Receptor Blockers.
Recommendation: An ARB is recommended in patients
with HFrEF associated with a moderate or severe reduction
in LVEF (LVEF less than or equal to 40%) if an ACE
inhibitor is contraindicated or not tolerated, to decrease
the combined endpoint of cardiovascular mortality and
hospitalisation for heart failure.

(Strong recommendation FOR; moderate quality of
evidence.)

Recommendation: An ARB may be considered in patients
with HFrEF associated with a mild reduction in LVEF (LVEF
41-49%) if an ACE inhibitor is contraindicated or not toler-
ated, to decrease the combined endpoint of cardiovascular
mortality and hospitalisation for heart failure.

(Weak recommendation FOR; low quality of evidence.)

Rationale: Candesartan and valsartan have been demon-
strated in RCT's to improve combined mortality and morbidity
endpoints in patients with chronic heart failure (mostly NYHA
ClassITand IIT) and an LVEF of less than or equal to 40% on top
of background therapy, which included prescription rates of
more than 80% for diuretics [194-196]. Benefits have been
reported in patients who were intolerant of ACE inhibitors
and when these medications were given on top of background
ACE inhibitor therapy. There have been conflicting data from
subgroup analyses regarding the benefit of adding an ARB on
top of an ACE inhibitor and beta blocker [195,196]. A post hoc
analysis from the Candesartan in Heart failure: Assessment of
Reduction in Mortality and morbidity (CHARM) program
reported that candesartan improved outcomes in patients with
chronic heart failure toa similar degree if the LVEF was 40-49%
to that seen if the LVEF was less than 40% [26].

An RCT comparing high-dose losartan with a lower dose
of losartan in patients with HFrEF demonstrated a lower rate
of the combined endpoint of death or heart failure hospital-
isation (the primary endpoint); however, there was no sig-
nificant difference in mortality [218].

Benefits and harms: The benefits outweigh the potential
harms of ARBs in selected patients with HFrEF. The triple
combination of an ACE inhibitor, ARB, and MRA is associ-
ated with a higher rate of hyperkalaemia and renal
impairment [195]. Given that ACE inhibitors and MRAs have
been shown to decrease mortality [181,185,188,192], ARBs are
reserved for patients who do not tolerate either of these
agents.

Practice advice

1. ARBs are usually reserved for patients with HFrEF who
do not tolerate an ACE inhibitor. In occasional
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circumstances, an ARB may be used in patients with
HFrEF who do not tolerate an MRA, however usually
the same side effects will apply. The triple combination of
an ACE inhibitor, ARB and MRA should be avoided.

2. ARBs are usually started at low doses and uptitrated by
doubling the dose every 2 weeks, aiming for target doses
or maximum tolerated doses. Faster uptitration may
occur with close monitoring (e.g., inpatient setting).

3. Patients should be reviewed following initiation and
each dose escalation with monitoring of blood pressure
and blood biochemistry (renal function, potassium) at 1-
2 weeks and 6-monthly long term.

4. Uptitration of ARBs should not be to the detriment of
starting other drugs that have been shown to decrease
mortality in patients with HFrEF. A common example of
this is in patients who are clinically euvolaemic, where
beta blockers may be commenced before achieving target
doses of ARBs.

5. Small rises in serum creatinine and asymptomatic falls in
blood pressure are common following the commence-
ment of ARBs. If the patient develops symptomatic hypo-
tension, the eGFR decreases by more than 30% or the
serum potassium rises above 5.5 mmol/L, assess volume
status and review the need for other drugs not shown to
improve outcomes in heart failure that lower blood pres-
sure or impact on renal function and potassium (e.g.,
calcium channel blockers, nitrates, NSAIDs, diuretics
and potassium supplements). If these measures are not
successful, the ARB may need to be decreased (or ceased)
and specialist advice sought.

7.1.2.3. Angiotensin Receptor Neprilysin Inhibitor.
Recommendation: An ARNI is recommended as a replace-
ment for an ACE inhibitor (with at least a 36-hour washout
window) or an ARB in patients with HFrEF associated with
an LVEF of less than or equal to 40% despite receiving
maximally tolerated or target doses of an ACE inhibitor (or
ARB) and a beta blocker (unless contraindicated), with or
without an MRA, to decrease mortality and decrease hos-
pitalisation.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: Concomitant use of ACE inhibitors
and ARNIs are contraindicated and these medications
should not be administered within 36 hours of each other,
because of an increased risk of angioedema.

(Strong recommendation AGAINST; very low quality of
evidence.)

Rationale: Sacubitril-valsartan has been demonstrated in an
RCT to decrease the combined endpoint of cardiovascular
death and heart failure hospitalisation associated with signifi-
cant decreases in mortality and hospitalisation compared with
the ACE inhibitor enalapril in patients with chronic heart
failure (mostly NYHA Class II and III) and an LVEF of less
than or equal to 40% (despite previously receiving a beta
blocker and an ACE inhibitor or ARB) on top of background
therapy, which included prescription rates over 80% for diu-
retics and beta blockers [193]. Similar benefits were reported,
whether or not patients were receiving an MRA [193].

Benefits and harms: The benefits outweigh the potential
harms of ARNIs in selected patients with HFrEF. Sacubitril-
valsartan can lower blood pressure and increase serum cre-
atinine and potassium; however, it is generally well toler-
ated. Sacubitril-valsartan can rarely cause angioedema, and
has resulted in more hypotension than enalapril [193]. An
increased risk of angioedema has been reported with the
combination of ACE inhibition and neprilysin inhibition;
therefore, sacubitril-valsartan should not be coprescribed
with ACE inhibitors [207]. The benefits of sacubitril-valsartan
appear consistent across various subgroups including men,
women, and patients with diabetes mellitus [193].

Practice advice

1. Ensure that ACE inhibitors are stopped at least 36 hours
before commencing an angiotensin receptor neprilysin
inhibitor.

2. An angiotensin receptor neprilysin inhibitor is usually
started at low or moderate doses and uptitrated by dou-
bling the dose every 2—4 weeks, aiming for target doses or
maximum tolerated doses.

3. Patients should be reviewed following initiation and
each dose escalation with monitoring of blood pressure
and blood biochemistry (renal function and potassium)
at 1-2 weeks and 6-monthly long term.

4. Uptitration of ARNIs should not be to the detriment of
starting other drugs (beta blockers and MRAs) that have
been shown to decrease mortality in patients with HFrEF.

5. Small rises in serum creatinine and asymptomatic falls in
blood pressure are common following the commence-
ment of ARNIs. If the patient develops symptomatic
hypotension, the eGFR decreases by more than 30% or
the serum potassium rises above 5.5 mmol/L, assess
volume status and review the need for other drugs not
shown to improve outcomes in heart failure that lower
blood pressure or affect renal function and potassium (e.
g., calcium channel blockers, nitrates, NSAIDs, diuretics,
and potassium supplements). If these measures are not
successful, the ARNI may need to be decreased (or
ceased) and specialist advice sought.

6. If the patient develops angioedema, this should be man-
aged, the ARNI should be ceased, and specialist advice
sought.

7.1.2.4. Ivabradine.
Recommendation: Ivabradine should be considered in
patients with HFrEF associated with an LVEF of less than
or equal to 35% and with a sinus rate of 70 bpm and above,
despite receiving maximally tolerated or target doses of an
ACE inhibitor (or ARB) and a beta blocker (unless contra-
indicated), with or without an MRA, to decrease the com-
bined endpoint of cardiovascular mortality and
hospitalisation for heart failure.
(Strong recommendation FOR; high quality of evidence.)
Rationale: Ivabradine has been shown in an RCT to
decrease the combined endpoint of cardiovascular mortality
and hospitalisation for heart failure in patients with chronic
heart failure (mostly NYHA Class II and III), an LVEF of less
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than or equal to 35%, and a sinus rate of 70 bpm or above on
top of background therapy, which included prescription
rates over 80% for diuretics, ACE inhibitors (or ARBs),
and beta blockers [200]. Similar benefits were reported,
whether or not patients were receiving an MRA [219].
Benefits and harms: The benefits outweigh the potential
harms of ivabradine in selected patients with HFrEF. Ivabra-
dine lowers heart rate and can result in visual changes (phos-
phenes); however, it is generally well tolerated. The benefits
appear consistent across various subgroups including men,
women, and patients with diabetes mellitus. Greater benefit
was observed in patients with faster sinus rates [200].
Practice advice

1. Ensure patients are on maximally tolerated or target
doses of beta blockers (unless contraindicated).

2. If sinus rate is 70 bpm or above despite maximally toler-
ated or target doses of beta blockers (unless contraindi-
cated), ivabradine should be considered.

3. Ivabradine is usually started at 2.5-5.0 mg twice daily
and uptitrated by doubling the dose every 2—4 weeks,
aiming for a target dose of 7.5 mg twice daily or the
maximum tolerated dose.

4. Patients should be reviewed following initiation and
each dose escalation with monitoring of heart rate at
1-2 weeks and 6-monthly long term. Aim for a sinus rate
between 50 and 60 bpm.

5. Prescribing and uptitration of ivabradine should not be to
the detriment of starting other drugs that have been
shown to decrease mortality in patients with HFrEF.

6. If the patient develops symptomatic bradycardia or
asymptomatic bradycardia below 50 bpm, arrange an
ECG to document the rhythm and review the need for
other drugs not shown to improve outcomes in heart
failure that lower heart rate (e.g., digoxin and amiodar-
one). If these measures are not successful, decrease the
dose of ivabradine. If this persists despite the lowest dose
of ivabradine (2.5 mg twice daily), then cease ivabradine
and seek specialist advice.

7. If the patient develops persistent or permanent AF, cease
ivabradine and review the need for ivabradine if and
when the patient reverts to sinus rhythm

7.1.2.5. Hydralazine Plus Nitrates.
Recommendation: Hydralazine plus nitrates may be consid-
ered in patients with HFrEF if an ACE inhibitor and ARB are
contraindicated or not tolerated, to decrease mortality.
(Weak recommendation FOR; low quality of evidence.)
Recommendation: Hydralazine plus nitrates may be con-
sidered in black patients of African descent with HFrEF
despite receiving maximally tolerated or target doses of an
ACE inhibitor (or ARB) and a beta blocker (unless contra-
indicated), with or without an MRA, to decrease mortality
and hospitalisation for heart failure.
(Weak recommendation FOR; moderate quality of evidence.)
Rationale: Hydralazine plus isosorbide dinitrate has been
shown in RCTs to be associated with a lower mortality com-
pared with placebo (borderline statistical significance) and a

higher mortality compared with the ACE inhibitor enalapril in
men with chronic heart failure and either LV dilatation or an
LVEF of less than 45% on top of background therapy that
included diuretics and digoxin in all patients [220,221].
Hydralazine plus isosorbide dinitrate has been shown in an
RCT to decrease a composite mortality, morbidity, and quality
of life endpoint, and decrease mortality in patients self-identi-
fied as black (defined as of African descent) with chronic heart
failure associated with moderate or severe symptoms (NYHA
Class III, IV) and an LVEEF of less than 35-45% on top of back-
ground therapy, which included prescription rates of more
than 80% for diuretics and ACE inhibitors (or ARBs) [222].

The benefit of adding hydralazine plus nitrates on top of
background optimal therapy (including ACE inhibitors or
ARBs, beta blockers, and MRAs) in the Australian population
is uncertain.

Benefits and harms: The benefits outweigh the potential
harms of hydralazine plus nitrates in selected patients with
HFrEF. Hydralazine plus nitrates lowers blood pressure and is
associated with anincreased incidence of headache. Isosorbide
dinitrate was studied in the major clinical trials; the appropri-
ate dosing and efficacy of isosorbide mononitrate is less clear.

Practice advice

1. Hydralazine plus nitrates may be considered in patients
in whom ACE inhibitors and ARBs are contraindicated or
not tolerated, and in patients with refractory moderate or
severe symptoms despite best practice therapy.

2. Low doses of hydralazine (25 mg three times daily) plus
nitrates (isosorbide dinitrate 20 mg three times daily or
isosorbide mononitrate 60 mg once daily) are usually
started and uptitrated over two to four weeks, aiming
for target doses of hydralazine (50-75 mg three times
daily) plus nitrates (isosorbide dinitrate 60 mg three
times daily or isosorbide mononitrate 120 mg once daily)
or maximum tolerated doses.

3. Patients should be reviewed following initiation and
each dose escalation with monitoring of blood pressure
at 1-2 weeks and 6-monthly long term.

4. Prescribing and uptitration of hydralazine plus nitrates
should not be to the detriment of starting other drugs that
have been shown to decrease mortality in patients with
HFrEF.

5. If the patient develops symptomatic hypotension, assess
volume status and review the need for other drugs not
shown to improve outcomes in heart failure that lower
blood pressure (e.g., calcium channel blockers, diuretics).
If these measures are not successful, the hydralazine and
nitrates may need to be decreased (or ceased) and spe-
cialist advice considered.

7.1.2.6. Digoxin.

Recommendation: Digoxin may be considered in patients
with HFrEF associated with sinus rhythm and moderate to
severe symptoms (NYHA Class 3-4) despite receiving max-
imally tolerated or target doses of an ACE inhibitor (or
ARB), to decrease hospitalisation for heart failure.

(Weak recommendation FOR; low quality of evidence.)
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Rationale: Digoxin has been shown in an RCT to have no
effect on mortality (the primary endpoint), but decreased
hospitalisation in patients with chronic heart failure (mostly
NYHA Class II and III) associated with an LVEF of less than
or equal to 45%, and sinus rhythm on top of background
therapy, which included prescription rates of more than 80%
for diuretics and ACE inhibitors [223]. The clinical effective-
ness of digoxin prescribing on top of beta blockers in patients
with HFrEF is uncertain.

Benefits and harms: The benefits outweigh the potential
harms of digoxin in selected patients with HFrEF. Post hoc
analyses from the Digitalis Investigation Group trial have
demonstrated increased mortality associated with higher
digoxin levels (>1.2 ng/mL) [224,225]. Although some obser-
vational studies have reported increased mortality associated
with digoxin prescribing, a recent systematic review suggests
that this may reflect confounding by indication [226].

Practice advice

1. Clinicians should initially prescribe lower doses of
digoxin (<0.125 mg daily) for this indication, and con-
sider checking digoxin levels after 4 weeks (aiming for
0.5-0.9 ng/mL), especially in patients who have a low
body weight, impaired renal function or require higher
doses.

2. Prescribing of digoxin should not be to the detriment of
starting other drugs that have been shown to decrease
mortality in patients with HFrEF.

3. The dose of digoxin should be reviewed if renal function
deteriorates.

7.1.2.7. Nutraceuticals.
Recommendation: N-3 polyunsaturated fatty acids may be
considered in patients with HFrEF despite receiving maxi-
mally tolerated or target doses of an ACE inhibitor (or ARB)
and a beta blocker (unless contraindicated), with or with-
out an MRA, to decrease mortality and cardiovascular hos-
pitalisation.
(Weak recommendation FOR; low quality of evidence.)

Rationale: A number of RCTs have evaluated various nutra-
ceuticals in patients with heart failure. N-3 polyunsaturated
fatty acids (850-882 mg eicosapentaenoic acid and docosa-
hexaenoic acid as ethyl esters in the average ratio of 1:1.2)
have been shown in an RCT to modestly decrease mortality
and decrease hospitalisations for cardiovascular disease in
patients with chronic heart failure (mostly NYHA Class II
and III) associated with a broad range of LVEFs (although
most had a reduced LVEF) on top of background therapy,
which included prescription rates of more than 80% for
diuretics and ACE inhibitors (or ARBs) [227]. The modest
treatment effect just achieved statistical significance in the
prespecified adjusted analysis, with confidence intervals
including a treatment effect that was not clinically relevant.
It is uncertain whether a similar treatment effect would have
been observed if a higher proportion of patients were on beta
blockers and MRAs.

Studies conducted with nitrate-rich beetroot juice, micro-
nutrient supplementation, co-enzyme Q10, hawthorn extract,

magnesium, thiamine, vitamin C, vitamin E, and vitamin D
have generally been small or underpowered to evaluate
clinical outcomes [228-248]. While there is some evidence
that co-enzyme Q10 may decrease mortality and hospital-
isation, definite conclusions cannot be reached given either
the size or quality of the studies [235,236]. One study
reported that vitamin D supplementation was associated
with a higher need for mechanical circulatory support and
a non-significant trend for more hospitalisations; however,
this should be interpreted with caution, because the study
had inadequate power to detect significant treatment differ-
ences [248].
Practice advice

1. Clinicians should favour other treatments that have
been clearly shown to decrease mortality. However, in
patients with persistent HFrEF despite best-practice
treatment, it is reasonable to add N-3 polyunsaturated
fatty acids.

7.2. Heart Failure With Preserved Left
Ventricular Ejection Fraction

Patients with heart failure associated with a preserved LVEF
(HFpEF: LVEF >50%) are generally elderly with multiple
comorbidities. The main aims of treatment are to improve
symptoms and quality of life and decrease hospitalisation.
None of the major RCTs conducted to date evaluating phar-
macological therapies in patients with HFpEF have achieved
their primary endpoint [249-252]—Perindopril in Elderly
People with Chronic Heart Failure (PEP-CHF), Candesartan
in Heart failure: Assessment of Reduction in Mortality and
morbidity (CHARM)-Preserved (CHARM-Preserved), Irbe-
sartan in Heart Failure with Preserved Ejection Fraction (I-
PRESERVE), TOPCAT study, Japanese Diastolic Heart Fail-
ure Study (J-DHF) and Digitalis Investigation Group-Pre-
served Ejection Fraction (DIG-PEF)—although promising
signals with reduced hospitalisations for heart failure have
been reported for ARBs and MRAs (CHARM-Preserved and
TOPCAT) (refer to Appendix 3 for a summary of trials).
Patient selection for HFpEF trials remains problematic, with
a post hoc analysis of the TOPCAT trial reporting that
patients with lower natriuretic peptide levels were more
likely to benefit from spironolactone [253].
Practice advice

1. Diuretics are usually required to manage congestion,
with careful attention to avoid over-diuresis.

2. Loop diuretics are generally preferred, although thiazide
diuretics are an alternative, especially if the patient is
hypertensive.

3. Comorbidities including hypertension, ischaemic heart
disease, diabetes and AF should be identified and
actively managed.

4. While the evidence for neurohormonal antagonists is less
robust, these agents are often used to manage comorbid-
ities. Low-dose spironolactone may be considered to
decrease hospitalisations for heart failure.



1162

J.J. Atherton et al.

5. In patients with infiltrative cardiomyopathies such as
cardiac amyloidosis, consider referral to specialised
centres with expertise in this area.

8. Non-Pharmacological
Management of Heart Failure

Effective long-term management of heart failure is key to
reducing hospitalisation and improving survival. These
guidelines highlight the complexities of managing a patient
with heart failure, particularly in the setting of multiple
comorbidities and polypharmacy. There are several non-
pharmacological strategies that can improve evidence-based
practice and patient outcomes to optimise a seamless transi-
tion of care across primary, hospital, and community sectors.

8.1. Systems of Care to Reduce
Rehospitalisation

The rising burden of heart failure and increasing pressure on
the health system has resulted in an urgent need to reduce
rehospitalisations for heart failure. Potentially, this may be
achieved through redesigning systems of care. A system of
care is defined as a group of interventions implemented to
improve service delivery.

Rationale: Evidence of systems of care involving disease-
management programs, telemonitoring, role of nurse practi-
tioners, and medication titration clinics are presented below.
The evidence supporting systems of care excluding these
areas is weak. Most studies were retrospective in design
and comprised of comparing a collaborative care model
between a GP/general physician and cardiologist to GP/
general physician only. There was a reduction in mortality
reported in patients in the collaborative care model com-
pared to GP/general physician alone [254,255].

A retrospective study of a dedicated heart failure unit
encompassing an inpatient and community service showed
a significant reduction in mortality and rehospitalisation in
patients seen in the dedicated heart failure unit compared
with no heart failure unit [256,257].

A meta-analysis of heart failure care pathways has shown a
reduction in rehospitalisation and in-hospital mortality com-
pared with no-care pathway [258]. However, the meta-anal-
ysis was based on low-quality studies and should be
interpreted with caution.

Several quality-improvement initiatives have involved
interventions and tools to assist with improving the transla-
tion of evidence into clinical practice (Get With The Guide-
lines—Heart Failure [GWTG-HF], Better Outcomes for Older
Adults through Safe Transitions project [BOOST], State
Action on Avoidable Rehospitalizations Initiative [STAAR]
and Hospital to Home program [H2H]). These observational
studies reported a lower rehospitalisation rate favouring the
intervention [259-263]. However, they warrant further inves-
tigation as RCTs.

Benefits and harms: The benefits of a collaborative care
model between GPs or general physicians with involvement

from cardiologists should be considered. Despite the
strength of evidence being weak, there are numerous benefits
of collaborative care in primary care, provided pathways for
communication are well established such as continuity of
care and shared management plans. The benefits of a dedi-
cated heart failure unit should also be considered due to
improved access to medical specialist input and services.
Practice advice

1. The development of collaborative care using ‘shared
care’ models between the GP, heart failure nurse, and
specialist physician should be encouraged. GPs have a
vital role in the management of patients with heart failure
in the community.

2. Systems of care for heart failure usually include a multi-
disciplinary heart failure specialist team and the patient’s
GP.

8.2. Models of Care to Improve
Evidence-Based Practice

Two main models of care have been implemented into clini-
cal services throughout Australia:

e multidisciplinary heart failure disease management pro-
grams and telemonitoring
® nurse-led titration clinics.

Both of these models of care involve advanced practice
heart failure nurses or heart failure nurse practitioners.

Recommendation: Referral to a multidisciplinary heart
failure disease-management program is recommended in
patients with heart failure associated with high-risk fea-
tures to decrease mortality and rehospitalisation.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: In areas where access to a face-to-face
multidisciplinary heart failure disease management pro-
gram after discharge is limited, patients should be fol-
lowed up with a multidisciplinary telemonitoring or
telephone support program.

(Strong recommendation FOR; moderate quality of
evidence.)

Recommendation: Nurse-led medication titration is rec-
ommended in patients with HFrEF who have not achieved
maximum tolerated doses of ACE inhibitors, ARBs, ARNIs,
beta blockers or MRAs, to decrease hospitalisation.
(Strong recommendation FOR: high quality of evidence.)

8.2.1. Multidisciplinary Heart Failure Disease
Management Programs and Telemonitoring
Rationale: Numerous meta-analyses have shown that multi-
disciplinary heart failure disease management programs
decrease rehospitalisation and mortality [264-266]. The effec-
tiveness of these programs is due to a bundling of interven-
tions [267,268] and a multidisciplinary workforce specialised
in heart failure with meta-analyses comprising RCTs involv-
ing heart failure advanced practice nurses [264-266] and
pharmacists [269].

The evidence supporting multidisciplinary heart failure dis-
ease management programs is well-established [264-266,268].
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Table 11 Practical indicators of increased risk of pre-
mature morbidity and mortality.

Practical indicators of increased risk of premature
morbidity and mortality

Practical indicators of increased risk of premature morbidity
and mortality are the presence of two or more of the
following:

® age >065 years

e NYHA Class III or IV symptoms

e Charlson Index of Comorbidity Score of >2

e an LVEF of <30%

e living alone or remote from specialist cardiac services
e depression

® language barrier (e.g., non-English speaking)

® Jower socioeconomic status

e significant renal dysfunction (glomerular filtration rate
<60 mL/min/1.73 m?).

LVEF: left ventricular ejection fraction, NYHA: New York Heart

Association.

These programs are now recommended as standard care for
patients at high risk of rehospitalisation (Table 11). Multidisci-
plinary heart failure disease management programs comprise
frequent home visits to support the patient during their tran-
sition from discharge from hospital back into the community
with a range of heart failure multidisciplinary specialists
involved in their management. Other models of disease man-
agement programs include telemonitoring and telephone sup-
port. Both telemonitoring and telephone-supported programs
significantly ~decrease mortality and rehospitalisation
[270,271]. A meta-analysis of 43 RCTs reported that telemoni-
toring decreased mortality (involving 3,740 participants from
17 RCTs) and rehospitalisation (involving 2,148 participants
from eight RCTs). Telephone support programs also decreased
mortality (9,222 participants from 22 RCTs) and rehospitalisa-
tion (7,030 participants from 16 RCTs) [270]. Telemonitoring
has also shown greater reductions in rehospitalisation and
mortality compared to telephone-supported programs [271].

8.2.2. Nurse-led Medication Titration Clinics

Rationale: A nurse-led medication titration clinic is also effec-
tive in reducing rehospitalisation and the time to achieve
optimal dose of these medications and improving survival in
patients with HFrEF. A meta-analysis of seven RCTs in 1,684
patients with HFrEF found that patients attending a nurse-
led titration (NLT) clinic had a significant reduction in reho-
spitalisation and mortality [201]. These studies compared the
titration of medications by a GP, cardiologist, or general
internists with the titration of medications by an advanced
practice heart failure nurse [201]. Patients seen in the NLT
clinics reached optimal dose of beta-adrenergic blockers in
half the time compared with titration of these medications by
GPs. About 27 deaths could be avoided for every 1,000
people receiving NLT of beta blocking agents, ACE inhib-
itors, and ARBs [201].

Benefits and harms: The benefits of a multidisciplinary
heart failure disease management program and telemonitor-
ing or telephone support after discharge are supported by
high-quality evidence; hence, enrolment of patients with
heart failure into these programs post-hospital discharge
should be standard care. There is evidence to support a
face-to-face visit involving an advanced practice heart failure
nurse being superior to telephone support in reducing hos-
pitalisation and mortality.

A nurse-led medication titration clinic is recommended in
patients diagnosed with HFrEF who are stable and euvolae-
mic. It is recommended that these clinics involve a nurse
practitioner or advanced practice nurse experienced in heart
failure supported by a cardiologist or physician with an
interest in heart failure.

Resources and other considerations: Telemonitoring
involves a specialised computerised program supported
by an information technology department.

A nurse practitioner is defined as an advanced practice
nurse that has been endorsed by the Nursing and Midwifery
Board of Australia as a nurse practitioner and their scope of
practice designates them to work within the specialisation of
heart failure [272]. An advanced practice nurse is defined as a
registered nurse with the expert knowledge base, complex
decision-making skills and clinical competencies for
expanded practice [273].

Practice advice

1. Multidisciplinary heart failure programs with or without
telephone support/telemonitoring should comprise a
specialist multidisciplinary heart failure team such as a
cardiologist or physician specialising in heart failure, an
advanced practice heart failure nurse, nurse practitioner,
pharmacist, physiotherapist, occupational therapist,
exercise physiologist, dietitian, psychologist, and pallia-
tive care physician, as appropriate.

2. Telemonitoring and telephone support systems require a
comprehensive alert system to flag patients who are
displaying signs of clinical deterioration and pathways
for rapid medical review of the patient.

3. These programs should focus on high-risk patients, espe-
cially those recently discharged after hospitalisation for
heart failure. A list of other high-risk features is provided
in Table 11.

4. A nurse-led medication titration clinic is recommended in
patients diagnosed with HFrEF who are stable, euvolaemic
and have not achieved optimal doses of medications.

5. A heart failure nurse practitioner is required to run the
medication titration clinic. If a nurse practitioner is not
available then an advanced practice heart failure nurse
can manage the clinic, using a preapproved medication
titration protocol and individual cases discussed with
medical staff.

6. Nurse-led medication titration clinics should be sup-
ported by a cardiologist or specialist physician with an
interest in heart failure. In rural /remote settings, support
is more likely to be provided by a general physician.
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8.2.3. Non-pharmacological Heart Failure Management
and Multimorbidity
Adjusting management strategies in the setting of multimor-
bidity and heart failure is integral to better outcomes [274].
Together with a patient’s values, preferences, and goals, a list of
clinical priorities and an approach to match should be estab-
lished. This may involve other specialists as appropriate. Dis-
cordant and contraindicated treatment options should be
identified and managed as part of the overall healthcare plan.
Employing a multidisciplinary, team-based approach to man-
agement, including a heart failure advanced practice nurse,
provides the patient, their caregivers and family with the
knowledge to facilitate better care and to provide advice on
options relevant to their management. For example, more
frequent monitoring will be required during periods of insta-
bility or optimisation of medication. Older adults may also
benefit from more frequent monitoring, particularly home
visitations [275]. Essentially, a more nuanced approach with
clinical judgement and recognition of the contribution of per-
sonalised, patient-centred decisions is to be adopted.
8.2.3.1. Multimorbidity: Cognitive Impairment.
The ability of patients with heart failure who also have
impaired cognition to adhere to medication regimens, keep
appointments, recognise symptoms and signs of an exacer-
bation, and perform activities of daily living are likely to be
compromised [276]. Education of patients with heart failure
with impaired cognition should also include the caregiver
particularly regarding self-management strategies and life-
style changes. Educational resources aimed at low health
literacy may be beneficial. Referral to a dietitian may also
be beneficial to ensure patients are receiving a nutritional
diet, particularly in patients with a reduced appetite or car-
diac cachexia. Preventive treatments target patient support
with disease management programs and efforts to slow
progression of cognitive decline. Among the more promising
areas of delaying progression include pharmacological ther-
apy, exercise training, dietary changes, and CRT.
Screening for cognitive impairment in patients with heart
failure is problematic. There is no universal agreement on its
measurement, setting, frequency, referral pathway, and
effective treatment. Assessment of a patient’s cognitive
impairment using a validated tool may guide further man-
agement. Multidisciplinary health teams should pay partic-
ular attention to the special needs of patients with heart
failure and cognitive impairment who live alone and without
social support.
8.2.3.2. Multimorbidity: Frailty.
Frailty is an important consideration in patients with heart
failure with an estimated prevalence of 40-50% [277]. How-
ever, there is no consensus on which frailty instruments
should be used or the best time to administer them [278].
A comprehensive assessment of frailty may provide addi-
tional prognostic benefits [279].

8.3. Frequency of Follow-up

Patients diagnosed with heart failure experience a high rate
of hospitalisations. Discharge planning plays a key role in

optimising their management after discharge to provide a
seamless transition of care from the hospital into the com-
munity. Discharge planning should commence early during
their hospitalisation and involves referrals to heart failure
programs after discharge, community services as appropri-
ate, heart failure exercise programs, early outpatient clinic
appointments, and GP follow-up.

Rationale: Prospective comparative studies suggest that
follow-up of patients within 7-10 days after discharge fol-
lowing hospitalisation for heart failure may be associated
with lower rates of rehospitalisation. Results from the
‘Organized Program to Initiate Lifesaving Treatment in Hos-
pitalized Patients With Heart Failure (OPTIMISE-HF)" and
GWTG-HF quality-improvement programs found that
patients with heart failure followed up in clinic within 7
days after discharge had a significant reduction in rehospi-
talisation within 30 days compared with those who were not
followed up within 7 days [280]. Early follow-up with a
cardiologist and their GP was also associated with better
survival and a reduction in rehospitalisation compared with
GP follow-up only [254].

In terms of type of follow-up visit, there is insufficient
evidence to support that a home visit is superior to a clinic
visit for follow-up after discharge. One RCT found no differ-
ence in freedom from unplanned rehospitalisation or death
(the primary endpoint) between these two groups. However,
there was a significant reduction in mortality in patients
receiving home-based visits compared with clinic appoint-
ments [281].

Another RCT investigated the intensity of follow-up to
determine the effect of low, moderate, or high intensity, after
discharge follow-up with a heart failure nurse. Low-intensity
follow-up comprised usual care of an outpatient appoint-
ment with a cardiologist within 2 months after discharge and
then every 6 months. Moderate follow-up consisted of usual
care and an additional nine outpatient appointments with a
heart failure nurse. High-intensity follow-up also consisted
of usual care and weekly telephone calls, and a home visit
within the first month after discharge, followed by additional
telephone calls with the heart failure nurse, two home visits,
and two multidisciplinary appointments. There were no
significant differences in heart failure mortality or hospital-
isation between the intensity of follow-up appointments
[282].

Benefits and harm: Although the evidence is limited,
early post-hospital discharge appointments should be
considered to identify potential issues or signs and
symptoms that may indicate early exacerbation of heart
failure.

Practice advice

Prospective studies and registry data have shown that the
most vulnerable period for patients with heart failure is
within the first few weeks post-hospital discharge. Ideally
these patients should be reviewed within the first 7-14 days
of discharge from hospital, regardless of the type of appoint-
ment. The frequency of their appointments should be guided
by their clinical stability.
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8.4. Self-management

Recommendation: Educating patients and their carers
about the self-management of heart failure is recom-
mended in patients with heart failure, to decrease hospital-
isation and mortality. It should commence soon after
diagnosis, be patient-centred, appropriate to their level
of health literacy, culturally appropriate, and revised con-
tinually throughout the person’s life.

(Strong recommendation FOR: high quality of evidence.)

Patients with heart failure are required to adhere to a
complex regimen when managing their heart failure at
home, to maintain stability, decrease hospitalisation and
mortality, and improve quality of life. The regimen
includes taking their medications at the right time and
right dose, monitoring their heart failure specific signs
and symptoms (to determine when these signs and symp-
toms indicate a deterioration in health), and collaboration
with a health professional. Interventions have been imple-
mented to support patients in self-managing their heart
failure, and to empower them with the skills and knowl-
edge to actively participate in symptom monitoring, prob-
lem-solving and decision-making in managing their heart
failure. RCTs with self-care as a primary endpoint have
shown mixed effects.

Interventions to improve self-management

An RCT of a 12-week training program in self-manage-
ment of heart failure showed a significant improvement in
daily weighs, and adherence to a low-sodium diet, medica-
tions, and exercising in patients attending the program [283].
However, there were no differences in rehospitalisation
[283].

Other interventions have focused primarily on a heart
failure education program. An RCT evaluated an education
program for patients and their carers about heart failure and
self-management at home, but found no significant differ-
ences in self-care maintenance, management, or knowledge
of heart failure between those patients that received educa-
tion and those that did not [284]. However, patients partici-
pating in the education program had significantly lower rates
of rehospitalisation. [285]. A smaller, single-centre RCT of an
education program delivered over the phone found an
improvement in self-management [284]. However, a larger
RCT will be required to determine whether these results
translate into clinical benefits.

The effect of self-management on hospitalisations and
mortality

Despite weak evidence supporting interventions that may
improve self-management, there is strong evidence support-
ing the benefits of educating patients and their carers about
the self-management of heart failure on reducing rehospital-
isation and mortality. An individual patient-level data meta-
analysis of 20 RCTs comprised data from 5624 patients with
heart failure, with most of the interventions delivered by
specialised heart failure nurses in an individualised face-
to-face approach [286]. Self-management interventions sig-
nificantly prolonged the time patients spent out of hospital

and stayed alive accompanied with an improved quality of
life [286].

Practice advice

Patient and carer education about heart failure and self-
management is a key component of non-pharmacological
management of heart failure and should be commenced soon
after diagnosis, be patient centred and revised continually for
life. Prior to commencing education, the patient’s health
literacy level should be determined and resources provided
that are appropriate for their level of health literacy. The
National Heart Foundation of Australia has low-health-liter-
acy and higher-health-literacy heart failure resources avail-
able on the NHFA website.

8.5. Fluid Restriction and Daily
Weighing

Most hospitalisations for heart failure are associated with
congestion [29]. Volume management is essential in manag-
ing congestion. This is achieved through fluid and sodium
restriction, prescribing of diuretics, and daily weighs.

Rationale: Previously there was little evidence, except for
expertopinion, to support the restriction of fluid in heart failure
and the specific level of fluid restriction [287]. A meta-analysis
of six RCTs involving 751 patients with heart failure who were
randomised to a control group of unlimited fluids and an
intervention group of restricting fluid to 800 mL to 1.5L/
day reported nosignificant differences for hospitalisation, mor-
tality, perceived thirst, serum sodium, and duration of intra-
venous diuretics [288]. However, this meta-analysis involved a
small number of participants and further RCTs are warranted.

Several additional RCTs have also shown no significant
difference in clinical stability or rehospitalisation and mor-
tality in patients with or without a fluid restriction [289,290].

There is also no evidence beyond expert opinion to support
the use of daily weighing as a surrogate marker of congestion
and the amount of increase in weight indicating when to see
their GP (e.g., an increase of 2 kg in 2 days). However, in
clinical practice daily weighs are important to alert patients
and their healthcare professionals that fluid is beginning to
reaccumulate.

Benefits and harms: There are presumed benefits of fluid
restriction in patients with overt congestion. However, in
patients with no signs and symptoms of congestion, there
is no evidence supporting the benefits of fluid restriction, and
possible harm in situations associated with excess fluid loss
(e.g., diarrhoeal illness and hot weather).

Practice advice

1. In patients with overt congestion, consider restricting
fluid intake to 1.5 L/day.

2. If the patient’s weight increases by 2 kg over 2 days, they
should see their GP and consider a temporary increase in
the dose of diuretics depending on haemodynamic sta-
tus, renal function, and electrolytes.

3. In patients who are competent in self-managing their
heart failure, consider a sliding scale of diuretics for
the patient to manage.
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8.6. Sodium Intake

Background: Heart failure guidelines provide varying advice
regarding sodium intake in patients with heart failure
[108,291]. There is no evidence to support the amount of
dietary sodium restriction beyond expert opinion.

Practice advice

Our current advice is to apply the NHFA general popula-
tion recommendation regarding sodium intake (<2 g/day).
A referral to a dietitian should be considered as they can
provide individualised strategies and support to patients
regarding their low sodium diet.

8.7. Exercise Training and Heart Failure

Recommendation: Regular performance of up to moderate
intensity (i.e. breathe faster but hold conversation) contin-
uous exercise is recommended in patients with stable
chronic heart failure, particularly in those with reduced
LVEEF, to improve physical functioning and quality of life,
and to decrease hospitalisation.

(Strong recommendation FOR; high quality of evidence.)

Rationale: Exercise training embedded in cardiac rehabili-
tation is effective in reducing hospitalisation and improving
physical functioning and muscle fitness. In 2014, a Cochrane
review of people with heart failure (mostly HFrEF and
NYHA classes II and III) found exercise-based rehabilitation
compared with no exercise control decreased all-cause hos-
pitalisation to 1 year (15 trials, 1328 participants: relative risk
reduction [RRR] 0.75; 95% CI, 0.62-0.92, absolute risk reduc-
tion [ARR], 5.8%; number needed to treat [NNT], 17),
decreased heart failure-related hospitalisation (12 trials,
1036 participants: RRR 0.61; 95% CI, 0.46-0.80, ARR, 7.2%;
NNT, 14) and improved quality of life (13 trials, 1270 par-
ticipants: mean difference, 5.8; 95% CI, 2.4-9.2) [292]. Exercise
had no significant effect on mortality up to 1 year (25 trials,
1871 participants) or after 1 year [292]. The overall risk of bias
across the heart failure trials was moderate. A separate meta-
analysis of 2321 patients with HFrEF enrolled in 27 RCTs
found resistance or combined continuous and resistance
training was associated with improved peak VO,, quality
of life, and walking performance [293]. Another meta-analy-
sis involving 276 patients with HFpEF enrolled in six RCTs
found exercise training was associated with an improvement
in physical functioning and quality of life [294].

Currently, moderate continuous endurance exercise is the
best described and established form of training, because of its
well-demonstrated efficacy and safety [295]. Moderate-inten-
sity physical activity is associated with a moderate, noticeable
increase in depth and rate of breathing, while still allowing the
individual to whistle or talk comfortably. This advice is based
mainly on a large multicentre exercise intervention trial (HF-
ACTION [Heart Failure: A Controlled Trial Investigating Out-
comes of Exercise Training]) with 2331 patients with chronic
heart failure, which observed a moderate reduction of symp-
toms, improvement of exercise capacity, and a decrease in
rehospitalisation for heart failure [296]. Another multicentre,
exercise-intervention RCT involving 278 patients recently hos-
pitalised with acute heart failure reported that it was safe and

feasible to undertake exercise training. However, this study
failed to decrease the combined endpoint of death and reho-
spitalisation on top of comprehensive heart failure disease
management (EJECTION-HF [Exercise Joins Education: Com-
bined Therapy to Improve Outcomes in Newly discharged
Heart Failure]) [297]. Furthermore, high-intensity interval
training was not superior to moderate continuous training
in changing LV remodelling or aerobic capacity and its feasi-
bility remains unresolved in this patient population [298].
Improvement in clinical outcomes is considered dose related,
particularly with levels above three metabolic unit (MET)-
hours per week of continuous endurance training [299].
Benefits and harms: Continuous endurance training
increases physical functioning and exercise capacity, and
improves systolic and diastolic function in patients with
HFrEF. The combination of strength-endurance training indu-
ces more pronounced increases in muscle strength and muscle
mass. Contemporary endurance training studies in patients
with HFpEF have shown improved exercise capacity and dia-
stolic function. Supervised exercise training programs are not
associated with adverse outcomes in excess of standard care.
Resources and other considerations: Strength-endurance
training typically involves a combination of facility and
home-based routines. Both large muscle mass (walking
and leg ergometry) and small muscle mass (arm ergometry
and specific strength activities) exercises are performed.
Flexibility and balance exercises are often incorporated. Exer-
cise can be considered as soon as practical in clinically stable
patients with heart failure. An initial period of supervision
may be warranted to verify individual responses and tolera-
bility, clinical stability and prompt recognition of a change in
status warranting modification or termination of the routine.
Practice advice

1. Exercise studies in heart failure have been largely con-
ducted in patients with HFrEF under the age of 70 years.
However, evidence has emerged for the benefits of exer-
cise training in HFpEF patients, which is more prevalent
in older patients with heart failure and in women.

2. Continuous endurance training may be most effective,
with the additional benefit from resistance training con-
founded by the combination of both modalities. The
inclusion of resistance training may be of particular ben-
efit for muscle strength and fitness in patients with
advanced heart failure who are at risk of frailty and
cachexia.

9. Devices, Surgery and
Percutaneous Procedures

9.1. Cardiac Electronic Implantable
Devices

9.1.1. Cardiac Resynchronisation Therapy

Recommendation: CRT is recommended in patients with
HFrEF associated with sinus rhythm, an LVEF of less than
or equal to 35% and a QRS duration of 150 ms or more
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despite optimal medical therapy to decrease mortality and
decrease hospitalisation for heart failure, and improve
symptoms.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: CRT should be considered in patients
with HFrEF associated with sinus rhythm, an LVEF of less
than or equal to 35% and a QRS duration of 130-149 ms
despite optimal medical therapy to decrease mortality and
decrease hospitalisation for heart failure, and improve
symptoms.

(Strong recommendation FOR; moderate quality of
evidence.)

Recommendation: CRT may be considered in patients
with HFrEF associated with AF, an LVEF of less than or
equal to 35% and a QRS duration of 130 ms or more despite
optimal medical therapy to decrease morbidity and mortal-
ity, and improve symptoms, provided this is accompanied
by approaches to maximise biventricular capture (ideally
more than 92% biventricular capture).

(Weak recommendation FOR; very low quality of evidence.)

Recommendation: CRT should be considered in patients
with HFrEF associated with an LVEF of less than or equal to
50% accompanied by high-grade atrioventricular (AV)
block requiring pacing, to decrease hospitalisation for
heart failure.

(Weak recommendation FOR; moderate quality of evidence.)

Recommendation: CRT should be considered in patients
who have pre-existing RV pacing who develop symptoms
of heart failure with an LVEF of less than or equal to 35%, to
decrease hospitalisation for heart failure.

(Weak recommendation FOR; low quality of evidence.)

Recommendation: CRT is contraindicated in patients
with QRS duration of less than 130 ms, because of lack
of efficacy and possible harm.

(Strong recommendation AGAINST; moderate quality of
evidence.)

Rationale: CRT has been shown to improve LV function,
decrease mortality and decrease hospitalisations for heart
failure in patients with HFrEF with intraventricular conduc-
tion delay (QRS >130 ms) (see Appendix 3) [300,301]. Dysy-
nergic contraction of the left ventricle, particularly in the
setting of left bundle branch block, may contribute to a
reduction in LV systolic function. Resynchronisation of ven-
tricular contraction is achieved by pacing both the left and the
right ventricles simultaneously. This may lead to improved
LVEF and favourable reverse remodelling of the left
ventricle.

In an attempt to isolate the benefits of CRT from that of an
ICD, many studies have compared ICD therapy with or
without CRT (i.e. CRT-defibrillator (CRT-D) vs ICD),
whereas only two major studies have compared CRT with
optimal medical therapy [301,302]. In the Comparison of
Medical Therapy, Pacing, and Defibrillation in Heart Failure
(COMPANION) trial [301], patients were randomly assigned
to CRT, CRT-D or optimal medical therapy. The rate of death
or hospitalisation from any cause was decreased in the device
groups compared with optimal medical therapy. In the

Cardiac Resynchronization-Heart Failure (CARE-HF) study,
CRT improved symptoms and decreased mortality com-
pared with optimal medical therapy [302]. Subsequent stud-
ies have reported that CRT-D decreases mortality and
decreases hospitalisations for heart failure compared with
ICD [303-306].

Several studies have explored whether certain patient

characteristics influence the clinical efficacy of CRT. How-
ever, LVEF and QRS width have been inclusion criteria in all
the major randomised trials.
9.1.1.1. Cardiac Resynchronisation Therapy Efficacy and
Qrs Morphology and Duration.
The initial premise was that the benefit of CRT was reliant on
the delay between the posterolateral and anteroseptal wall
depolarisation with the presence of a bundle branch block
(BBB) pattern being a marker for dyssynchrony in many
studies. However, for any given QRS duration, the mechani-
cal activation delay between the right and left ventricles may
vary significantly, as does the intraventricular activation.
This may explain the reduced reliability of left BBB (LBBB)
in predicting a favourable response observed in some studies
[307]. For example, studies have shown that a QRS duration
of 120-140 ms maybe due to other conditions rather than true
LBBB, such as LV hypertrophy or extensive MI. The cause of
the BBB morphology maybe more important in predicting a
response to CRT than the morphology itself [308]. Despite
this, the presence of LBBB is a stronger predictor of CRT
response than either right BBB or non-specific intraventricu-
lar conduction delay [309,310].

Several studies reported a positive correlation between the
initial QRS width and clinical efficacy. Recent meta-analyses
have confirmed this [300,303,311,312], with two individual
patient data meta-analyses reporting that QRS morphology
did not provide additional predictive utility over and above
QRS duration [300,303].

Echocardiographic assessment of dysynchrony was used
in the Predictors of response to cardiac resynchronisation
therapy (PROSPECT) trial, but was found not to be useful in
predicting the response to CRT. The Echocardiography
Guided Cardiac Resynchronization Therapy (EchoCRT)
study reported that CRT did not decrease mortality or hos-
pitalisations for heart failure in patients with HFrEF associ-
ated with a QRS duration of less than 130 ms, with a
significant increase in mortality [313].
9.1.1.2. Cardiac Resynchronisation Therapy Efficacy and
Left Ventricular Ejection Fraction. Most CRT studies have
included patients with an LVEF of less than 35%. The
response of CRT in patients with an LVEF of 35-40% has
also been studied [314,315]. In the Multicentre Automatic
Defibrillator Implantation Trial-Cardiac Resynchronization
Therapy (MADIT-CRT) trial, a substudy assessing the effect
of the baseline ejection fraction showed that the clinical
benefit was evident regardless of baseline LVEF. The greatest
reduction in LV end-diastolic volume was found in patients
with a higher baseline LVEF [316].
9.1.1.3. Cardiac Resynchronisation Therapy Efficacy and
Atrial Fibrillation. The use of CRT in the setting of AF
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remains controversial. Information for CRT in this subset of
patients who represent about 20% of the HFrEF population is
scant, with only a small number of studies that have evalu-
ated CRT in AF. The Multisite Stimulation In Cardiomyopa-
thies (MUSTIC) study compared biventricular pacing with
right ventricular pacing in patients with severe heart failure
and atrial fibrillation requiring pacing. While the primary
endpoint according to the intention-to-treat analysis was not
achieved in this small study, an improvement in exercise
capacity was observed in a post hoc analysis of patients who
received effective pacing [317]. A subsequent pre-post biven-
tricular pacing analysis demonstrated sustained benefits
over 12 months [318]. In the Resynchronization—Defibrilla-
tion for Ambulatory Heart Failure (RAFT) study an AF
subgroup was analysed and no benefit was found for
CRT-D over ICD [319]. In this study, a low biventricular
capture rate may have contributed to this. Evidence suggest-
ing a benefit for CRT in patients with AF and heart failure
comes from a small number of studies following AV node
ablation. Brignole et al. (2011) showed that CRT after AV
node ablation decreased hospitalisations for heart failure,
compared to RV pacing alone [320], which was also reported
in a subsequent meta-analysis [321]. In a subgroup consid-
ered traditionally CRT eligible (LVEF <35%, QRS >130 ms,
and NYHA Class III-IV) a similar benefit was found [320].
CRT offered a greater improvement in the 6-minute walk test
and ejection fraction, especially in patients with impaired
systolic function or heart failure [322]. If CRT is undertaken
in patients in AF, one should ensure at least 92% biventric-
ular capture [312,323,324].

9.1.1.4. Other Predictors of Outcome. There are a number of
other factors that may influence decision making, especially
in patients with borderline indications for CRT. Reverse
remodelling is an important predictor of a favourable
response to CRT. As such, patients with a scarred ventricle,
such as those with an ischaemic substrate, were less likely to
demonstrate an improvement in systolic function [325].
Despite this, they may still receive a clinical benefit. A
meta-analysis of data from individual patients reported that
women were more likely to respond to CRT than were men
[326]. In a subgroup analysis in the COMPANION trial, a
prolonged PR interval was associated with a greater reduc-
tion in the endpoint [327]. However, in the REsynchroniza-
tion reVErses Remodeling in Systolic left vEntricular
dysfunction (REVERSE substudy), benefit was not affected
by the duration of the PR interval [328]. Conversely, the
MADIT-CRT trial reported that a PR interval of more than
or equal to 230 ms identified patients with a non-LBBB pat-
tern who were more likely to respond [329].

9.1.1.5. Cardiac Resynchronisation Therapy versus Right
Ventricular Pacing. Pacing is often used in patients with
advanced AV block, sinus node dysfunction, or to support
AV node ablation in drug refractory AF. A minority of
patients develop LV systolic dysfunction in response to dys-
synchrony attributable to RV pacing. There was considerable
interest in positioning leads within the right ventricular
outflow tract or septum to provide more physiological

ventricular activation, as opposed to the traditional site at
the RV apex, in an attempt to reduce this complication.
However, a randomised study comparing these two sites
did not demonstrate a difference in LVEF [330].

There is an increased risk of developing heart failure in
patients with a high proportion of RV pacing [331,332].
Pacemaker programming should be mindful of minimising
ventricular pacing through various approaches to extend the
atrioventricular delays to encourage intrinsic conduction.
This may be particularly important in patients with reduced
LVEF, where RV pacing may exacerbate heart failure
[314,321]. The Biventricular versus Right Ventricular Pacing
in Heart Failure Patients with Atrioventricular Block
(BLOCK HF) trial [314] compared CRT and right ventricular
pacing in patients with HFrEF associated with atrioventric-
ular block. It showed that CRT decreased hospitalisations for
heart failure compared with RV pacing.
9.1.1.6. Cardiac Resynchronisation Therapy Defibrillator
versus Cardiac Resynchronisation Therapy Pacemaker.
When CRT is indicated, a CRT-D is used, in most cases, rather
than a CRT-pacemaker (CRT-P). The Danish Study to Assess
the Efficacy of ICDs in Patients with Non-Ischemic Systolic
Heart Failure on Mortality (DANISH) study [333] showed
evidence that nonischaemic cardiomyopathy patients may
not derive benefit from an implantable defibrillator. As such,
there may be a greater call for CRT-P over CRT-D in these
patients. In other circumstances—e.g., in patients who do not
wish to have the potential for defibrillation, where the left
ventricle is likely to improve, in the very elderly, or in those
who retain a poorer prognosis but remain symptomatic—it
would be reasonable to consider CRT-P over CRT-D, to
improve their quality of life and longevity [301,302]. It remains
controversial in patients who have an existing CRT-D thatis up
for renewal and whose ventricle has positively remodelled and
experienced an improvement in ejection fraction as to whether
a replacement with a CRT-P should be chosen over CRT-D.

Benefits and harms: In appropriately chosen patients, the
prognostic and symptomatic benefits are greater for CRT-D
compared with defibrillator alone and better for CRT-P com-
pared with RV pacing alone. There is potential for harm
when pacing without CRT in heart failure or with inappro-
priate use of CRT, e.g., a QRS of less than 130 ms.

Resources and other considerations: Expertise in implan-
tation of LV wires is more likely with higher volume centres
and operators. Other considerations include the cost of
implantation and follow-up by both pacemaker and special-
ist heart failure services.

Practice advice

1. CRT (with or without an ICD) should be considered for
patients with heart failure associated with an LVEF of
less than or equal to 35% and a QRS duration of 130 ms or
more despite optimal medical therapy.

2. The benefit of CRT is greater in patients with a broader
QRS duration (especially QRS duration >150 ms).

3. Other factors that may influence decision-making, espe-
cially in patients with borderline indications, include the
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underlying rhythm (stronger evidence in sinus rhythm),
QRS morphology and PR interval, with greater benefit
reported in some studies for LBBB morphology and
prolonged PR interval.

4. If CRT is performed in patients in AF, measures are
required to ensure at least 92% biventricular capture.

5. CRT is not beneficial (and may be harmful) in patients
with a QRS duration of less than 130 ms.

9.1.2. Implantable Cardioverter Defibrillators
Recommendation: An ICD should be considered as a sec-
ondary prevention indication in patients following resus-
citated cardiac arrest, sustained ventricular tachycardia in
the presence of haemodynamic compromise and ventricu-
lar tachycardia associated with syncope and an LVEF of less
than 40% to decrease mortality.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: An ICD should be considered as a
primary prevention indication in patients at least 1 month
following MI associated with an LVEF of less than or equal
to 30% to decrease mortality.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: An ICD should be considered as a
primary prevention indication in patients with HFrEF asso-
ciated with ischaemic heart disease and an LVEF of less
than or equal to 35% to decrease mortality.

(Strong recommendation FOR; moderate quality of
evidence.)

Recommendation: An ICD may be considered as a pri-
mary prevention indication in patients with HFrEF associ-
ated with DCM and an LVEF of less than or equal to 35%, to
decrease mortality.

(Weak recommendation FOR; low quality of evidence.)

Rationale: SCD is predominantly due to ventricular tachy-
arrhythmia and is the leading cause of mortality in patients
with HFrEF, with the incidence increasing with declining LV
systolic function. ICDs are the most effective tool in the
prevention of SCD (see Appendix 3). Transvenous ICDs
are effective in providing antitachycardia pacing or an inter-
nal shock to restore sinus rhythm. A randomised study
comparing amiodarone with ICDs demonstrated a signifi-
cant survival benefit for ICDs [334], with amiodarone equiv-
alent to placebo.

The incidence of SCD is higher in patients with underlying
ischaemic heart disease; thus, it is not surprising that the
benefits of ICD therapy are more significant in these patients
[335]. No individual randomised study has demonstrated a
significant reduction in total mortality for ICDs compared
with medical therapy in DCM. On the basis of the Sudden
Cardiac Death in Heart Failure Trial (SCD-HeFT), ICDs were
recommended in patents with HFrEF associated with an
LVEF of less than or equal to 35% and NYHA Class 2 or 3
symptoms, regardless of whether or not they had underlying
coronary artery disease; however, subgroup analysis of the
DCM group did not achieve statistical significance. The
DANISH study randomised 556 patients with DCM and
an LVEF of less than or equal to 35% to ICDs vs medical

therapy, with no significant difference in total mortality
between the groups [333]. A CRT was implanted in 58% of
patients in both groups and there was a higher use of beta
blockers (96%) compared with earlier randomised ICD stud-
ies. A Danish substudy with the prespecified endpoint of age
identified a significant reduction in mortality in patients aged
under 70 years [336]. Subsequent meta-analyses demon-
strated a significant reduction in all-cause mortality with
ICDs in patients with DCM, with the greatest benefit in
younger patients who did not have a CRT [337].

Benefits and harms: The benefits of ICD therapy must be
balanced against the impact of living with a device with
complications related to implantation and psychological
sequelae related to inappropriate shocks for atrial tachyar-
rhythmias or lead fracture.
9.1.2.1. Programming and Type of Device.

Practice advice

1. Generally single-chamber ICDs are recommended with
an atrial lead included only if there is a separate brady-
cardia indication because dual chamber devices are asso-
ciated with a higher rate of complications, device
replacement and expense [338].

2. A CRT should also be considered in patients with HFrEF
associated with a QRS duration of 130 ms or more and an
LVEF of less than or equal to 35%.

3. The Multicenter Automatic Defibrillator Implantation
Trial-Reduce Inappropriate Therapy (MADIT-RIT)
study demonstrated the importance of programming
with a reduction in inappropriate ICD therapy and total
mortality with device therapies delivered at ventricular
rates of more than 200 bpm or with a 60-second delay for
rates of more than 170 bpm [339].

4. Device programming for bradycardia parameters should
be at a lower rate of 40 bpm, to minimise ventricular
pacing [331].

5. Subcutaneous ICDs may be considered in younger people
for primary prevention, however, do not provide antita-
chycardia pacing or bradyarrhythmia pacing support.

9.2. Pressure Monitoring Devices

Recommendation: Implantable pulmonary arterial pres-
sure monitoring may be considered in patients who have
been previously hospitalised for heart failure associated
with a reduced or preserved LVEF with persistent moderate
(NYHA functional class III) heart failure symptoms despite
optimal care to decrease hospitalisation for heart failure,
provided systems are in place to ensure daily upload and at
least weekly review of pressure monitoring data.
(Weak recommendation FOR; low quality of evidence.)
Rationale: Bedside clinical assessment of fluid balance is not
only a valuable part of the physical examination of patients
with heart failure, but more importantly can guide manage-
ment. The concept of remote monitoring has theoretical ben-
efits, but so far has been demonstrated to have only limited
clinical benefit. This may in part be due to limitations in the
technologies available, the type of data that can be measured
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and its translation into clinical algorithms or changes in
management. Change in pulmonary artery pressure is con-
sidered a marker of change in volume status and perhaps an
early predictor of hospitalisation for heart failure. Traditional
assessment of pulmonary artery pressure or left atrial pres-
sure can be obtained by invasive catheter studies or esti-
mated by echocardiography; however, these approaches
only offer intermittent sampling of intracardiac pressure.

The Chronicle Offers Management to Patients with
Advanced Signs and Symptoms of Heart Failure (COM-
PASS-HF) trial [340] used the Chronicle™ device (Med-
tronic) to continuously and remotely measure an estimate
of pulmonary artery diastolic pressure, RV systolic and dia-
stolic pressure, RV rate of rise of pressure (dP/dt), heart rate
and activity. In a small study involving 275 patients over 6
months, there was a nonsignificant reduction in the compos-
ite clinical heart failure endpoint, although a retrospective
analysis identified a nominally significant reduction in hos-
pitalisation for heart failure. Nonetheless, this study did
provide some evidence to suggest that pulmonary diastolic
pressure rose gradually and often preceded overt clinical
heart failure symptoms.

The CardioMEMS Heart Sensor Allows Monitoring of
Pressure to Improve Outcomes in NYHA Class III Heart
Failure Patients (CHAMPION) trial assessed the clinical effi-
cacy of an implantable pulmonary artery pressure monitor
for heart failure management using the CardioMEMS™
device compared with standard care. There were a larger
number of changes made to heart failure drug therapy in the
treatment group, which translated to significant reductions
in hospitalisations for heart failure at 6 months (primary
endpoint) and 15 months [341]. Similar benefits were
reported in patients with reduced and preserved LVEF.
In a subgroup of patients aged 65 years and over, all-cause
30-day rehospitalisation was reduced [342]. A subsequent
analysis reported similar benefits using a pretest, post-test
comparison in the patients who transitioned from the
control group to having open-access to the haemodynamic
data [341].

Several direct left atrial pressure monitoring devices are
under development.

Benefits and harms: Remote monitoring of devices is pos-
sible, and is particularly helpful for patients living in remote
areas. The adverse event rate for the CardioMEMS heart
sensor submitted to Manufacturer and User Facility Device
Experience after approval by the United States Food and
Drug Administration in more than 5,500 patients was
2.8%. These were due predominantly to device failure or
migration; less commonly to access site issues, arrhythmias,
and pulmonary embolism or device thrombosis; and rarely to
pulmonary artery injury [343].

Resources and other considerations: In addition to the
facilities and staff required to insert the pressure-monitoring
device, there needs to be daily upload and at least weekly
review of the haemodynamic data by the treating clinician. It
is also uncertain whether the benefits reported in the CHAM-
PION trial would apply in the Australian healthcare system,

where there may be different models of care and different
thresholds to hospitalisation.

9.3. Surgical Management of Heart
Failure in Association With Ischaemic
Heart Disease

Recommendation: Coronary artery bypass graft surgery
(CABG) should be considered in patients with HFrEF asso-
ciated with ischaemic heart disease and an LVEF of less
than or equal to 35% if they have surgically correctable
coronary artery disease to improve symptoms (e.g., relief of
angina and heart failure symptoms) and decrease morbid-
ity and long-term mortality.

(Strong recommendation FOR; moderate quality of
evidence.)

Rationale: The Surgical Treatment for Ischemic Heart Fail-
ure (STICH) trial was the largest completed trial that was
designed to define the role of cardiac surgery in the treatment
of patients with heart failure and ischaemic heart disease. In
this trial, 1212 patients with coronary artery disease and an
LVEEF of less than or equal to 35% were randomised to receive
CABG on top of standard medical therapy compared with
standard medical therapy alone [344]. There was no signifi-
cant difference in the primary endpoint, all-cause mortality at
5 years; however, patients randomised to receive CABG had
a lower cardiovascular mortality and a lower rate of mortal-
ity or cardiovascular hospitalisation. After 10 years, patients
assigned to CABG experienced lower total mortality, lower
cardiovascular mortality, and required fewer hospitalisa-
tions [345]. Percutaneous revascularisation may also be con-
sidered in selected patients with HFrEF associated with
ischaemic heart disease, however a recent meta-analysis
suggests that surgical revascularisation is associated with
better outcomes [346].

The STICH study also randomised suitable patients to
CABG combined with surgical ventricular reconstruction
(SVR) or CABG alone. This study demonstrated no benefit
for SVR [347]. Observational studies suggested that patients
with more discrete areas of scar or aneurysm formation in
association with coronary disease and heart failure may
benefit from SVR [348,349]; however, a post hoc analysis
from the STICH trial failed to identify any subgroup that
benefited from SVR [350].

The value of myocardial viability testing (using either
nuclear or echocardiographic techniques) in selecting
patients for surgical revascularisation is uncertain. Although
ameta-analysis of earlier studies suggested that patients with
demonstrable myocardial viability had improved survival
with surgical as compared with medical therapy [351], these
studies were retrospective, non-randomised and conducted
in an era prior to widespread use of beta blockers for the
treatment of left ventricular dysfunction. A post hoc analysis
of the STICH trial revealed that patients with evidence of
myocardial viability and left ventricular dysfunction had
improved survival compared with those without viability,
however this difference was no longer significant after
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adjustment for baseline characteristics [352]. Furthermore,
the presence of myocardial viability did not identify patients
with a differential survival benefit after CABG compared
with medical therapy alone [352].

Benefits and harms: The benefits of CABG in patients with
heart failure complicating ischaemic heart disease are relief
of symptoms, fewer hospitalisations (after the surgical
admission) and decreased cardiovascular mortality in the
long term. These benefits must be balanced against the
short-term morbidity and mortality risk related to the CABG.
Factors unrelated to the severity of heart failure—including
age, frailty and comorbidities—are important contributors to
surgical risk and require careful evaluation before any deci-
sion to recommend CABG.

9.4. Surgical or Percutaneous
Management of Valvular Heart Disease
in Association With Heart Failure

9.4.1. Mitral Regurgitation
9.4.1.1. Surgical Mitral Valve Repair or Replacement.
Recommendation: Mitral valve (MV) repair or replacement
at the time of elective CABG should be considered in
patients with moderate to severe mitral regurgitation in
association with heart failure and ischaemic heart disease
to improve symptoms.
(Weak recommendation FOR; low quality of evidence.)
Recommendation: Surgical MV repair or replacement
may be considered in patients with severe mitral regurgi-
tation complicating dilated cardiomyopathy with heart fail-
ure who remain symptomatic despite guideline-directed
medical and cardiac device therapy to improve symptoms.
(Weak recommendation FOR; low quality of evidence.)
Rationale: According to observational studies, the surgical
management of mitral regurgitation complicating DCM with
preservation of the subvalvular apparatus can produce sig-
nificant improvement in both patient symptoms and preser-
vation of LV function [353,354]. In a recent systematic review,
the operative mortality of MV repair was half that of MV
replacement [354]; however, in a prospective randomised
trial comparing MV repair with MV replacement for ischae-
mic mitral regurgitation, overall clinical outcomes were sim-
ilar between the two treatment groups [355]. MV repair was
associated with a significantly higher rate of recurrent mitral
regurgitation [355]. Regardless of the surgical technique,
long-term mortality after surgical management of mitral
regurgitation in association with heart failure is substantial,
ranging from 22% to 53% at 5 years [354]. A post hoc analysis
of the STICH trial reported that, in patients with moderate to
severe mitral regurgitation in association with ischaemic LV
dysfunction, MV repair at the time of CABG was associated
with an improved long-term survival compared with CABG
alone or medical therapy alone [356]. Nonetheless, five-year
mortality was high for all three treatment groups [356],
leading the authors to recommend that alternative
approaches including heart transplantation and ventricular
assist device (VAD) implantation should be considered for

these patients. In another recent systematic review of MV
surgery for moderate to severe mitral regurgitation at
the time of elective CABG, the authors reported that
MYV surgery reduced the risk of late recurrence of mitral
regurgitation, but did not affect perioperative or long-term
mortality [357].

Benefits and harms: The major reported benefit of surgical
MYV repair or replacement is symptomatic relief of dyspnoea.
The potential harm is the exposure of the patient to the short-
term morbidity and mortality risks associated with major
cardiac surgery, with limited evidence that surgical correc-
tion of mitral regurgitation improves long-term survival.
9.4.1.2. Percutaneous Mitral Valve Procedures.
Recommendation: Percutaneous MV repair or replacement
may be considered in patients with moderate to severe
functional mitral regurgitation in association with heart
failure who remain symptomatic despite guideline-
directed medical and cardiac device therapy, particularly
in those who are at high surgical risk to improve symptoms.
(Weak recommendation FOR; low quality of evidence.)

Rationale: A number of percutaneous catheter-based pro-
cedures for repairing or replacing the MV in patients with
mitral regurgitation have been developed. These include the
MitraClip System (Abbott Vascular; Santa Clara, CA, USA),
which is based on the surgical technique of MV repair
described by Alfieri [358]. In the Endovascular Valve
Edge-to-Edge Repair Study (EVEREST) II trial, 279 patients
with severe mitral regurgitation (86% of whom had a history
of heart failure) were randomised to MitraClip versus surgi-
cal MV repair. At 12 months, more MitraClip patients
required further surgery to correct residual mitral regurgita-
tion; however, major adverse events were less frequent in the
MitraClip group, and overall clinical outcomes including
mortality were similar at 12 months and at 5 years
[359,360]. A recent meta-analysis of MitraClip for the treat-
ment of severe functional mitral regurgitation in association
with CHF included 875 nonrandomised patients from nine
studies. The authors reported a significant improvement in
NYHA Class, 6-minute walk distance, and echocardio-
graphic dimensions and function during a mean follow-up
of 9 months [361]. A large randomised trial of MitraClip vs
optimal medical therapy for treatment of moderate to severe
functional mitral regurgitation in association with heart
failure (Cardiovascular Outcomes Assessment of the Mitra-
Clip Percutaneous Therapy for Heart Failure Patients With
Functional Mitral Regurgitation trial [COAPT]) will help to
define the role of percutaneous MV repair in the manage-
ment of functional mitral regurgitation in patients with heart
failure.

Benefits and harms: The benefits of percutaneous MV
repair or replacement are relief of symptoms and reduced
procedural risks compared with surgical MV repair or
replacement. Nonetheless, there are procedural risks and a
higher rate of late mitral regurgitation recurrence compared
with surgical correction. As with surgical MV repair, the
impact of percutaneous MV repair on long-term survival
remains uncertain.
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9.4.2. Aortic Valve Disease

9.4.2.1. Surgical Aortic Valve Replacement.
Recommendation: Surgical aortic valve replacement
(SAVR) is recommended in patients with severe aortic
stenosis or severe aortic regurgitation and heart failure
in the absence of major comorbidities or frailty, to improve
symptoms and decrease mortality.

(Strong recommendation FOR; low quality of evidence.)

Rationale: Patients with haemodynamically severe aortic
stenosis and symptoms of heart failure have an extremely
poor prognosis. There is no effective medical treatment for
these patients. Although there have not been any formal
randomised trials of surgery vs medical therapy, there is
expert consensus that SAVR improves symptoms and sur-
vival [362,363]. Patients with severe aortic stenosis and heart
failure may have normal or reduced LV function. While it is
important to consider and treat other causes of reduced LV
function in these patients (particularly concomitant coronary
artery disease), improvement in LV function can be expected
following SAVR [362,363].

Similarly, patients with severe aortic regurgitation and
heart failure have a poor prognosis with medical therapy.
Severe aortic regurgitation may develop acutely (e.g., in
association with aortic dissection or as a complication of
endocarditis). This typically results in abrupt onset of severe
LV failure (pulmonary oedema or even cardiogenic shock).
Surgical risk will depend in part on the conventional risk
factors such as age and pre-existing comorbidities, and also
on the presence and extent of acute complications (e.g.,
dissection of major vessels or acute multiorgan failure)
[362,363]. Patients with chronic severe aortic regurgitation
often develop marked LV dilatation. Timing of surgery may
be difficult to judge in asymptomatic patients and is exten-
sively reviewed in other guidelines [362,363]. Patients with
severe chronic AR who develop heart failure require aortic
valve replacement regardless of the degree of LV dilatation
or dysfunction, provided they are otherwise fit for surgery
[362,364].

Benefits and harms: The benefits of SAVR for the patient
with severe aortic stenosis or regurgitation (or a combination
of the two) complicated by heart failure far outweigh the
risks, provided that the patient has an acceptable surgical risk
based on age, frailty, and comorbidities.
9.4.2.2. Transcutaneous Aortic Valve Implantation.
Recommendation: Transcatheter aortic valve implantation
(TAVI) should be considered in patients with severe aortic
stenosis and heart failure at intermediate to high operative
mortality risk or considered inoperable for SAVR, and who
are deemed suitable for TAVI following assessment by a
heart team to improve symptoms and decrease mortality.
(Strong recommendation FOR; moderate quality of
evidence.)

Rationale: TAVI was developed as a minimally invasive
procedure to treat aortic stenosis in patients who were con-
sidered high risk for SAVR because of frailty or comorbid-
ities. The Placement of AoRTic TraNscathetER Valve
(PARTNER) 1 Study evaluated a balloon-expandable TAVI

in elderly patients with severe aortic stenosis and heart
failure (predominantly NYHA Class III-IV). The cohort that
were considered unsuitable for SAVR (n =358) were ran-
domised to TAVI or medical therapy [365], and the cohort
considered high risk for SAVR (n = 699) were randomised to
TAVI or SAVR [366]. Compared with medical therapy,
patients randomised to receive TAVI had a significantly
decreased mortality, decreased repeat hospitalisation rate,
and improved symptoms, but a higher rate of stroke and
vascular complications at 1 year. Compared with SAVR,
patients randomised to receive TAVI had similar mortality
at 1 year [366]. The US CoreValve investigators evaluated a
self-expanding TAVI in elderly patients with severe aortic
stenosis and heart failure (predominantly NYHA Class III-
IV) considered high risk for SAVR (n = 795). Compared with
SAVR, patients randomised to receive TAVI had a signifi-
cantly decreased mortality at 1 year [367]. The PARTNER 2
Study evaluated a balloon-expandable TAVI in 2032 elderly
patients with severe aortic stenosis who were estimated to
have intermediate operative mortality risk from SAVR [368].
Most patients had NYHA Class III-IV symptoms at baseline.
Patients were randomised to TAVI or SAVR. About 76% of
the TAVI cohort underwent the procedure via a transfemoral
approach and 24% via a transapical approach. The primary
endpoint of death or disabling stroke was similar in both
groups over 2 years of follow-up; however, the primary
outcome occurred less frequently in the subgroup who
underwent TAVI via a transfemoral approach compared
with the SAVR group [368]. Several studies have identified
frailty as a predictor of increased morbidity and mortality
after TAVI, suggesting that a formal frailty assessment
should be included as part of the routine TAVI workup
[369-371].

Benefits and harms: The major benefit of TAVI is relief of
heart failure. This benefit needs to be balanced against the
short-term morbidity and potential mortality and uncer-
tainty regarding long-term benefit in patients who are usu-
ally elderly and often frail with multiple comorbidities.

Practice advice

1. Patients being considered for TAVI should be assessed
by a multidisciplinary team (‘heart team’) that includes a
cardiac imaging expert, interventional cardiologist, car-
diac surgeon, cardiac anaesthetist, geriatrician, and allied
health personnel, to consider the patient’s risk and tech-
nical suitability for TAVI or SAVR, and the patient’s
frailty and cognitive function.

2. Multimodal imaging including transthoracic and trans-
oesophageal echocardiography, multislice CT scanning,
CMR imaging, aortoiliac and femoral arterial imaging is
integral to assessing suitability for TAVI, sizing of the
valve, and the vascular access route to be used.

9.5. Ventricular Assist Devices

Recommendation: Referral to a specialist centre for con-
sideration of VAD implantation should be considered in
patients with intractable, severe heart failure despite
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guideline-directed medical and pacemaker therapy, and
who do not suffer from major comorbidities to decrease
mortality.
(Strong recommendation FOR; moderate quality of
evidence.)

Recommendation: Implantation of a VAD as a bridge to
transplant should be considered in patients actively listed
for heart transplantation who become inotrope-dependent
or who progress to needing acute mechanical circulatory
support.

(Strong recommendation FOR; low quality of evidence.)

Rationale: Indications for VAD implantation fall into four
broad categories:

e bridge to transplantation (BTT)—in patients with advanced
heart failure who are awaiting heart transplantation;

® bridge to candidacy—in patients with advanced heart
failure who are not eligible for transplantation at the time
of VAD implantation, but who are expected to become
suitable following a period of VAD support;

e bridge to recovery—typically in patients with acute severe
heart failure complicating myocarditis or following cardiac
surgery;

e destination therapy (DT)—in patients with advanced heart
failure who are ineligible for heart transplantation and
expected to remain ineligible after VAD implantation.

It is important to note that patients may move from BTT to
DT (e.g., due to development of major VAD complications
such as disabling stroke or due to development of high levels
of immune sensitisation from repeated blood transfusion)
while others may move from DT to BTT (e.g., due to marked
improvement in functional class and reversal of frailty) [372].
In Australia (and New Zealand), approved indications for
VAD implantation fall into the first three categories. Glob-
ally, however, ‘destination” therapy has become the most
common indication for VAD implantation [373,374]. The first
RCT of LVAD therapy (REMATCH) was conducted in
‘destination’ patients, and demonstrated that implantation
of a pulsatile LVAD was associated with improved survival
and quality of life. There was, however, a greater than two-
fold increased risk of serious adverse events, including infec-
tion, bleeding, thromboembolism, and device malfunction
[173]. A second RCT (REMATCH II) compared a continuous-
flow LVAD with a pulsatile-flow LVAD in patients with
advanced CHF in whom current therapy had failed and
who were ineligible for heart transplantation [174]. Almost
80% of the patients were receiving intravenous inotropes and
20% were on intra-aortic balloon pump support at the time of
enrolment. The continuous-flow LVAD  significantly
improved the primary composite endpoint of survival free
from disabling stroke and reoperation to repair or replace the
device at 2 years (46% vs 11%, p < 0.001). Furthermore,
actuarial survival at two years was improved (58% vs
24%, p = 0.008) and major adverse events and rehospitalisa-
tions were less frequent.

More recent registry publications have reported further
improvements in  postimplant survival following

implantation of continuous-flow LVADs (about 80% at 1 year
and 70% at 2 years). Further advances in continuous-flow
pump design (from axial flow to magnetically levitated cen-
trifugal flow) appear to have further reduced the life-threat-
ening complications of pump malfunction and thrombosis
[375,376]; however, other life-threatening complications
including major bleeding (30-60%), infection (33%), and
stroke (10-20%) are still common [373-376]. Gastrointestinal
bleeding from angiodysplasia occurs in 15-20% of LVAD
recipients and appears to be related to the continuous-flow
haemodynamics. In the 2-year follow-up of the Momentum 3
trial, which randomised patients to the Heartmate 2 (axial
flow) or the Heartmate 3 (centrifugal) LVAD, the overall
event-free survival was superior in the Heartmate 3 cohort,
due mainly to reduced pump thrombosis requiring pump
exchange. The stroke rate was also significantly reduced with
Heartmate 3 (10% vs 19%); however, disabling stroke was
similar (7% vs 5%) [377].

Benefits and harms: LVAD support improves survival and
allows rehabilitation of selected patients with refractory
heart failure. Timing of implantation and patient selection
are critical to achieving a successful outcome. In Australia,
it provides a ‘bridge to transplantation’ in patients who
would otherwise die waiting. Longer-term harms including
disabling stroke, bleeding, and infection remain major
limitations.

9.6. Cardiac Transplantation

Recommendation: Referral for heart transplant assessment
should be considered in patients with heart failure associ-
ated with intractable NYHA Class III-IV symptoms who
have exhausted all alternative therapies and who do not
have overt contraindications, to decrease mortality.
(Strong recommendation FOR; low quality of evidence.)

Rationale: Heart transplantation is limited by donor organ
availability and can only occur after the altruistic donation of
the heart from a deceased donor. Recent developments in
donor heart preservation have broadened the potential donor
pool; however, the number of patients who might benefit
from heart transplantation still far exceeds the number of
potential donors [378,379]. Although there has never been a
randomised trial of heart transplantation in the management
of advanced heart failure, there is a general consensus that it
is the most effective treatment for selected patients with
refractory heart failure [380]. Patients with intractable NYHA
Class III-IV symptoms who have exhausted all alternative
therapies and who do not have overt contraindications
should be referred for heart transplant assessment. Interna-
tionally accepted indications and contraindications for trans-
plantation have recently been revised and are listed in
Table 12 [381]. Timing of referral in patients with heart failure
can be difficult to judge, but because these patients are at high
risk of developing complications that may exclude them from
heart transplant consideration (e.g., fixed pulmonary hyper-
tension, multiorgan failure), early referral is recommended.
Median survival for heart transplant recipients in Australia
and New Zealand is about 15 years [382].
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Table 12 Indications and contraindications for cardiac transplantation.

Indications

Relative contraindications

Definite

L]

Persistent NYHA Class IV symptoms

Volume of oxygen consumed per minute at
maximal exercise (VO, max) <14 mL/kg/min (VO,
max <12 for patients on beta blockers)

Severe ischaemia not amenable to revascularisation
Recurrent uncontrollable ventricular arrhythmia

Probable

Persistent NYHA Class III symptoms
Recurrent unstable angina with poor LV function
not amenable to revascularisation

Age >65 years in association with frailty

Active infection

Previous malignancy: collaboration with oncology specialists should
occur to stratify each patient by their risk of cancer recurrence. The
wait time for transplantation after neoplasm remission will depend on
the factors previously mentioned and no arbitrary time period for
observation should be used

Fixed high pulmonary pressures (pulmonary vascular resistance >4
Wood units, or mean transpulmonary gradient >12 mm Hg, or
pulmonary artery systolic pressure >60 mm Hg despite acute
vasodilator challenge). Patients with fixed pulmonary hypertension

Inadequate
e LVEF <20% without significant symptoms
e History of NYHA Class III or IV symptoms

may be considered for LVAD support as a bridge to candidacy with
the expectation that pulmonary resistance will fall after prolonged (3-6
mo) LVAD support

e VO, max >14 mL/kg/min. without other ® Severe cerebrovascular or peripheral vascular disease not amenable to

indication

revascularisation

e Current substance abuse (including tobacco and alcohol)

e Coexisting systemic illness likely to limit survival

e Severe and irreversible major organ dysfunction; patients may be

considered for combined organ transplantation

e Adverse psychosocial factors limiting compliance with medical therapy

® Recent pulmonary embolism (<6 wk)

e Diabetes mellitus with severe or progressive end-organ damage
e Morbid obesity (BMI >35 kg/m?)
® Unhealed peptic ulceration

BMI: body mass index, LV: left ventricle, LVAD: left ventricular assist device, LVEF: left ventricular ejection fraction, NYHA: New York Heart Association.

Benefits and harms: For patients with end-stage heart
disease, the benefits of heart transplantation both in terms
of overall quality of life and life expectancy far outweigh the
risks of the surgery itself or the harms related to lifelong
immunosuppression.

Practice advice

1. Clinicians are advised to contact the specialist centres
that provide these services regarding any patient with
heart failure who is responding poorly to conventional
medical or device therapy.

2. Transplant centres can also provide advice on manage-
ment of myocarditis and rarer cardiomyopathies, includ-
ing the roles of endomyocardial biopsy and
immunosuppression.

10. Comorbidities in Heart Failure

Most patients with heart failure have comorbidities. The
burden of comorbidity increases with age, and may exacer-
bate the disease process and clinical severity of heart failure,
impact on outcomes, and interfere with optimal heart failure
treatment. Patients with HFpEF have a higher burden of
comorbidities than patients with HFrEF, although the pattern
of disease is similar [383].

A structured framework has been proposed to acknowledge
that comorbidity is usually associated with a worse prognosis,
identify priorities and person-centred goals for management,
and consider multidisciplinary case management to address
multimorbidity [275]. Specialists from other fields will manage
many comorbidities, and other guidelines will apply.

10.1. Hypertension

Recommendation: Diltiazem, verapamil, and moxonidine
should be avoided in patients with HFrEF.

(Strong recommendation AGAINST; low quality of
evidence.)

Rationale: Hypertension is the most prevalent modifiable
risk factor for heart failure, and is a comorbidity in two-thirds
of all patients with heart failure [384]. A higher blood pres-
sure before treatment is a marker of better survival in patients
with heart failure, which is likely due to more severe heart
failure being associated with a lower blood pressure [385].
However, in a prospective cohort study in subjects with
incident heart failure, higher baseline blood pressure was
associated with worse outcomes [386], underscoring the
importance of blood pressure control in heart failure.

ACE inhibitors, ARBs, ARNIs, beta blockers, and MRAs all
have blood-pressure-lowering effects and decrease mortality
and heart failure hospitalisation in HFrEF [387]. Diuretics
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may also have a modest blood-pressure-lowering effect. The
addition of amlodipine [388], felodipine [389], and hydral-
azine [222] is safe in patients with HFrEF for the management
of hypertension, but they do not improve clinical outcomes
from heart failure. Verapamil and diltiazem can worsen out-
comes in patients with HFrEF [390], but can be used in
patients with HFpEF. Moxonidine increased mortality in
one trial in patients with HFrEF [391]. Alpha-adrenoceptor
antagonists cause neurohormonal activation, fluid retention
and worsening heart failure [392].
Practice advice

1. An ACE inhibitor, ARB or ARNI; and a beta blocker; and
an MRA are recommended in patients with HFrEF. Car-
vedilol may be the preferred beta blocker due to its
vasodilatory effects.

2. Optimally treated HFrEF is rarely associated with
hypertension.

3. Optimal control of blood pressure is important in the
treatment of HFpEF. An MRA, with or without an ACE
inhibitor or ARB may be preferred. Use diuretics and
venodilators cautiously as they may cause a fall in car-
diac output and hypotension.

4. Blood pressure targets in heart failure are those recom-
mended in hypertension guidelines [393].

10.2. Coronary Artery Disease and
Angina

Rationale: Coronary artery disease is the most common cause
of incident HFrEF and is present in up to half of all patients
with heart failure [14]. It is an adverse prognostic indicator
regardless of LVEF [394]. Angina is associated with greater
functional limitation and higher risk of coronary events [395].

Beta blockers [191] and ivabradine [200] decrease morbid-
ity and mortality in appropriate patients with HFrEF. Amlo-
dipine [388] and nitrates [222] have been shown to be safe in
HFrEF/LV dysfunction. Statin therapy has not been shown
to improve outcomes in heart failure [396,397].

Practice advice

1. Ensure patients with HFrEF are on maximally tolerated
or target doses of beta blockers (unless contraindicated).

2. If sinus rate is 70 bpm or above despite maximally
tolerated or target doses of beta blockers (unless contraindi-
cated), ivabradine should be considered in patients with
HFrEF associated with an LVEF of less than or equal to 35%.

3. The combination of nicorandil and a nitrate should be
avoided due to lack of additional efficacy.

4. Diltiazem and verapamil are unsafe in HFrEF [390]
(although they can be used in HFpEF).

5. Statins should not be used to treat heart failure, but can
be used in accordance with other guidelines.

10.3. Atrial Fibrillation

Recommendation: Determination of the risk of stroke to
guide the need for anticoagulation is recommended in
patients with AF.

(Strong recommendation FOR; high quality of evidence.)

Recommendation: Pharmacological therapy aiming for a
resting ventricular rate of 60-100 bpm should be consid-
ered in patients with heart failure associated with AF and a
rapid ventricular response (see Practice advice).

(Strong recommendation FOR; low quality of evidence.)

Recommendation: Catheter ablation for AF (either par-
oxysmal or persistent) should be considered in patients
with HFrEF associated with an LVEF of less than or equal
to 35%, who present with recurrent symptomatic AF, to
decrease mortality and hospitalisation for heart failure.
(Strong recommendation FOR; moderate quality of
evidence.)

Rationale: AF is common in patients with heart failure, and
its prevalence and incidence increases with increasing sever-
ity of heart failure. Prevalence ranges from 5% in NYHA
Class Iup to 50% in NYHA Class IV, with annual incidence of
2-5% (higher in more severe heart failure) [398]. AF is also a
common precipitant of heart failure, and conversely, heart
failure is the strongest predictor for AF, and AF can result in
myocardial dysfunction and heart failure [399]. AF in heart
failure is associated with an increased risk of stroke, as well
as higher mortality regardless of the type of heart failure
[400]. The combination of loss of the atrial kick and irregular
fast heart rhythm can reduce the cardiac output by up to 30%
[401].

AF is an under-recognised reversible cause of HFrEF,
particularly in patients who present with both conditions
in the absence of other identifiable causes such as valvular
or ischaemic heart disease. Although a randomised compar-
ison of rate compared with rhythm control using pharmaco-
logical strategies in AF in HFrEF did not demonstrate
superiority [402], this has been challenged by catheter abla-
tion studies. Several randomised studies comparing catheter
ablation for AF and medical rate control have demonstrated
significant improvements in LVEF, NYHA functional class
symptoms and reductions in BNP with catheter ablation
[403,404]. The greatest improvements in LVEF with catheter
ablation are seen in patients without delayed enhancement
on CMR [403].

Most recently, the Catheter Ablation vs Standard conven-
tional Treatment in patients with Left ventricular dysfunc-
tion and Atrial Fibrillation (CASTLE-AF) trial showed a
reduction in all-cause mortality and reductions in hospital-
isations for heart failure with catheter ablation in patients
with symptomatic paroxysmal and persistent AF and HFrEF
(LVEF <35%) (see Appendix 3) [405].

Some heart failure treatments prevent AF, including ACE
inhibitor, ARB, and beta blockers [406]. A meta-analysis
demonstrated that beta blockers in patients with HFrEF
associated with AF do not confer the mortality benefits seen
in sinus rhythm [407]. Class I antiarrhythmics and dronedar-
one have been associated with increased mortality in patients
with heart failure or coronary artery disease [408,409].

Benefits and harms: Catheter ablation has the benefits of
superiority in restoring sinus rhythm and survival advantage
without the long-term morbidity of pharmacologic rhythm
control agents such as amiodarone. However, catheter
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ablation may need to be repeated in 30-40% and may be
associated with complications in up to 5%.

Resources and other considerations: Catheter ablation is
not available at all Australian hospitals and should be per-
formed by experienced electrophysiologists with expertise in
complex mapping.

Practice advice

1. Treat reversible causes of AF (electrolyte imbalances,
hypothyroidism or hyperthyroidism, uncontrolled
hypertension, mitral valve disease).

2. Determine the risk of stroke and treat the patient with
anticoagulants, as required.

3. Aim for a ventricular rate of 60-100 bpm in patients with
heart failure associated with AF and a rapid ventricular
response.[410] Beta blockers and/or digoxin are gener-
ally favoured for ventricular rate control. Amiodarone or
nondihydropyridine calcium entry blockers may be con-
sidered in specific circumstances (see below).

4. Give oral beta blockers to control the ventricular rate of
AF if euvolaemic and not haemodynamically
compromised.

5. Give intravenous or oral digoxin to control the ventric-
ular rate of AF if congested or haemodynamically com-
promised or if the ventricular rate is not sufficiently
controlled with beta blockers.

6. Consider intravenous amiodarone (to control the ven-
tricular rate or facilitate cardioversion) or electrical car-
dioversion if haemodynamically unstable or if there is
insufficient ventricular rate control with the above
measures.

7. Consider nondihydropyridine calcium entry blockers in
patients with HFpEF to control the ventricular rate of
AF; however, these drugs should be avoided in patients
with HFrEF.

8. Consider oral amiodarone in patients with heart failure
associated with AF to facilitate attainment and mainte-
nance of sinus rhythm (with or without electrical car-
dioversion) to improve symptoms or guide decisions
regarding the need for more invasive approaches (e.g.,
AF catheter ablation or AV node ablation).

9. Consider catheter ablation in patients with recurrent
symptomatic AF particularly with newly diagnosed or
worsening HFrEF.

10. Consider AV node ablation with ventricular pacing if
ventricular rate insufficiently controlled on medical
therapy.

10.4. Diabetes

Recommendation: Thiazolidinediones (glitazones) are not
recommended in patients with heart failure due to the risk
that they will lead to worsening of heart failure.
(Weak recommendation AGAINST; moderate quality of
evidence.)

Rationale: Diabetes mellitus is an independent risk factor
for the development of heart failure [411] and affects 30-40%
of patients with heart failure [412]. Furthermore, diabetes is

associated with a poorer prognosis in patients with heart
failure that is independent of associated comorbidities [413].

In HFrEF, interventions that decrease morbidity and mor-
tality have similar benefit in the presence or absence of
diabetes [414]. A U-shaped curve between HbAlc and mor-
tality has been shown in patients with heart failure with
diabetes mellitus, with the lowest risk in patients with mod-
erate glycaemic control (HbAlc 7.1-8.0%) [415].

Metformin has been shown to be safe in heart failure
contrary to previous concerns [416]. It is contraindicated in
severe renal or hepatic impairment, due to a possible risk of
lactic acidosis. Thiazolidinediones (glitazones) cause sodium
and water retention, increasing the risk of worsening heart
failure and hospitalisation, although this may not be associ-
ated with an increased risk of cardiovascular death [417].

SGLT?2 inhibitors have been shown in two RCTs to have
beneficial effects in patients with type 2 diabetes at elevated
cardiovascular risk. Empagliflozin and canagliflozin both
decreased major cardiovascular events and heart failure hos-
pitalisation [47,48,418]. Similar benefits were observed in
patients with a pre-existing diagnosis of heart failure; how-
ever, the studies were not powered to assess this patient
subgroup. Trials examining the clinical efficacy of SGLT2
inhibitors in patients with heart failure (with or without
diabetes) are ongoing.

Insulin use causes sodium retention and can worsen heart
failure. Sulphonylureas have been associated with an
increased risk of developing heart failure; however, the pos-
sibility of indication bias cannot be excluded [419]. Dipepti-
dylpeptidase-4 (DPP-4) inhibitors have a neutral effect on
cardiovascular outcomes [420]. Saxagliptin was associated
with an increased risk of heart failure hospitalisation in a
large RCT [421]; however, this may not be a class effect. Long-
acting glucagon-like peptide 1 (GLP-1) agonists have been
shown to either have a neutral effect or decrease cardiovas-
cular events (but, not heart failure hospitalisation) in large
RCTs; however, their safety and efficacy in patients with
heart failure is uncertain [422].

Benefits and harms: The benefit of metformin outweighs
the risk, but it should be not be used in severe renal or hepatic
impairment. The risk of thiazolidinediones may outweigh
the benefits.

Practice advice

1. The aims with glycaemic control will depend on factors
including the patient’s age and comorbidities. Gradual
glucose lowering with moderate glycaemic targets is
appropriate, around HbAlc 7.1-8.0%.

2. Metformin is generally the first-line oral hypoglycaemic
agent if diet and lifestyle measures do not result in ade-
quate glycaemic control.

3. SGLT?2 inhibitors are preferred as second-line oral hypo-
glycaemic agent in patients with cardiovascular disease.
SGLT2 inhibitors have a diuretic effect (osmotic) and may
increase the effect of loop diuretics. Consider reducing
the dose of the diuretic in euvolaemic patients to avoid
further volume depletion.
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4. Insulin may cause sodium and fluid retention, which
may aggravate heart failure.

5. Sulphonylureas may be used with caution.

6. Increased heart failure hospitalisation has been observed
with saxagliptin.

10.5. Chronic Kidney Disease,
Hyperkalaemia, and Hypokalaemia

CKD is a powerful predictor of incident heart failure [423].
Moderate and severe renal impairment (usually defined as
eGFR <60 mL/min/1.73m? and <30 mL/min/1.73 m?,
respectively) and worsening renal function (defined as an
increase in creatinine of 0.3 mg/dL or 27 umol/L) are asso-
ciated with poor outcomes [424]. A large meta-analysis found
that CKD is present in over 60% of patients with heart failure,
and moderate to severe CKD is present in around 30% of
patients with heart failure [425]. Patients with severe renal
dysfunction have been excluded from most RCTs, so the
dosing, safety. and efficacy of most evidence-based therapies
is uncertain in this group. No medical therapies have been
shown to improve renal function; however, improvement in
cardiac function can improve renal function.

There is a U-shaped relationship between the serum potas-
sium level and mortality; however, what the ideal potassium
level should be is controversial. A large, nationwide registry
reported that a serum potassium level of 4.2 mmol/L to
4.7 mmol/L was associated with the lowest mortality in
patients with chronic heart failure [426]. However, it is
unclear what clinicians should do when levels fall outside
this range, especially if mildly elevated given the recognised
survival benefits of renin—angiotensin—aldosterone system
inhibition.

Practice advice

1. A rise in serum creatinine of up to 30% can be expected
on commencement of renin-angiotensin—aldosterone
system inhibitors and in isolation should not be a reason
to cease therapy.

2. Potentially reversible causes should be excluded in
patients with a deterioration in renal function, which
includes an evaluation of volume status, considering
the need for nephrotoxic drugs, and excluding renovas-
cular disease and urinary outflow tract obstruction.

3. Renin-angiotensin-aldosterone inhibitors should be
temporarily ceased when acute hyperkalaemia occurs
(K >6.0 mmol/L) and should be carefully reintroduced
when potassium levels normalise.

4. Patients should be instructed on dietary measures to
increase (if hypokalaemic) or decrease (if hyperkalaemic)
their potassium intake.

5. Potassium binders can decrease the risk of recurrent
hyperkalaemia in heart failure, and may be considered.

10.6. Hyponatraemia

Hyponatraemia is present in about 20% of hospitalised HF
patients, and independently predicts prolonged hospital stay
and post-discharge mortality [427]. Hyponatraemia in heart

failure is predominantly dilutional, secondary to neurohor-
monal activation, particularly activation of arginine vaso-
pressin which results in water retention and volume
overload [428]. Less commonly, diuretics including thia-
zides, spironolactone and loop diuretics are the cause. The
severity of hyponatraemia reflects the degree of neurohor-
monal activation, and development is usually gradual with
subtle clinical manifestations compared with abrupt onset
hyponatraemia.

Arginine vasopressin type 2 receptor antagonists, includ-
ing tolvaptan, rapidly correct symptomatic hyponatraemia
with hypervolaemia and congestion by promoting electro-
lyte-free diuresis through the kidneys via blockade of vaso-
pressin receptors. No reduction in rehospitalisation or
mortality has been shown [429].

Practice advice

1. Hyponatraemia is considered to be serum sodium below
normal (<135 mmol/L). Correction of hyponatraemia in
heart failure is rarely urgent due to its chronicity. Poten-
tially reversible causes should be excluded, and volume
status assessed. Fluid restriction should be considered
unless hypovolaemic. Reconsider the need for diuretics
(unless overloaded).

2. In patients with heart failure and resistant hyponatrae-
mia (serum sodium <130 mmol/I), the use of arginine
vasopressin type 2 receptor antagonists may be consid-
ered to reverse hyponatraemia and assist in aquaresis.
They can be used in hypervolaemic or euvolaemic hypo-
natraemia, but are contraindicated in hypovolaemic
hyponatraemia.

10.7. Obesity

Obesity is present in one-third to one-half of patients with
heart failure [384]. Obesity is a risk factor for the develop-
ment of heart failure [430]. There is a U-shaped curve for
mortality in heart failure, with the lowest risk for overweight
patients with heart failure with body mass index (BMI) 30.0—
34.9 kg/m? [431]. It is not clear why survival is better, but
proposed reasons include the additional adipose tissue pro-
viding greater reserves against catabolic changes associated
with the progression of heart failure, or that obese patients
have more functional impairment and present earlier with
their heart failure [432]. Furthermore, this may vary accord-
ing to the type of heart failure, with a recent analysis from the
TOPCAT trial reporting a higher mortality in patients with
HFpEF associated with abdominal obesity compared to those
without abdominal obesity [433].

Prospective large-scale studies that examine the outcome
of weight loss by diet, exercise, or bariatric surgery in obese
patients with heart failure have not been performed [432].
One small retrospective study found bariatric surgery to be
safe in heart failure with morbid obesity [434].

Practice advice

1. Obesity can complicate the diagnosis of heart failure, as
an alternative cause of exercise intolerance, and is asso-
ciated with lower natriuretic peptide levels.
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2. For moderate obesity (BMI <35 kg/m?), weight loss is
not recommended in patients with HFrEF.

3. For severe obesity (BMI >35 kg/ m?), weight loss may be
considered for symptomatic benefit and to improve exer-
cise capacity. Consider referral to an appropriate multi-
disciplinary team.

10.8. Chronic Obstructive Pulmonary
Disease and Asthma

Around 20% of patients with heart failure have coexisting
COPD [384,435]. COPD is under-recognised in patients with
heart failure [436] and negatively impacts on prognosis [437].

Beta-2-agonists or antimuscarinic agents are the mainstay
of COPD treatment; however, beta-2-agonists exert the oppo-
site effect of beta blockers and may decrease their beneficial
effects in heart failure [438]. Beta-2-agonists do not improve
mortality in COPD; they are cardio-active and may be harm-
ful in heart failure [438]. Inhaled salmeterol improved forced
expiratory volume (FEV) 1 in a small study in eight patients
with NYHA II or IIT heart failure [439]. Inhaled corticoste-
roids have a better side effect profile than oral steroids [440].
Use of oral corticosteroids can increase fluid retention, and
doses over 20 mg/day have been associated with acute
decompensated heart failure [440].

Observational studies have shown that beta blockers
decrease mortality in patients with heart failure associated
with COPD [441], but RCTs have not been performed. Bron-
choconstriction is mediated by beta,-adrenoceptor blockade,
and cardio-selective beta; blockers do not worsen symptoms
in COPD, do not alter forced expiratory volume in 1 second
(FEV1) and do not alter the FEV1 treatment response to long-
acting betay-agonists (LABA) [442]. Beta blockers are under-
used in heart failure when concomitant COPD is present
[443]. The concern with beta blockers in asthma stems from
reports of acute bronchospasm in asthmatics given nonselec-
tive beta blockers [438].

Practice advice

1. Carefully assess the cause of dyspnoea and objectively
document airflow obstruction. Spirometry is a key inves-
tigation used to diagnose COPD, but may be difficult to
interpret, especially in patients who have suffered a
recent decompensation.

2. Beta blockers can be safely used in most patients with
COPD.

3. Antimuscarinic agents are preferred over beta-2-ago-
nists. Use inhaled beta-2-agonists for symptom relief
only. Minimise the dose and frequency. Avoid oral
beta-2 agonists.

4. Inhaled corticosteroid and/or a long-acting antimuscar-
inic drug such as tiotropium, glycopyrronium, aclidi-
nium, or umeclidinium can be substituted in patients
requiring regular inhaled beta-2-agonists.

5. Oral corticosteroids cause sodium and water retention;
however, inhaled corticosteroids do not.

6. Theophylline is not recommended for patients with heart
failure.

7. Asthma is a relative contraindication to beta blockers.
Start with a low dose of a more cardio-selective B1 adre-
noceptor antagonist (bisoprolol, metoprolol, or nebivo-
lol), with close follow-up for airway obstruction (e.g.,
increasing dyspnoea or cough, wheeze, monitoring of
peak flows, repeat spirometry). Specialist supervision
is recommended.

8. Ivabradine can be considered if beta blockers cannot be
used and sinus rate is at least 70 bpm.

10.9. Sleep-disordered Breathing

Recommendation: Adaptive servoventilation is not recom-
mended in patients with HFrEF and predominant central
sleep apnoea because of an increased all-cause and cardio-
vascular mortality.

(Strong recommendation AGAINST; moderate quality of
evidence.)

Rationale: Sleep-disordered breathing affects 50-75% of
patients with heart failure [444,445] and is an adverse prog-
nostic marker [446]. The primary indication to treat sleep
apnoea in the general population is to improve quality of life
and decrease sleepiness [447]. However, excess daytime
sleepiness is relatively uncommon in patients with heart
failure associated with sleep apnoea.

In one RCT, despite attenuation of central sleep apnoea
(CSA) and improved nocturnal oxygenation with CPAP in
patients with HFrEF associated with predominant CSA,
CPAP did not improve transplant-free survival. There were
improvements in exercise capacity, but no improvement in
quality of life or hospitalisation rates [448]. In another RCT,
adaptive servoventilation in patients with HFrEF associated
with predominant CSA was neutral on the composite pri-
mary endpoint (all-cause death and lifesaving cardiovascular
intervention—that is, cardiac transplantation, VAD, resusci-
tation after cardiac arrest, appropriate lifesaving shock,
unplanned hospitalisation for worsening heart failure), but
led to an increased all-cause and cardiovascular mortality
[449].

A meta-analysis of RCTs evaluating positive pressure ven-
tilation in patients with HFrEF associated with predominant
obstructive sleep apnoea reported an increase in LVEF [450];
however, there have been no completed major outcome
studies. In a large RCT, CPAP in patients with cardiovascular
disease and predominant obstructive sleep apnoea failed to
improve major cardiovascular outcomes (cardiovascular
death, MI, stroke, or hospitalisation for unstable angina,
heart failure, or transient ischaemic attack); however, there
were improvements in quality of life and mood [451].

Therefore, while clinicians may consider positive pressure
ventilation to improve quality of life and decrease sleepiness
in patients with predominant obstructive sleep apnoea, the
primary aim in patients with predominant CSA should be to
treat the heart failure [452,453]. Other approaches including
phrenic nerve stimulation, lateral or semirecumbent posi-
tional therapy, and respiratory stimulants such as acetazol-
amide have either shown promise or are undergoing further
evaluation [454-458].
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Benefits and harms: The harms of adaptive servo-ventila-
tion outweigh the benefits in HFrEF.
Practice advice

1. If sleep apnoea is suspected, referral to a sleep physician
is indicated.

2. Predominant obstructive sleep apnoea with nocturnal
hypoxaemia and apnoea/hypopnoea index over 30 per
hour in patients with heart failure may be treated with
nocturnal oxygen supplementation, CPAP, BiPAP or
adaptive servo-ventilation to improve quality of life
and decrease sleepiness.

3. The primary aim in patients with predominant CSA
should be to treat the heart failure.

10.10. Gout

Gout is common in heart failure, and is a risk factor for
incident heart failure [459]. Hyperuricaemia is present in
37-54% of patients with heart failure [460] and elevated
plasma urate levels are an adverse prognostic marker in
moderate to severe heart failure [461].

NSAIDs and cyclo-oxygenase (COX)-2 inhibitors cause
sodium and water retention, increase hospitalisations for
heart failure and worsen renal function [462]. Many heart
failure drugs affect uric acid levels [463]. Diuretics (loops and
thiazide) can cause or exacerbate gout, although spironolac-
tone does not alter uric acid levels. Losartan has a modest
uricosuric effect. Two RCTs in which xanthine oxidase inhi-
bition was evaluated in patients with HFrEF failed to dem-
onstrate improved outcomes including mortality and quality
of life [464,465].

Practice advice

1. Acute gout—treat with colchicine or a short course of oral
prednisolone. Avoid or minimise use of NSAIDs and
COX-2 inhibitors in heart failure. For monoarticular gout,
intra-articular steroids can be considered, but is contra-
indicated in the presence of anticoagulation.

2. Prevention—use allopurinol to lower uric acid after an
acute gout episode has completely resolved, and aim for
serum urate level of less than 0.36 umol/L (6 mg/dL), or
0.30 pmol/L (5 mg/dL) if tophi are present. Commence
allopurinol at low dose and titrate upwards. Low dose
colchicine may be required for the first 2-3 months to
avoid precipitating gout when starting allopurinol.
Lower doses of allopurinol are required to obtain this
urate level in renal impairment. Address lifestyle includ-
ing diet.

3. Febuxostat can be used if allergic or intolerant to allopu-
rinol. Starting dose is 40 mg; increase to 80 mg if serum
urate is greater than 0.36 umol/L after 2-4 weeks.

4. Asymptomatic hyperuricaemia does not require
treatment.

10.11. Arthritis

Rationale: Osteoarthritis and rheumatoid arthritis are com-
mon comorbidities in elderly patients with heart failure [383].
Rheumatoid arthritis affects 1% of the population and is

associated with increased cardiovascular risk and risk of
heart failure. Pain and joint deformities contribute to physical
inactivity which can worsen heart failure clinical status.

NSAIDs are associated with an increased risk of heart
failure in the elderly [466], and two major clinical trials of
celecoxib were stopped early due to cardiovascular concerns
[467,468]. Tumour necrosis factor (TNF) inhibitors were
shown in one study to decrease the risk of heart failure in
patients with rheumatoid arthritis [469]. However, they do
not improve outcomes in patients with heart failure and
should be used with caution [470].

Practice advice

1. Patients with severe systolic dysfunction or hyponatrae-
mia should not be treated with large doses of COX
inhibitors (both nonselective and COX-2 selective) for
arthritis, as they may increase the risk of worsening CHF.

2. TNF inhibitors should be used cautiously for rheumatoid
arthritis only if symptoms of heart failure are well con-
trolled, with close follow-up.

10.12. Depression

Depression is common in heart failure, is clinically significant
in around 20%, and is more common in inpatients than
outpatients [471]. Depression is a risk factor for incident heart
failure [472], and is an adverse prognostic marker in heart
failure [473]. Diagnosis can be complicated by overlap of
symptoms with heart failure. Screening for depression
should be undertaken using a validated questionnaire, such
as the Patient Health Questionnaire-9. Alternatively, the
PHQ-2 can be used as an initial screen, and if either question
is positive, one may proceed to the PHQ-9 [474].

An RCT evaluating cognitive behaviour therapy (CBT) in
patients with heart failure associated with comorbid major
depression reported a reduction in symptoms of depression
and improved health-related quality of life [475]. A meta-
analysis of CBT trials found greater improvement in depres-
sion scores immediately after CBT and at 3 months, com-
pared with usual care, but there was no difference in
hospitalisation and mortality [476]. An RCT evaluating a
selective serotonin reuptake inhibitor (SSRI) (sertraline) in
patients with HFrEF associated with clinical depression dem-
onstrated the safety of sertraline, but the reduction in symp-
toms of depression was similar to placebo, and there was no
significant effect on cardiovascular status [477].

Another RCT with SSRI (escitalopram) did not improve
symptoms of depression compared with placebo, and did not
improve cardiovascular outcomes [478]. A meta-analysis of
RCTs evaluating exercise training in patients with heart
failure associated with symptoms of depression reported a
reduction in symptoms of depression [479].

Practice advice

1. Regularly screen for depression using a validated
questionnaire.

2. CBT, pharmacological treatment and exercise training
may be considered in patients with heart failure associ-
ated with depression.
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3. SSRIs are the safest choice if pharmacological treatment is
used.

4. Avoid tricyclic antidepressants, which can cause tachyar-
rhythmias, hypotension, and worsening heart failure.
Citalopram and mirtazapine can prolong corrected QT
(QTc) and cause torsades de pointes.

10.13. Anaemia

Recommendation: Erythropoietin should not be used rou-
tinely for the treatment of anaemia in patients with heart
failure because of an increased risk of thromboembolic
adverse events.

(Strong recommendation AGAINST; moderate quality of
evidence.)

Rationale: Anaemia is defined by the World Health Orga-
nization as: Hb <120 g/L in females and Hb <130 g/L in
males [480]. Anaemia is present in about one-third of patients
with chronic heart failure [481]. It is an independent predic-
tor of increased hospitalisations and mortality regardless of
the type of heart failure [482], and associated with reduced
exercise tolerance [483] and quality of life [484].

Anaemia and iron deficiency (defined as ferritin <100 g/
L, or ferritin 100-300 Lg/L with transferrin saturation <20%)
are both highly prevalent in patients with heart failure, and
often overlap, but can be present independently. Iron defi-
ciency is the most common cause of anaemia, but vitamin B12
and folate deficiency and CKD can contribute. Anaemia can
be complicated by haemodilution, inflammation, and the use
of cardiovascular medications [485].

A meta-analysis of small trials comparing erythropoiesis
stimulating agents with placebo did not show improvements
in mortality, cardiovascular events, or hospitalisations [486].
A randomised double-blind trial of darbepoetin alpha com-
pared with placebo in patients with an LVEF of less than or
equal to 40% with a target Hb of 13.0 g/dL reported no effect
on the primary outcome of death or first hospitalisation for
heart failure, but was associated with a significant increase in
thromboembolic adverse events [487].

Benefits and harms: The potential harms of erythropoiesis
stimulating agents in heart failure outweigh the benefits for
routine use.

Practice advice

1. Treat reversible causes of anaemia; e.g., blood loss, iron
or vitamin B12 or folic acid deficiency (refer to the next
section for the management of iron deficiency).

2. Referral to a haematologist or renal physician for con-
sideration of erythropoiesis stimulating agents may be
considered in patients with CKD.

10.14. Iron Deficiency

Recommendation: In patients with HFrEF associated with
persistent symptoms despite optimised therapy, iron stud-
ies should be performed and, if the patient is iron deficient
(i.e. ferritin <100 pg/L, or ferritin 100-300 jLg/L with trans-
ferrin saturation <20%), intravenous iron should be con-
sidered, to improve symptoms and quality of life.

(Strong recommendation FOR; moderate quality of
evidence.)

Rationale: Iron deficiency (serum ferritin <100 mg/L or
ferritin between 100 and 300 mg/L with transferrin satura-
tion <20%) is at least twice as common in heart failure as
anaemia, and is present in about 50% of patients with heart
failure [488]. While the prevalence is higher in patients with
heart failure who are anaemic (about 60%), it is still common
in patients who are not anaemic (about 45%) [488]. Iron
deficiency is itself an independent prognostic indicator,
whether or not anaemia is also present, and is associated
with reduced exercise tolerance, reduced quality of life,
increased risk of hospitalisation and mortality [488,489].

Treatment of iron deficiency in patients with HFrEF with
intravenous iron was shown in a meta-analysis of RCTs to be
associated with improved heart failure symptoms, exercise
capacity, quality of life, renal function, NYHA functional
class, LVEF, and decreased heart failure hospitalisation
and NT-pro BNP [490]. The effects on mortality are uncertain.
An RCT comparing intravenous iron given for 24 weeks with
placebo reported improved exercise capacity measured by
peak VO, in symptomatic patients with stable heart failure
[491]. Total doses of ferric carboxymaltose of 1000-1500 mg
have been used in studies in HFrEF [492]. Oral iron alters iron
stores minimally and, when compared with placebo, did not
improve exercise capacity in patients with HFrEF associated
with iron deficiency, probably due to reduced absorption and
reduced uptake secondary to the effects of hepcidin [493].

Benefits and harms: The benefit of intravenous iron replace-
ment outweigh the potential harms; however, in patients who
are congested, clinicians should monitor fluid status, and
favour lower volume infusion. Long-term effects are uncertain.

Resources and other considerations: Appropriate facilities
are required to administer intravenous infusions with
monitoring.

Practice advice

1. Clinicians should consider measuring iron studies and a
full blood count in patients with persistent HFrEF.

2. If iron deficiency is diagnosed, one should consider
investigation for gastrointestinal pathology, including
peptic ulcer and malignancy (especially if also anaemic).

3. In the studies demonstrating the benefits of intravenous
iron in HFrEF, iron deficiency was usually defined as
serum ferritin of less than 100 mg/L or ferritin 100-
300 mg/L with transferrin saturation (TSAT) of less than
20%. Two different ranges are provided because ferritin
is an acute phase reactant, and may become elevated in
the presence of inflammation. A TSAT of less than 20%
indicates functional iron deficiency, with insufficient cir-
culating iron to supply metabolising cells.

4. Intravenous iron should be considered in patients with
HFrEF associated with iron deficiency with or without
anaemia. Recheck iron studies after 4 months.

5. Intravenous ferric carboxymaltose was evaluated in most
of the randomised controlled studies, usually involving
one to two doses between 500 and 1000 mg [494].
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6. Oral iron supplementation is ineffective at normalising
iron status or improving quality of life in patients with
HFrEF.

11. Chemotherapy-related
Cardiotoxicity and Heart Failure

Cancer therapies have been more effective in recent years,
and with cancer screening programs, early diagnosis, and
novel therapies, cancer survival rates are increasing
[495,496]. There are several cardiovascular complications
that may occur secondary to cancer therapy, including myo-
cardial dysfunction and consequent heart failure, hyperten-
sion, arrhythmias, coronary artery disease, valvular and
pericardial disease, thromboembolism, and pulmonary
hypertension. Cardiotoxicity as currently defined in guide-
lines is limited to alterations in LVEF in the resting state [497];
a drop in LVEF by 10% compared to baseline to less than 53%
in asymptomatic patients, or a drop of 5% compared to
baseline to less than 53% in symptomatic patients, is
regarded as cardiotoxicity. This section will mainly focus
on LV dysfunction and consequent heart failure secondary
to chemotherapy.

11.1. Medications That Cause
Cardiotoxicity

There are several changes observed inthe cardiovascular
system consequent to cancer therapies, including alteration
in LV function and in haemodynamics [498]. LV dysfunction
has broadly been classified into irreversible LV dysfunction
(type 1 cancer therapeutics-related cardiac dysfunction
[CTRCD]) or to a more transient LV dysfunction that is
reversible (type 2 CTRCD) [499]. The former is thought to
be consequent to myocyte apoptosis and usually due to
chemotherapy, while the latter is thought to be consequent
to myofibrillar dysfunction and is more commonly seen with
targeted therapies [499].

11.1.1. Chemotherapy

11.1.1.1. Anthracyclines. Anthracyclines remain the corner-
stone of treatment of breast cancer, lymphoma, leukaemia,
and sarcoma; they are an antibiotic group derived from
Streptomyces bacteria [500]. Commonly used anthracyclines
include doxorubicin, epirubicin, daunorubicin, mitoxan-
trone, and idarubicin [498]. There are several mechanisms
by which anthracyclines induce cardiotoxicity, including
oxidative stress through the production of excess free rad-
icals [501], modulation of topoisomerase-2 beta activity
[502], alteration in multidrug-resistant efflux proteins
[503] and a decrease in cardiac mesenchymal and circulat-
ing progenitor cells [504]. The cardiotoxic effects of anthra-
cycline are largely related to their cumulative administered
dose.

11.1.1.2. Platinum-based Therapies. Cisplatin is commonly
used to treat solid tumours (genitourinary, testicular, lung,
head and neck, and gastrointestinal). Vascular toxicity is

one of the most concerning side effects [505], and includes
hypertension, dyslipidaemia, early atherosclerosis, coronary
artery disease, and thromboembolic events [506]. However,
in the absence of concurrent therapy with anthracyclines,
development of LV systolic dysfunction has only been
reported in rodents [507].

11.1.1.3. Antimetabolites (5-flurouracil). 5-Fluorouracil is
an antimetabolite, with myocardial ischaemia being the most
common cardiovascular complication [508]. Symptoms are
more common in patients with underlying coronary artery
disease. Cardiomyopathy or heart failure has not been spe-
cifically reported.

11.1.1.4. Taxanes. Taxanes (paclitaxel and docetaxel) are
multitubule inhibitors, used in the treatment of solid
tumours (breast and ovarian). Arrhythmias (bradycardia,
AF, atrial flutter, and atrial tachycardia) are the most com-
monly observed cardiovascular complications [509]. There
are some reports of taxane treatment and LV dysfunction
[510]; however, it is more likely that taxanes contribute to a
higher incidence of LV dysfunction when used in conjunc-
tion with anthracyclines or trastuzumab.

11.1.1.5. Cyclophosphamide. Cyclophosphamide is an
alkylating agent that has cardiotoxic effects, including devel-
opment of LV dysfunction and heart failure [511]. The spe-
cific cardiotoxic effects appear to be associated with
administration of a single higher dose of the drug rather
than its cumulative dose.

11.1.2. Targeted Agents

11.1.2.1. HER2-targeted Agents. This group of drugs spe-
cifically targets HER 2/neu receptors, including trastuzu-
mab, lapatinib, pertuzamab, and ado-trastuzumab
emtansine. Their most serious side effect is myocardial dys-
function and heart failure. The primary mechanism for car-
diotoxicity is mediated by disruption of the neuregulin-
ERBB2 signalling pathway on cardiomyocytes, which is
critical for normal myocyte growth and survival [512].
Additionally, they increase noradrenaline (norepinephrine)
levels, with an increase in heart rate and blood pressure [513].
Trastuzumab, when administered concomitantly with
anthracyclines, was associated with a 27% incidence in heart
failure [514]. The incidence of heart failure was significantly
reduced when trastuzumab was not concurrently adminis-
tered with anthracyclines, although cardiotoxic effects are
enhanced with previous administration of anthracyclines
[515].

11.1.2.2. Tyrosine Kinase and Angiogenesis Inhibitors.
These include inhibitors of vascular endothelial growth fac-
tor (VEGF) such as bevacizumab, as well as small molecule
VEGEF receptor tyrosine kinase inhibitors (TKI) (e.g., lapati-
nib, imatinib, sunitinib, sorafenib, and desatinib). These
agents all cause an increase in blood pressure, and the hy-
pertensive effects appear dose related [516]. Arterial throm-
boembolism is increased [517] and cardiac contractile
dysfunction has been reported with treatment with bevaci-
zumab [518]. Other TKIs, such as sunitinib, have been asso-
ciated with myocardial dysfunction [519,520].
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11.2. Frequency of Cardiotoxicity

As cancer survivorship increases, there will be an increase in
chemotherapy-related cardiotoxicity. Importantly, with both
adjuvant radiation and administration of newer agents, a
combined and enhanced cardiotoxic effect is likely observed
compared with that of standard chemotherapy regimens.
Moreover, with a worldwide ageing population, cancer
patients in the older age groups are likely to have a higher
incidence of cardiovascular disease and cardiac risk factors.

Long-term childhood cancer survivors had about 15-fold
increased rates of CHF compared with controls [521]. It is
likely that older adults, with an increased number of cardio-
vascular risk factors have a greater potential for development
of heart failure when exposed to chemotherapy.

Clinical trials have reported relatively low incident rates
(<5% for heart failure and <10% for LV dysfunction) [522].
However, epidemiologic data report a higher incidence,
likely due to associated comorbidities, duration of follow-
up and adjuvant therapies. Data from the Surveillance, Epi-
demiology, and End Results (SEER) database review of
elderly breast cancer patients reported that the cumulative
incidence of heart failure at 10 years was 38% after anthra-
cyclines, 32.5% with nonanthracycline chemotherapy regi-
mens and 29% with no adjuvant chemotherapy [523]. Heart
failure also occurs with several other traditional chemother-
apeutic agents, including cyclophosphamide and docetaxel.
LV dysfunction consequent to targeted therapies has been
well documented in up to 4% of patients in clinical trials in
which trastuzumab was added to traditional chemotherapy
[524]. Cardiac dysfunction has less commonly been reported
with angiogenesis inhibitors, including bevacizumab and
sunitinib.

11.3. Risk Factors for Developing
Cardiotoxicity

11.3.1. Cumulative Dose

There is a clear correlation between cumulative dose received
and the development of cardiotoxicity for anthracyclines, with
incidence of cardiotoxicity noted to be 5%, 26%, and 48% at
cumulative doses of 400 mg/ m?, 550 mg/ m?, and 700 mg/ m?,
respectively, in a meta-analysis of three trials [525]. Nonethe-
less, LV dysfunction has been documented even at doses below
the current threshold of 450 mg/ m? [499].

11.3.2. Age

Patients at extremes of age (<18 years or >65 years) are also
considered at increased risk; a recent report demonstrated
that children with heart failure following chemotherapy had
earlier morbidity and increased mortality compared with
adults who had received similar therapy [526]. The SEER
database showed that the likelihood of anthracycline
induced heart failure almost doubles with each 10-year
increase in age [523,527].

11.3.3. Other Risk Factors
Patients with pre-existing cardiovascular disease, risk factors
for cardiac disease and those who had received previous or

concurrent radiotherapy are at increased risk [525]. As pre-
viously mentioned, combination chemotherapy (i.e. anthra-
cyclines with trastuzumab or taxanes) may increase the risk
of cardiotoxicity [527].

11.4. Early Detection of Cardiotoxicity

11.4.1. Biomarkers

Several cardiac biomarkers have been considered, including
cardiac troponin, C-reactive protein, and natriuretic peptide.
Of these, cardiac troponin has been shown to be the most
useful marker of cardiotoxicity. Troponins are early markers
of myocardial damage, with levels increasing in 2-3 hours
[528-530]. Although there is little variability with measure-
ment of troponin, the exact timing related to administration
of chemotherapy and extent of variation in biomarker level
has not been defined. Serial troponin I was measured before,
within three days of chemotherapy (early) and at 1 month
after chemotherapy (late) in 703 patients who were followed
up for over 3 years. Patients with late elevation in troponin
had the highest incidence of LV dysfunction and adverse
events (84%) vs those with an early increase in troponin with
subsequent normalisation (37%) vs those with no change in
serial troponin (1%) [528]. More recently, high sensitivity (hs)
assays have been used to measure troponin levels, and an
increase in the absolute value of troponin after completion of
anthracycline therapy was found to be associated with the
highest risk of cardiotoxicity [510].

11.4.2. Imaging

Echocardiography is the most widely available and com-
monly used imaging modality to evaluate cardiac function.
LVEF is the most common measure of cardiac function.
However, this measurement has technical limitations,
including reliance on image quality, geometric assumptions,
load dependency, and test-retest variability, making it less
suitable for early detection of cardiotoxicity [531]. More
recently, the development of strain analysis that evaluates
myocardial deformation has been shown to be a more sensi-
tive measure of LV dysfunction [531]. Several studies have
shown an alteration in LV strain following cancer therapy in
the absence of significant alterations in LVEF [532-534]. A 10—
15% relative reduction in two-dimensional speckle tracking
strain had the highest correlation with a subsequent reduc-
tion in LVEF [531]. Current guidelines indicate that a relative
reduction in global longitudinal strain of less than 8% of
baseline value suggests no LV dysfunction, whereas a reduc-
tion of more than 15% of baseline value would suggest
subclinical LV dysfunction [497].

Multiple gated acquisition scans (MUGA) have also been
used, and although there is less observer variability, this
approach is not sensitive to early chemotherapy-related
changes in myocardial function, with the additional disad-
vantage that patients are subjected to radiation [525].

CMR is the gold standard for measurement of LV volumes
and LVEF, with image quality not limited by acoustic win-
dows [535] and its unique capability for tissue characterisa-
tion [536]. Early gadolinium enhancement [537], as well as T1
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and T2 mapping techniques, have demonstrated early alter-
ations in humans [538] and animal models [539]. At present,
however, what is lacking are large prospective data with
specific cut-offs to define significant cardiac dysfunction,
as well as correlation of early changes with subsequent
development of LV dysfunction and heart failure [535].

11.5. Prevention and Treatment of
Cardiotoxicity

Prevention of cardiotoxicity is largely based on close monitor-
ing, limiting the cumulative dose of chemotherapeutic agent,
and avoiding concomitant therapy (i.e. trastuzumab and
anthracyclines). Administration of anthracyclines as an infu-
sionrather thanas abolus has alsobeen demonstrated toreduce
toxic effects. Dexrazoxane has been used as a specific therapy to
reduce cardiotoxicity, especially in patients with metastatic
breast cancer who may require more than standard therapy
(>300 mg/m? of doxorubicin) with anthracyclines [540].

The treatment of cardiotoxicity is similar to the treatment
of HFrEF and asymptomatic LV systolic dysfunction includ-
ing ACE inhibitors, ARBs, beta blockers and MRAs [541,542].

Several RCTs have evaluated whether various agents includ-
ing ACE inhibitors or ARBs, beta blockers, MRAs and statins
can prevent a subsequent reduction in LVEF in patients who
havereceived chemotherapy [543-555]. These studies reported
conflicting results, were generally small, and were insuffi-
ciently powered to evaluate the effect on clinical outcomes.

Benefits and harms: Given the uncertainty of benefit, and
that these agents may increase the risk of hypotension, renal
impairment and electrolyte abnormalities, their routine pre-
scription cannot be recommended at this point in time in the
absence of another indication.

Practice advice

1. Patients receiving chemotherapy that may be associated
with cardiotoxicity should have regular monitoring of LV
function to allow early detection and management of
cardiotoxicity.

2. The frequency of monitoring depends on the agent and
dose administered and the results of previous investiga-
tions. As a minimum, this would often involve monitor-
ing at 3-monthly intervals while receiving chemotherapy,
6 months following completion of chemotherapy, and
prior to additional chemotherapy.

3. Patients who develop cardiotoxicity should be managed
in the same way as other patients with HFrEF or asymp-
tomatic LV systolic dysfunction.

4. If a decision is made to reduce the dose of or cease the
chemotherapeutic agent, this should be reevaluated if left
ventricular function improves in response to HFrEF
therapy.

12. Treatment of Heart Failure
With Recovered Ejection Fraction

Recommendation: Unless a reversible cause has been cor-
rected, neurohormonal antagonists (ACE inhibitors or

ARBs or ARNIs, beta blockers, and MRAs) should be
continued at target doses in patients with heart failure
associated with a recovered or restored ejection fraction,
to decrease the risk of recurrence.

(Strong recommendation FOR; low quality of evidence.)

Rationale: There is no consensus definition for heart failure
with recovered ejection fraction, with a variable cut-point in
the literature for LVEF (>40% to >50%). Patients who
respond well to heart failure therapies have a better progno-
sis. However, cardiac function may not be normal despite a
normal LVEF, with studies showing persistent abnormalities
in biomarkers, abnormal functional capacity, and poor con-
tractile reserve in patients with a normal LVEF. Unless a
reversible cause has been corrected, recovery is likely to
represent remission rather than cure in most cases, and
cessation of neurohormonal antagonists may lead to clinical
deterioration.

Three small clinical trials of beta blocker withdrawal in
heart failure with recovered ejection fraction were associated
with decreases in ejection fraction, and recurrence of heart
failure and deaths; a retrospective study identified cessation
of heart failure medications as the only predictor of recur-
rence in heart failure with recovered ejection fraction [556].
There have been no studies of ACE inhibitor or aldosterone
antagonist withdrawal in heart failure with recovered ejec-
tion fraction.

Benefits and harms: The benefits of continuing beta block-
ers and renin-angiotensin—aldosterone inhibitors outweigh
the potential harms of withdrawing either or both classes of
drug.

Practice advice

1. Loop diuretics and thiazides may be weaned and ceased
as tolerated, unless there is another indication (e.g.,
hypertension).

2. Cessation of neurohormonal antagonists can be consid-
ered in certain circumstances with specialist advice and
close monitoring, such as heart failure with recovered
ejection fraction due to peripartum cardiomyopathy,
alcohol, and treated thyroid disease, where there are
no other indications for these treatments (e.g., hyperten-
sion or vascular disease).

3. If neurohormonal antagonist dose is reduced or ceased,
close follow-up (e.g., natriuretic peptides, serial imaging
of LV size and function) should be undertaken or
considered.

13. Special Situations

13.1. Driving

The AusRoads Assessing Fitness to Drive Guidelines [557]
address medical standards for private and commercial
licenses. In general, people with heart failure cannot hold
an unconditional license, and periodic medical review is
required at least annually. Implantable cardiac defibrillators
pose a risk of sudden incapacity related to cardiac arrest and
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risk of inappropriate discharge. This risk is considered unac-
ceptable for a commercial license, whether the ICD is for
primary or secondary prevention. The driver license author-
ity may consider the advice of an independent specialist in
electrophysiology in exceptional circumstances.

13.2. Travel

Air travel is not recommended if symptoms of heart failure
are poorly controlled. Patients with stable chronic heart fail-
ure and no recent changes to medication are likely to tolerate
the hypoxia associated with air travel [558,559]. Careful con-
sideration should be taken before patients with NYHA Class
IV symptoms consider flying. Patients with NYHA IIT and IV
symptoms should request airport assistance and request in-
flight oxygen be available.

Short-distance air travel appears to be of low risk. Long
flights may predispose patients to accidental omission of
medicines, lower limb oedema, dehydration, and deep
venous thrombosis (DVT), but are not necessarily contra-
indicated. If long flights are planned and risk of DVT is
significant, consider DVT prophylaxis with a single dose
of non-vitamin K oral anticoagulant, or a single injection
of low-molecular-weight heparin. Graduated compression
stockings plus calf stretching during the flight should be
considered.

High-altitude destinations should be avoided because of
relative hypoxia. Travellers to very humid or hot climates
should be counselled on dehydration and modification of
diuretic doses.

13.3. Vaccination

Heart failure patients are at increased risk of respiratory
infection and such infections are a major cause of decompen-
sation. Patients should be vaccinated against influenza and
pneumococcal disease. There is some evidence suggesting
that influenza and pneumococcal vaccination may have a
protective effect in heart failure [560].

13.4. Sex

Problems with sexual function are common in patients with
heart failure, and affect quality of life. Men are more likely to
report a problem with sexual function or interest, but overall,
men and women report being equally affected [561]. Sexual
activity requires mild to moderate exertion, equivalent to
three to five METs, which is similar to climbing three flights
of stairs, general housework or gardening. It is reasonable to
undertake sexual activity for patients with mild or no symp-
toms (NYHA Class I/1I), but such activity should be deferred
in patients with decompensated or advanced heart failure
until symptomatically controlled [562]. Erectile dysfunction
may be worsened by thiazide diuretics, spironolactone, and
beta blockers. Treatment with phosphodiesterase type-5
inhibitors is generally safe in compensated heart failure,
but should be avoided in patients with high cardiac risk
or patients receiving nitrates [563]. Intracavernosal injections
and intrameatal gel treatment are not recommended, because
there is little evidence about their use.

13.5. Pregnancy

Women considering pregnancy should be made aware that
heart failure greatly increases the risk of maternal and neo-
natal morbidity and mortality, and pregnancy and delivery
may cause deterioration in women with moderate to severe
symptomatic CHF, severe LV systolic dysfunction, pulmo-
nary arterial hypertension and severe mitral or aortic stenosis
[564,565]. In mildly symptomatic CHF, pregnancy may be
considered for a fully informed patient and her partner.
Patients with peripartum cardiomyopathy following a pre-
vious pregnancy have increased risks of recurrence, espe-
cially if there is persisting LV systolic dysfunction [566]. Risk
of genetic transmission to the fetus should be considered in
familial cardiomyopathies. Many of the medicines used in
treatment are contraindicated in pregnancy.

13.6. Contraception

Various contraceptive options are available for patients with
heart failure [567]. Low-dose oral contraceptive usage
appears to be associated with a small risk of hypertension
or thrombogenicity, but these risks must be weighed against
those of pregnancy. Other methods include barrier methods
(which have a higher failure rate), intrauterine devices
(IUDs), tubal ligation, or partner vasectomy.

13.7. Weather

Heart failure patients have reduced thermoregulatory con-
trol due to the effects of altered cardiovascular and auto-
nomic function, and pharmacologic therapy, and this is
particularly so during exercise [568]. Heatwaves in Australia
are associated with increased cardiac events but no excess
mortality, possibly due to adaptive behaviour to regular hot
weather [569]. Patients should be educated to wear appro-
priate clothing, avoid exercise on hot days, and remain in an
air-conditioned environment if possible. Fluid intake may
need to be increased, or diuretics decreased temporarily.

Seasonal variation in heart failure hospitalisation is seen in
Australia, with a peak in the coldest months and older people
being at highest risk [570]. This is thought to be related to
increased haemodynamic stress and neurohormonal activa-
tion, leading to myocardial ischaemia, cardiac arrhythmias
and acute heart failure, as well as an increase in respiratory
infections. Immunisation, appropriate heating and increased
vigilance in the cold months is required.

13.8. Caffeine Intake

Habitual coffee consumption is likely to be safe in patients
with heart failure. A meta-analysis of prospective cohort
studies showing a J-shaped curve for incident heart failure,
with the risk being lowest at four cups a day compared with
none [571]. Epidemiological studies show beneficial effects
on mortality, including cardiovascular mortality [572]. As
caffeine beverages also contribute to fluid intake and may
alter plasma electrolyte levels in the presence of diuretics,
patients should be limited to one or two cups of caffeinated
beverages a day.
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14. Palliative Care in Heart
Failure

Recommendation: Referral to palliative care should be
considered in patients with advanced heart failure to alle-
viate end-stage symptoms, improve quality of life, and
decrease rehospitalisation. Involvement of palliative care
should be considered early in the trajectory towards end-
stage heart failure.

(Strong recommendation FOR; high quality of evidence.)

Rationale: Nearly 40% of patients diagnosed with heart
failure will die within 12 months of their first hospitalisation
for heart failure [573]. As their heart failure progresses
towards end-stage, patients begin to experience diverse
debilitating symptoms, increasing the distress of both the
patient and their carers, particularly during their last 6
months of life [574-576]. As their disease progresses, a deci-
sion to shift treatment from prevention of disease progres-
sion to improving quality of life, with a palliative care focus,
should be discussed with the patient, family, cardiologist or
physician with a special interest in heart failure, multidisci-
plinary heart failure team, and GP. It is important to have
palliative care involvement early in the heart failure trajec-
tory to reduce the suffering and distress associated with these
symptoms and a terminal condition. The palliative care
approach focuses on alleviation of symptoms and the
patient’s physical, psychosocial and spiritual needs. Despite
its benefits, palliative care strategies continue to be under-
used for patients with advanced heart failure and their fami-
lies [577-579].

The integration of palliative care into the multidisciplinary
heart failure team is effective in reducing the symptom bur-
den and distress experienced by caregivers and patients with
end-stage heart failure. A meta-analysis of 43 RCTs involving
12,731 patients with a terminal illness found that palliative
care was associated with significant improvements in quality
of life and reduction in symptom burden [580]. A narrative
synthesis found an improvement in advance care planning,
patient and caregiver satisfaction with care, and lower use of
healthcare services [580]. Several RCTs reported an improve-
ment in symptoms, particularly quality of life, symptom
burden [581-584], and depression [582-584]. Palliative care
services in the home were also effective in reducing rehospi-
talisation [585,586].

Benefits and harm: The benefits of a palliative care service
should be considered in patients diagnosed with advanced
heart failure.

Practice advice

1. Ideally, referrals to a palliative care service should be
implemented early in patients with advanced heart
failure.

2. The palliative care service should work collaboratively
with the patient’s heart failure team and GP. This could
also be extended to joint home visits by a heart failure
nurse and palliative care nurse until the patient develops
a strong collaborative relationship with the palliative care

team, after which time the heart failure nurse may reduce
their visits.

3. It is important that the collaborative care plan is patient
and family centred.

4. In patients with an ICD, discussions concerning deacti-
vation should occur between the patient and family and
their cardiologist.

5. Patients with heart failure should be encouraged to have
an advanced care plan, regardless of clinical status and
soon after diagnosis.

15. Performance Measures

Treatment gaps and variations in the quality of care provided
have been documented in a number of registries enrolling
patients with heart failure [14,412]. While the need for new
treatments remains, substantial gains will be realised by
implementing what we already know is effective, with prior
studies reporting that better adherence to guidelines is asso-
ciated with better outcomes [587-589]. There is a need for
ongoing audit and feedback systems, which are integrated
into work practices, in order to improve and maintain the
quality of care of patients with heart failure, and provide
valuable data on patient outcomes and effectiveness of care
initiatives. Table 13 provides a summary of the evidence for
the management of HFrEF, with selected strongly recom-
mended treatments highlighted in bold that could inform
process measures of healthcare.

A broader list of potentially useful quality and outcome
indicators for patients with heart failure include:
Performance measures:

Process measures:

1. What proportion of patients newly diagnosed with heart
failure have had an ECG?

2. What proportion of patients newly diagnosed with heart
failure have had an echocardiogram?

3. What proportion of patients hospitalised with heart fail-
ure and surviving to hospital discharge have been
reviewed within 2 weeks?

4. What proportion of patients hospitalised with heart fail-
ure and surviving to hospital discharge have been
referred to a multidisciplinary heart failure disease-
management program or a multidisciplinary telemoni-
toring or telephone support program?

5. What proportion of patients hospitalised with heart fail-
ure and surviving to hospital discharge have been
referred to an exercise training program?

6. What proportion of patients with heart failure have an
advanced healthcare directive?

7. What proportion of patients with heart failure have been
screened for depression?

8. What proportion of patients hospitalised with heart fail-
ure and surviving to hospital discharge have a written
discharge summary and heart failure action plan?

9. What proportion of eligible” patients with HFrEF receive
a prescription for an ACE inhibitor, ARB, or ARNI?
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Table 13 Evidence summary for HFrEF management.

Evidence summary for HFrEF management

Treatment effect All patients Selected patients

Strong recommendation

Beta blocker”
MRA

mortality

Nurse-led medication titration

ICD (LVEF <35%, IHD)

Decrease morbidity/ ACEi (or ARB?) Switch ACEi or ARB to ARNI (LVEF <40%)
Ivabradine (SR >70 bpm, LVEF <35%)
Multidisciplinary HF disease management

ICD (LVEF <35%, DCM)

CRT (AF, QRS >130 ms, LVEF <35%)
Hydralazine + nitrates

n-3 polyunsaturated fatty acids

CRT (SR, QRS >130 ms, LVEF <35%)
AF ablation (paroxysmal/persistent AF, LVEF <35%)

CABG (IHD, LVEF <35%))
VAD (intractable severe HF)

Heart transplantation (intractable severe HF)

Improve symptoms Diuretics (congested)

Digoxin (refractory symptoms)

Exercise training (also decreases hospitalisation)

Intravenous iron (iron deficient)

HFrEF: heart failure with reduced ejection fraction, ACEi: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker, MRA: mineralocorticoid

receptor antagonist, ARNI: angiotensin receptor neprilysin inhibitor, LVEF: left ventricular ejection fraction, SR: sinus rhythm, ICD: implantable cardioverter

defibrillator, IHD: ischaemic heart disease, CRT: cardiac resynchronization therapy, AF: atrial fibrillation, CABG: coronary artery bypass graft surgery, VAD:

ventricular assist device, DCM: dilated cardiomyopathy.
?ARB should only be used if ACEi is contraindicated or not tolerated.

PCarvedilol, bisoprolol, metoprolol succinate, nebivolol.

10. What proportion of eligible* patients with HFrEF receive
a prescription for a guideline recommended beta
blocker?

11. What proportion of eligible” patients with HFrEF receive
a prescription for an MRA?

12. What proportion of eligible* patients with HFrEF have
achieved the target dose of an ACE inhibitor, ARB, or
ARNI by 6 months following commencement?

13. What proportion of eligible” patients with HFrEF have
achieved the target dose of a guideline recommended
beta blocker by 6 months following commencement?

14. What proportion of eligible* patients with HFrEF have
achieved the target or maximum tolerated dose of an
ACE inhibitor, ARB, or ARNI by 6 months following
commencement?

15. What proportion of eligible” patients with HFrEF have
achieved the target or maximum tolerated dose of a
guideline recommended beta blocker by 6 months fol-
lowing commencement?

16. What proportion of eligible” patients with HFrEF asso-
ciated with an LVEF of less than or equal to 35% despite
medical therapy have been referred for consideration of
device therapy**?

17. What proportion of eligible* patients with heart failure
associated with atrial fibrillation are on anticoagulant
therapy?

Outcome measures:

1. What is the 30-day and 6-month mortality rate for
patients hospitalised with heart failure?

2. What is the 30-day and 6-month rehospitalisation rate for
patients hospitalised with heart failure?

“Eligible refers to meeting inclusion criteria for that mea-
sure (e.g., for CRT therapy: heart failure with an LVEF of less
than or equal to 35% despite medical therapy and QRS
duration of 130ms or more) with no exclusion criteria (e.g.,
for the process measures this may include documented con-
traindication to therapy; patient deceased; documented that
patient declined therapy).

“Device therapy refers to CRT and/or ICD.

16. Areas for Future Research
The following are areas for future research:

e Screening for structural heart disease and prevention of
heart failure.

¢ Epidemiology of heart failure in Australia.

¢ Diagnosis of heart failure in the community, including the
role of biomarkers and diastolic stress echo for suspected
HFpEF.

e Better phenotype characterisation of HFpEF.

e Risk stratification in patients with heart failure.

e Management of acute heart failure.

¢ Outcome studies in the very elderly and in HFpEF (includ-
ing evaluation of the efficacy of new drugs and exercise
training).

® Management of comorbidities (including atrial fibrillation,
diabetes, hyperkalaemia, obesity, iron deficiency).
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e Management of cachexia in patients with end-stage heart
failure.

e Transitional care and systems of care in primary care
to improve evidence-based practice and reduce
rehospitalisation.

e Effect of fluid and salt restriction on clinical outcomes.

e Health economic evaluation of various diagnostic and
therapeutic strategies in both the hospital and primary
care settings.

17. Disclaimer

This document has been produced by the National Heart
Foundation of Australia (Heart Foundation) for the infor-
mation of health professionals. The statements and recom-
mendations it contains are, unless labelled as ‘expert
opinion’, based on independent review of the available
evidence at the time of writing. Interpretation of this docu-
ment by those without appropriate medical and/or clinical
training is not recommended other than under the guidance
of, or in consultation with, a suitably-qualified health
professional.

While care has been taken in preparing the content of
this material, the Heart Foundation and its employees do
not accept any liability, including for any loss or damage,
resulting from the reliance on the content, or for its accu-
racy, currency and completeness. The information is
obtained and developed from a variety of sources including,
but not limited to, collaborations with third parties and
information provided by third parties under licence. It
is not an endorsement of any organisation, product or
service.

This material may be found in third parties” programs or
materials (including but not limited to show bags or adver-
tising kits). This does not imply an endorsement or recom-
mendation by the Heart Foundation for such third parties’
organisations, products or services, including their materials
or information. Any use of Heart Foundation materials or
information by another person or organisation is at the user’s
own risk.

The entire contents of this material are subject to copyright
protection. Enquiries concerning copyright and permissions
to use the material should be directed to copyright@heart-
foundation.org.au.
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19. Appendices

19.1. Appendix 1: Abbreviations and

Acronyms

ACE
ACS
ADHF
AF
AIHW

APO
ARB
ARNI

ARR
AV
AVOID trial

BBB
BiPAP
BLOCK HF

BMI
BNP
BOOST project

BP

bpm

BTT

CABG
CARE-HF study

CASTLE-AF study

CBT
CHAMPION trial

CHARM-Preserved study

CHF
CI

CKD
CMR

Angiotensin converting enzyme
Acute coronary syndrome

Acute decompensated heart failure
Atrial fibrillation

Australian Institute of Health and
Welfare

Acute pulmonary oedema
Angiotensin receptor blocker
Angiotensin receptor neprilysin
inhibitor

Absolute risk reduction
Atrioventricular

Australian Air Versus Oxygen in
Myocardial Infarction trial
Bundle branch block

Bi-level positive airway pressure
Biventricular versus Right
Ventricular Pacing in Heart
Failure Patients with
Atrioventricular Block

Body mass index

B-type natriuretic peptide

Better Outcomes for Older Adults
through Safe Transitions project
Blood pressure

Beats per minute

Bridge to transplantation
Coronary artery bypass graft
surgery

Cardiac Resynchronization-Heart
Failure study

Catheter Ablation versus Standard
conventional Treatment in patients
with leftventricular dysfunction
and Atrial Fibrillation study
Cognitive behaviour therapy
Cardiomems Heart Sensor
Allows Monitoring of Pressure to
Improve Outcomes in NYHA
Class III Heart Failure Patients
trial

Candesartan in Heart failure:
Assessment of Reduction in
Mortality and morbidity
(CHARM)-Preserved study
Chronic heart failure

Confidence interval

Chronic kidney disease

Cardiac magnetic resonance

imaging
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COAPT trial

COMPANION trial

COMPASS-HF trial

COPD

COX
CPAP

CRT
CRT-D
CRT-P
CS

CSA
CSANZ

CT
CTRCD

DANISH study

DCM
DETO2X-SWEDEHEART
study

DIG-PEF study

DPP-4

DT

DVT

ECG

EchoCRT study

ECLS
ECMO

EDV
EF
eGFR

Cardiovascular Outcomes
Assessment of the mitraclip
Percutaneous Therapy for Heart
Failure Patients With Functional
Mitral Regurgitation trial

The Comparison of Medical
Therapy, Pacing, and
Defibrillation in Heart Failure
Chronicle Offers Management to
Patients with Advanced Signs and
Symptoms of Heart Failure trial
Chronic obstructive pulmonary
disease

Cyclo-oxygenase

Continuous positive airway
pressure

Cardiac resynchronisation therapy
CRT-defibrillator
CRT-pacemaker

Cardiac sarcoidosis

Central sleep apnoea

Cardiac Society of Australia and
New Zealand

Computed tomography

Cancer therapeutics-related
cardiac dysfunction

Danish Study to Assess the
Efficacy of ICDs in Patients with
Non-Ischemic Systolic Heart
Failure on Mortality

Dilated cardiomyopathy
Determination of the Role of
Oxygen in Suspected Acute
Myocardial Infarction (DETO2X-
AMI) — Using Swedish Web
System for Enhancement and
Development of Evidence-
Based Care in Heart Disease
Evaluated According to
Recommended Therapies
(SWEDEHEART)

Digitalis Investigation Group-
Preserved Ejection Fraction study
Dipeptidylpeptidase-4
Destination therapy

Deep vein thrombosis
Electrocardiography
Echocardiography Guided
Cardiac Resynchronization
Therapy study

Extracorporeal life support
Extracorporeal membrane
oxygenation

End diastolic volume

Ejection fraction

Estimated glomerular filtration
rate

EJECTION-HF

EMB
ESV
EVEREST I

FEV
GLP-1
GRADE

GWTG-HF

H2H program
HCM

HF

HF-ACTION trial

HFmrEF

HFpEF

HFrEF

HHD
HR
IABP

ICA
ICD

ILD
I-PRESERVE study

J-DHF

JVP
LABA

LBBB

LGE

LV

LVAD

LVEF
MADIT-CRT trial

MADIT-RIT

MCS
MET
MI

Exercise Joins Education:
Combined Therapy to Improve
Outcomes in Newly-discharged
Heart Failure

Endomyocardial biopsy

End systolic volume
Endovascular Valve Edge-to-Edge
Repair Study

Forced expiratory volume
Glucagon-like peptide 1
Grading of Recommendations
Assessment, Development and
Evaluation

Get with the guidelines—heart
failure

Hospital to Home program
Hypertrophic cardiomyopathy
Heart failure

Heart Failure: A Controlled Trial
Investigating Outcomes of
Exercise Training

Heart failure with mid-range
ejection fraction

Heart failure with preserved
ejection fraction

Heart failure with reduced
ejection fraction

Hypertensive heart disease
Hazard ratio

Intra-aortic balloon counter-
pulsation

Invasive coronary angiography
Implantable cardioverter
defibrillator

Interstitial lung disease
Irbesartan in Heart Failure

with Preserved Ejection Fraction
study

Japanese diastolic heart failure
study

Jugular venous pressure
Long-acting beta,-agonists

Left bundle branch block

Late gadolinium enhancement
Left ventricular

Left ventricular assist device
Left ventriclular ejection fraction
Multicenter Automatic
Defibrillator Implantation Trial-
Cardiac Resynchronization
Therapy trial

Multicenter Automatic
Defibrillator Implantation Trial-
Reduce Inappropriate Therapy
Mechanical cardiac support
Metabolic unit

Myocardial infarction
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MRA Mineralocorticoid receptor
antagonist

MRCA Magnetic resonance coronary
angiography

MUGA Multiple gated acquisition
scans

MUSTIC Multisite Stimulation In
Cardiomyopathies

MV Mitral valve

NHFA National Heart Foundation of
Australia

NLT Nurse-led titration

NNT Number needed to treat

NSAID Nonsteroidal anti-inflammatory
drug

NT proBNP N-terminal pro B-type natriuretic

peptide
NYHA classification New York Heart Association
Functional classification
OPTIMISE-HF program Organized Program to Initiate
Lifesaving Treatment in
Hospitalized Patients With Heart
Failure
Placement of AoRTic

TraNscathetER Valve trial

PARTNER trial

PCI Percutaneous coronary
intervention

PCWP Pulmonary capillary wedge
pressure

PEP-CHF study Perindopril in Elderly People with
Chronic Heart Failure study

PET Positron emission tomography
PHQ Patient Health Questionnaire
PROSPECT study Predictors of response to

cardiac resynchronization therapy

study

RAFT trial Resynchronization-Defibrillation
for Ambulatory Heart Failure
trial

RCT Randomised controlled trial

REMATCH trial Randomized Evaluation of
Mechanical Assistance for the
Treatment of Congestive Heart
Failure trial

REVERSE trial REsynchronization reVErses
Remodeling in Systolic left

vEntricular dysfunction trial

RHD Rheumatic heart disease

RRR Relative risk reduction

RV Right ventricular

RVSP Right ventricular systolic pressure

SAVE Survival After Veno-arterial
ECMO

SAVR Surgical aortic valve replacement

SCD Sudden cardiac death

SCD-HeFT study Sudden Cardiac Death in Heart

Failure Trial

SEER Surveillance, Epidemiology, and
End Results database

SGLT2 Sodium-glucose cotransporter 2

SPECT Single-photon emission
computerised tomography scan

SSRI Selective serotonin reuptake
inhibitor

STAAR State Action on Avoidable

Rehospitalizations Initiative
STICH trial Surgical Treatment for Ischemic

Heart Failure trial

SVR Surgical ventricular reconstruction

TAVI Transcatheter aortic valve
implantation

TKI Tyrosine kinase inhibitors

TNF Tumour necrosis factor

TOPCAT trial Treatment of Preserved Cardiac
Function Heart Failure with an

Aldosterone Antagonist trial

TSAT Transferrin saturation

VAD Ventricular assist device

VEGF Vascular endothelial growth
factor

19.2. Appendix 2: Clinical Questions for
External Literature Review

Heart failure guideline 2017-2018: prioritised clinical
questions for external literature review

1. What is the clinical value of CMR in addition to prior tests in:

a) patients or family members in whom echocardiography suggests
increased LV wall thickness, an HCM or RCM is suspected, and
further diagnostic clarification is required?

b) patients in whom echocardiography suggests DCM, and further
diagnostic clarification is required?

2. What is the clinical value of genetic testing in addition to prior
tests in patients in whom echocardiography suggests DCM, and
further patient characterisation is required?

3. What evidence is there that treating patients with chemotherapy
that is associated with cardiotoxicity with ACE inhibitors, angiotensin
receptor blockers, mineralocorticoid receptor antagonists (or
aldosterone antagonists), beta blockers, statins, and/for
antihypertensive therapy (or blood pressure lowering) improves
clinical outcomes?

4. What evidence is there that treating patients with heart failure with
nutraceuticals (including Vitamin D, A, C, E, B6, B12, Folate,
Thiamine, selenium, St John’s Wort, hawthorn, celery extract,
magnesium supplements, co-enzyme Q10, polyunsaturated fatty acids,
fish oil, olive oil, beetroot juice, probiotics, antioxidants) improves or
worsens clinical outcomes?
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19.3. Appendix 3: Summary of HFrEF and HFpEF Trials

Major randomised controlled trials performed in patients with heart failure associated with a reduced left ventricular ejection

fraction (HFrEF) that achieved their morbidity/mortality primary endpoint

SOLVD-T

CIBIS-II

MERIT-HF

COPERNICUS

Spironolactone (n = 822)

Eplerenone (n = 1364)

EMPHASIS-HF

Inclusion criteria

NYHA 14
LVEF <35%

NYHA 3,4
LVEF <35%

NYHA 24
LVEF <40%

NYHA 3,4
LVEF <25%

NYHA 1-4
Age >70 y + (LVEF < 35%
or HF hosp. last 12 mo)

NYHA 34
LVEF <35%

LVEF <35%

Treatment groups

Enalapril (n = 127)
Placebo (n = 126)

Enalapril (n = 1285)
Placebo (n = 1284)

Bisoprolol (n = 1327)
Placebo (n = 1320)

Metroprolol CR/XL
(n =1990)
Placebo (n =2001)

Carvedilol (n = 1156)
Placebo (n =1133)

Nebivolol (n = 1067)
Placebo (n =1061)

Placebo (n = 841)

Placebo (n = 1373)

Background treatment *

Furosemide 98%
Digoxin 92-94%
MRA 50-55%

Diuretic 85-86%
Digoxin 66-68%

Diuretic 99%
ACEI 96%

Nitrates 58%
Digoxin 52%.

ACEI/ARB 96%
Diuretic 90%
Digoxin 64%.

Diuretic 99%
ACEI/ARB 97%
Digoxin 65-67%.

ACEI 82%, ARB 7%
Diuretic 86%

Loop diuretic 100%
ACEI 94-95%
Digoxin 72-75%

ACEI/ARB 93%
Beta blocker 87%
Diuretic 85%

Outcomes (primary
endpoint bolded for active
treatment vs. control)

Mort. (88 events) 26% vs.
44%, 40% RRR, NNT 6

Mort. (962 events) 35.2%
vs. 39.7%, RRR 16%, NNT
22 over 41.4 mo.

Hosp. RRR 6%. HF hosp.
RRR 30%.

Mort./HF hosp. RRR 26%,
NNT 9 over 41.4 mo.

Mort. (384 events) 11.8%
vs. 17.3%, RRR 34%, NNT
18 over 1.3 yr.

Hosp. RRR 20%. HF hosp.
RRR 32%.

CV mort./hosp. RRR 21%,
NNT 17 over 41.4 mo.

Mort. (362 events) 7.2% vs.
11.0%, RRR 34%, NNT 26
over 1 yr.

Hosp. RRR 18%. HF hosp.
RRR 35%.

Mort./HF hosp. RRR 31%,
NNT 16 over 1 yr.

Mort. (320 events) 11.4%
vs. 18.5%, RRR 35%, NNT
14 over 10.4 mo.

Hosp. RRR 15%. HF hosp.
RRR 28%.

Mort./HF hosp. RRR 31%,
NNT 8 over 10.4 mo.

Mort./CV hosp. (707 events)
31.1% vs. 35.3%, RRR 14%,
NNT 24 over 21 mo.

Mort. (670 events) 35% vs.
46%, RRR 30%, NNT 7
over 24 mo.

HF hosp. RRR 35%.
Mort./cardiac hosp. RRR 32%.

CV mort./HF hosp. (605
events) 18.3% vs. 25.9%,
RRR 37%, NNT 13 over 21
mo.

Mort. RRR 24%, NNT 33
over 21 mo.

Hosp. RRR 22%. HF hosp.
RRR 39%.
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(continued).

Inclusion criteria Treatment groups Background treatment * Outcomes (primary
endpoint bolded for active
treatment vs. control)

PARADIGM-HF NYHA 24 Sacubitril /Valsartan Beta blocker 93% CV mort./HF hosp. (2013

LVEF <35-40% (n =4187) Diuretic 80% events) 21.8% vs. 26.5%,

Increased BNP/NT- Enalapril (n =4212) MRA 56%. RRR 20%, NNT 21 over 27

proBNP mo.

CV death RRR 20%, NNT
32 over 27 mo. HF hosp.
RRR 21%.
Mort. RRR 16%, NNT 36
over 27 mo.

SHIFT NYHA 2-4 Ivabradine (n = 3268) ACEI 79%, ARB 14% CV mort./HF hosp. (1730

LVEF <35% Placebo (n = 3290) Beta blocker 89% events) 24% vs. 29%, RRR

Sinus rhythm >70bpm Diuretic 83% 18%, NNT 20 over 23 mo.

MRA 60% Hosp. RRR 11%. HF hosp.
RRR 26%.
CHARM-AIt NYHA 24 Candesartan (n =1013) Diuretic 85% CV mort./HF hosp. (740

LVEF <40% Placebo (n =1015) Beta blocker 55% events) 33% vs. 40%, RRR
23%, NNT 14 over 34 mo.
HF hosp. RRR 32%.

CHARM-Add NYHA 24 Candesartan (n = 1276) ACEI 100% CV mort./HF hosp. (1021

LVEF <40% Placebo (n = 1272) Diuretic 90% events) 38% vs. 42%, RRR

Digoxin 58% 15%, NNT 23 over 41 mo.
Beta blocker 55% CV mort. RRR 16%, NNT
28 over 41 mo. HF hosp.
RRR 17%.
ValHeFT NYHA 2-4 Valsartan (n = 2511) ACEI 93% Mort./ACA/HF hosp./IV
LVEF <40% Placebo (n = 2499) Diuretic 85-86% inotropes or vasodilators
Digoxin 67-68% over 4 hr (1524 events)
28.8% vs. 32.1%, RRR 13%,
NNT 30 over 23 mo.
No significant difference
mort. HF hosp. RRR 28%.
VHeFT NYHA 1-4 Hydralazine/nitrate Diuretic 100% Mort. (192 events) 25.6%

(Inc. CTR or Inc. LVEDD (n=186) Digoxin 100% vs. 34.3%, RRR 34%, NNT

or LVEF < 45%) + Dec. Placebo (n = 273) 11 over 2 yr. (borderline

VO.. significance)

A-HeFT Self-identified black Hydralazine/nitrate Diuretic 88-92% Mort/HF hosp./quality of

NYHA 3,4 (n=518) ACEI 69-70%, ARB 17% life improved over 10 mo.

LVEF <35-45% Placebo (n = 532) Beta blocker 74% Mort. (86 events) RRR 43%.

Digoxin 59-61% HF hosp. RRR 33%.
GISSI-HF NYHA 2-4 n-3 PUFA (n = 3494) ACEI/ARB 93% Mort. (1969 events) 27% vs.

LVEF <40% or HF hosp. Placebo (n = 3481) Diuretic 90% 29%, RRR 9%, NNT 56

last 12 mo. Beta blocker 65% over 3.9 yr.

Mort/CV hosp. (4034

events) 57% vs. 59%, RRR

8%, NNT 44 over 3.9 yr.
MADIT-2 Prior MI >1 mo ago ICD (n=742) Diuretic 72-81% Mort. (202 events) 14.2%

LVEF <30%

Standard care (n = 490)

ACEI 68-72%
Beta blocker 70%
Digoxin 57%

vs. 19.8%, RRR 31%, NNT
18 over 20 mo.
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(continued).

Inclusion criteria Treatment groups Background treatment * Outcomes (primary
endpoint bolded for active
treatment vs. control)

SCD-HeFT NYHA 2-4 ICD (n =829) ACEI 84%, ARB 15% Mort. (426 events) 22% vs.

LVEF <35% Standard care (n = 847) Loop diuretic 82% 29%, RRR 23%, NNT 14

Beta blocker 69% over 5 yr.
Digoxin 68%
COMPANION NYHA 3,4 CRT (n=617) Loop diuretic 94-97% CRT: Mort./hosp. (630

LVEF <35% CRT-D (n = 595) ACEI or ARB 89-90% events) 56% vs. 68%, RRR

Sinus rhythm Standard care (n = 308) Beta blocker 66-68% 19%, NNT 8 over 12 mo.

QRS >120ms, PR >150ms MRA 53-55% CRT-D: Mort./hosp. (606

HF hosp. last 12 mo events) 56% vs. 68%, RRR
20%, NNT 8 over 16 mo.
CRT-D: Mort. (182 events)
RRR 36% over 16 mo.

CARE-HF NYHA 3,4 CRT ACEI or ARB 95% Mort./CV hosp. (383

LVEF <35% Standard care Beta blocker 72% events) 39% vs. 55%, RRR

Sinus rhythm MRA 56% 37%, NNT 6 over 29 mo.

QRS >120ms Mort. (202 events) RRR
36%, NNT 10 over 29 mo.
Unplanned HF hosp. RRR
52%.

MADIT-CRT NYHA 1,2 CRT-D (n =1089) ACEI 77%, ARB 21% Mort./HF events. (372

LVEF <30% ICD (n=731) Beta blocker 93% events) 17% vs. 25%, RRR

Sinus rhythm Diuretic 75% 34%, NNT 12 over 29 mo.

QRS >130ms

RAFT NYHA 2,3 CRT-D (n = 894) ACEI or ARB 97% Mort./HF hosp. (661

LVEF <30% ICD (n =904) Beta blocker 90% events) 33.2% vs. 40.3%,

Intrinsic QRS >120ms or Diuretic 84% RRR 25%, NNT 14 over 40

paced QRS >200ms mo.

Mort. (422 events) RRR
25%, NNT 19 over 40 mo.
HF hosp. RRR 32%.
Significant benefit NYHA 2:
Primary EP NNT 14, mort.
NNT 18.

CASTLE-AF Paroxysmal or persistent ~ AF ablation (n = 179) ACEI or ARB 91-94% Mort./HF hosp. (133

AF

NYHA 2-4
LVEF <35%
ICD or CRT-D

Medical therapy (n = 184)

Beta blocker 93-95%
Diuretic 93%

events) 28.5% vs. 44.6%,
RRR 38%, NNT 6 over 38
mo.

Mort. (70 events) RRR 47%,
NNT 9 over 38 mo.

HF hosp. RRR 46%.

“Reported baseline prescription rates for heart failure drugs that were over 50%.

NYHA: New York Heart Association functional classification, CTR: cardiothoracic ratio, MRA: mineralocorticoid receptor antagonist, mort.: mortality, RRR:

relative risk reduction, NNT: number needed to treat to prevent event, LVEF: left ventricular ejection fraction, HF: heart failure, hosp.: hospitalisation, ACEI:

angiotensin converting enzyme inhibitor, CV: cardiovascular, ARB: angiotensin receptor blocker, ACA: aborted cardiac arrest, IV: intravenous, LVEDD: left

ventricular internal diameter in diastole, VO,: exercise oxygen consumption, PUFA: polyunsaturated fatty acids, MI: myocardial infarction, ICD: implantable

cardioverter defibrillator, CRT: cardiac resynchronisation therapy, CRT-D: cardiac resynchronisation therapy plus implantable cardioverter defibrillator, AF:

atrial fibrillation.
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Major randomised controlled trials performed in patients with heart failure associated with a preserved left
ventricular ejection fraction (HFpEF) that were powered to evaluate morbidity/mortality endpoints.

Inclusion criteria Treatment groups Outcomes (primary endpoint bolded for active
treatment vs. control)

PEP-CHF Clinical HF due to LV diastolic Perindopril (n = 424) Mort./HF hosp. (207 events) 24% vs. 25%
dysfunction Placebo (n = 426) (p =0.55) over 2.1 yr.
Age >70 yr Insufficient power for primary endpoint, partly
CV hosp. last 6 mo due to high withdrawal rates (26-28%). Lower
Approx. LVEF >40% HF hosp. with perindopril in the first year.
CHARM-Pres NYHA 24 Candesartan (n = 1514) CV death/HF hosp. (699 events) 22% vs. 24%
LVEF >40% Placebo (n = 1509) (p = 0.12) over 37 mo.
Prior CV hosp. Lower HF hosp. with candesartan.
I-PRESERVE NYHA 24 Irbesartan (n = 2067) Mort./CV hosp. (1505 events) 36% vs. 37%
Age >60 yr Placebo (n =2061) (p = 0.35) over 50 mo.
LVEF >45%
J-DHF Clinical HF Carvedilol (n =120) CV mort./Hosp. (63 events) 24% vs. 27%
LVEF >40% No carvedilol (n = 125) (p = 0.69) over 3.2 yr.
TOPCAT Clinical HF Spironolactone (n =1722) CV mort./ACA/HF hosp (671 events) 18.6% vs.
LVEF >45% Placebo (n =1723) 20.4% (p = 0.14) over 3.3 yr.
HF hosp. last 12 mo or increased BNP/ Lower HF hosp. with spironolactone.
NT-proBNP
DIG-PEF Clinical HF Digoxin (n = 492) HF mort./HF hosp. (221 events) 21% vs. 24%
LVEF >45% Placebo (n = 496) (p = 0.14) over 37 mo.

Sinus rhythm

HF: heart failure, LV: left ventricular, CV: cardiovascular, LVEF: left ventricular ejection fraction, mort.: mortality, hosp.: hospitalisation, NYHA: New York Heart

Association functional classification, ACA: aborted cardiac arrest.

19.4. Appendix 4: Online Register of
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