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Abstract 
 

There have been major changes in the therapeutic landscape of heart failure, since the 

last Singapore Clinical Practice Guidelines on heart failure in 2004. The Writing 

Committee members of the 2004 heart failure guideline along with additional experts 

in the field convened, conducted a comprehensive review of the literature and 

developed this updated set of heart failure guidelines under the auspices of the Heart 

Failure Society (Singapore). These updated guidelines will provide a detailed overview 

of the – (1) diagnosis, including various laboratory assessments and imaging tests; (2) 

pharmacological and surgical treatment; (3) use of cardiac implantable electronic 

devices; (4) treatment of co-morbidities (non-cardiovascular, iron deficiency, atrial 

fibrillation and diabetes mellitus); and (5) multi-disciplinary treatment – for the 

optimized management of heart failure. Separate sections have also been included for 

guidance on the treatment of acute heart failure, palliative care for advanced heart 

failure and management of heart failure with preserved ejection fraction. The 

recommendations provided in this guideline are intended to provide guidance in the 

overall clinical decision making by healthcare providers for the optimal diagnosis and 

management of heart failure. 

 

 

Keywords: Heart failure, Diagnosis, Treatment, Singapore 
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List of Commonly Used Abbreviations 

 

ACEi: Angiotensin-converting enzyme inhibitor 

AHF: Acute heart failure 

AF: Atrial fibrillation 

ARB: Angiotensin receptor blocker 

ARNI: Angiotensin receptor neprilysin inhibitor 

BiPAP: Bi-level positive airway pressure 

BNP:  B-type natriuretic peptide 

CABG: Coronary artery bypass graft 

CAD: Coronary artery disease 

CMR: Cardiac magnetic resonance 

COX: Cyclooxygenase 

CPAP: Continuous positive airway pressure 

CPET: Cardiopulmonary exercise testing 

CrCl: Creatinine clearance 

CRS: Cardiorenal syndrome 

CRT: Cardiac resynchronisation therapy 

cTnT:  cardiac troponin T 

DASH: Dietary approaches to stop hypertension 

DHA: Docosahexaenoic acid 

EF: Ejection fraction 

eGFR: Estimated glomerular filtration rate 

EPA: Eicosapentaenoic acid 

ETT: Exercise treadmill test 

FoCUS: Focused cardiac ultrasound 

HFC: Heart failure clinic 

HFpEF: Heart failure with preserved ejection fraction 

HFrEF: Heart failure with reduced ejection fraction 

H-ISDN: Hydralazine plus isosorbide dinitrate 

HIV: Human immunodeficiency virus 

HRR: Heart rate reserve 

HsTnT: Highly sensitive troponin T 

GPP: Good practice points 

ICD: Implantable cardioverter defibrillator 

IVC: Inferior vena cava 

LBBB: Left bundle branch block 

LVAD: Left ventricular assist device 

LVH: Left ventricular hypertrophy 

LVEDP: Left ventricular end-diastolic pressure 

LVEF: Left ventricular ejection fraction 
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MCS: Mechanical circulatory support 

MDCT: Multidetector computed tomography 

METS: Metabolic equivalents 

MPI: Myocardial perfusion imaging 

MRA: Mineralocorticoid receptor antagonist 

NSAID: Nonsteroidal anti-inflammatory drug 

NT-proBNP: N-terminal prohormone B-type natriuretic peptide  

NYHA: New York Heart Association 

OMT: Optimal medical therapy 

PAC: Pulmonary artery catheterisation 

PASP: Pulmonary artery systolic pressure 

PCWP: Pulmonary capillary wedge pressure 

PET: Positron emission tomography 

Peak VO2: Peak oxygen consumption 

RAAS: Renin-angiotensin–aldosterone system 

RCT: Randomised controlled trials 

RPE: Rating of perceived exertion 

STEMI: ST-segment elevation myocardial infarction 

SGLT-2: Sodium-glucose cotransporter 2 

SNS: Sympathetic nervous system 

SPECT: Single-photon emission computed tomography 

STICH: Surgical treatment for ischaemic heart failure 

TSAT: Transferrin saturation 

VAD: Ventricular assist device 

VE/VCO2: Ventilation-to–carbon dioxide 
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1. Introduction 
 

The Heart Failure Society (Singapore) developed this set of guidelines as an 

aid for doctors, nurses, and ancillary health professionals when managing 

patients with heart failure. These guideline recommendations reflect a 

consensus of expert opinion after review of the available, current scientific 

evidence. The recommendations are intended to help in overall clinical 

decision making by healthcare providers. However, final decisions on patient 

care should be based on individual patient circumstances and after caregiver 

consultation.  

 

Most members of this writing group were initially appointed by Ministry of 

Health, Singapore to a review committee, formed specifically to update the 

MOH Clinical Practice Guidelines (CPG). The first CPG on Heart Failure was 

published in 2004, which has not been updated since. However, the review 

committee’s work was terminated, as MOH discontinued the practice of 

publishing CPGs. 

 

The members continued with this work, under the auspices of the Heart 

Failure Society (Singapore). With the emergence of new evidence, we 

enrolled additional members to update and complete this set of guidelines. 

This set of guideline recommendations was approved by the council of the 

Heart Failure Society (Singapore). 

 

1.1.        Methodology 
 

The classification for level of evidence and grading of recommendations 

follow those adopted in previous CPGs of the Ministry of Health (Tables 1 

and 2). This format should already be familiar to many local healthcare 

providers.  

 

Table 1: Levels of Evidence 

 

Level Type of Evidence 

1++ High-quality meta-analyses, systematic reviews of RCTs, or RCTs 

with a very low risk of bias – Class I, level a 

1+ Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs 

with a low risk of bias – Class IIa, level a (level b, if single RCT) 

1
-
 Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk 

of bias – Class IIb, level a (level b, if single RCT) 
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2++ 

 

High-quality systematic reviews of case-control or cohort studies. 

High-quality case-control or cohort studies with a very low risk of 

confounding or bias and a high probability that the relationship is 

causal – Class I, level b 

2+ Well-conducted case-control or cohort studies with a low risk of 

confounding or bias and a moderate probability that the relationship 

is causal – Class IIa, level b  

2
-
 Case-control or cohort studies with a high risk of confounding or bias 

and a significant risk that the relationship is not causal – Class IIa, 

level b 

3 Non-analytic studies, e.g. case reports, case series 

4 Expert opinion 
RCT: Randomized controlled trials 

 

Table 2: Grades of Recommendation 

 

Grade Recommendation 

A 

 

At least one meta-analysis, systematic review of RCTs, or RCT rated 

as 1++ and directly applicable to the target population; or a body of 

evidence consisting principally of studies rated as 1+, directly 

applicable to the target population, and demonstrating overall 

consistency of results – Level a 

B 

 

A body of evidence including studies rated as 2++, directly 

applicable to the target population, and demonstrating overall 

consistency of results; or extrapolated evidence from studies rated 

as 1++ or 1+ – Level b 

C 

 

A body of evidence including studies rated as 2+, directly 

applicable to the target population and demonstrating overall 

consistency of results; or extrapolated evidence from studies rated 

as 2++– Level c 

D Evidence level 3 or 4; or Level c 

Extrapolated evidence from studies rated as 2+ 

GPP  Recommended best practice based on the clinical experience of the 

guideline development group 
RCT: Randomized controlled trials; GPP: Good practice points 
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2. Diagnostics 
 

2.1. Clinical Diagnosis 
 

Heart failure is a clinical syndrome characterised by symptoms and signs of 

volume overload, in which cardiac dysfunction is responsible for the failure of 

the heart to supply adequate peripheral oxygen delivery to meet the 

requirements of metabolising tissues, or to do so only with elevated cardiac 

filling pressure.1 The diagnosis of heart failure is primarily a clinical 

diagnosis, based on typical symptoms and signs: 

 

2.1.1.  Symptoms 

 

Typical symptoms of heart failure include breathlessness, fatigue, exercise 

intolerance, and fluid retention. The primary symptom of heart failure is 

breathlessness, which may be exertional or at rest. Orthopnoea and 

paroxysmal nocturnal dyspnoea are specific but insensitive symptoms. Other 

nonspecific symptoms of heart failure include ankle swelling, nocturnal 

cough, nocturia, anorexia, abdominal bloating, constipation, and cerebral 

symptoms of hypoperfusion such as confusion and dizziness. 

 

2.1.2.  Signs 

 

Elevated jugular venous pressure has a high positive predictive value for the 

diagnosis of heart failure but is often poorly elicited. Other clinical signs 

include hepatojugular reflux, tachycardia, third heart sound, displaced apex 

beat, pulmonary crepitations, hepatomegaly, peripheral oedema, and ascites. 

 

Patients with heart failure often present with one or more symptoms that are 

sensitive but not specific for heart failure. During a physical examination, the 

clinician may identify clinical signs that are either sensitive or specific for 

heart failure. When multiple signs and symptoms are present, a diagnosis can 

be made with greater confidence. The patient’s medical history is also 

important–heart failure is unusual in a patient with no relevant medical history 

(e.g. a potential cause of cardiac damage), whereas a history of cardiovascular 

disease (e.g. myocardial infarction) greatly increases the likelihood of heart 

failure in a patient with appropriate symptoms and signs. 

 

Symptoms and signs may be particularly difficult to identify and interpret in 

obese individuals, in the elderly, and in patients with chronic lung disease. 

Further investigations may be required in cases of uncertainty. For example, a 
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chest X-ray is useful to confirm the presence of pulmonary congestion, and 

electrocardiography or echocardiography provides objective evidence of the 

underlying structural or functional cardiac abnormality that is thought to 

account for the patient’s symptoms and signs. Other tests (e.g. natriuretic 

peptide measurement) are discussed below. Importantly, investigations can aid 

but cannot replace a clinical diagnosis of heart failure. 

 

The full evaluation of the patient with suspected heart failure involves more 

than making the diagnosis. The aims of clinical assessment include: 

a) Consideration of differential diagnoses and confirmation of the diagnosis 

of heart failure 

b) Assessment of the severity of the syndrome 

c) Identification of the underlying cardiac abnormality, aetiology, and 

precipitating or exacerbating factors 

d) Identification of comorbidities that may impact management 

e) Estimation of prognosis 

 

2.1.3.  Differential Diagnoses 

 

a) Myocardial ischaemia 

b) Obesity and deconditioning 

c) Chest disease – including lung, pulmonary embolic, diaphragm, or chest 

wall disease 

d) Venous insufficiency in lower limbs 

e) Drug-induced ankle swelling (e.g. dihydropyridine calcium-channel 

blockers) or fluid retention (e.g. NSAIDs) 

f) Hypoalbuminaemia 

g) Intrinsic renal or hepatic disease 

h) Severe anaemia or thyroid disease 

i) Depression and/or anxiety disorders 

 

2.1.4.  Severity of Symptoms 

 

The degree of exertion required to elicit breathlessness is used to grade the 

severity of symptoms into four NYHA functional classes (Table 3). 

 

Table 3: NYHA functional classes of heart failure 

 

Grade Functional limitation Description 

Class I No limitations Ordinary physical activity does not 

cause fatigue or breathlessness 
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Grade Functional limitation Description 

Class II Slight limitation of 

physical activity 

Ordinary physical activity results in 

fatigue or breathlessness 

Class III Marked limitation of 

physical activity 

Less than ordinary physical activity will 

lead to symptoms, although patients are 

comfortable at rest 

Class IV Symptoms of heart 

failure at rest 

Inability to carry out any physical 

activity without discomfort 

 

 

The severity of symptoms is not necessarily equated with the severity of the 

underlying heart problem – some patients with severely reduced LVEF may 

have only mild or no symptoms (asymptomatic left ventricular systolic 

dysfunction), and vice versa. 

 

2.1.5.  Stages of Heart Failure 

 

Current international guidelines emphasise the progressive nature of heart 

failure,2–5 and the importance of recognising patients with asymptomatic 

structural or functional heart disease. Such patients should receive 

interventions aimed at modifying risk factors for heart failure or treating 

asymptomatic left ventricular dysfunction, to delay or prevent the progression 

to symptomatic heart failure. The progressive stages of heart failure are shown 

in Table 4. 

 

Table 4: Stages of heart failure 

 

Stages Definition 

Stage A 

Cardiovascular 

disease 

At risk for developing stages of heart failure, but no 

structural or functional abnormality detected and no 

symptoms or signs 

Stage B 

Structural/functional 

heart disease 

Structural or functional left ventricular disease present 

in a patient who has never developed symptoms or 

signs of stages of heart failure* 

Stage C 

Overt heart failure 

Symptomatic heart failure associated with underlying 

cardiac abnormalities† 

Stage D 

Terminal heart 

failure 

Advanced structural heart disease and severe 

symptoms despite maximal medical therapy 

*A patient who has developed an episode of heart failure in the past has transitioned from Stage B 

to Stage C, even if symptoms have been controlled with treatment or lifestyle change. 
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†Note that symptoms may fluctuate in a patient with Stage C heart failure, i.e. a Stage C patient 

may have NYHA Functional Class I–IV, depending on fluid status. 

 

2.1.6. Aetiology of Heart Failure 

  

Once the diagnosis of heart failure is established, it is very important to 

identify and treat the underlying cause of cardiac dysfunction, as well as 

precipitating factors, for acute decompensation (Table 5). 

 

Table 5: Causes of heart failure and precipitating factors for acute 

decompensation 

 

Causes of heart failure 

Ischaemia CAD 

Pressure overload Hypertension 

Cardiomyopathies Familial and nonfamilial (acquired) 

Drugs Cytotoxic agents 

Toxins Alcohol, cocaine 

Endocrine Diabetes mellitus, thyroid disorder, adrenal disorder, 

excess growth hormone, phaeochromocytoma 

Nutritional Deficiency of thiamine/selenium/carnitine, obesity, 

cachexia 

Infiltrative Sarcoidosis, amyloidosis, haemochromatosis, 

connective tissue disease 

Others HIV, peripartum, uraemia 

Precipitating factors 

Cardiac Cardiac arrhythmia, acute coronary syndrome, 

mechanical complications of myocardial infarction, 

cardiac tamponade, pericardial disease, infective 

endocarditis 

Pulmonary Acute pulmonary embolism, pneumonia, exacerbation 

of chronic obstructive lung disease/asthma 

Vascular Hypertensive crisis, aortic dissection 

Noncompliance Nonadherence to drugs or diet 

Others Anaemia, renal dysfunction, iatrogenic, thyroid 

dysfunction, toxins 

 

 

2.2. Investigations 
 

Investigations must fulfil at least one of the following roles: 
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Recommendation: 

 

• A full blood count should be performed inpatients presenting 

with heart failure or symptoms suggestive of heart failure.6,7 

(Grade C, Level 2+) 

 

Recommendation: 

 

• A renal panel should be performed routinely for patients 

presenting with heart failure and during routine follow-up of the 

patient.8–10 (Grade C, Level 2+) 

 

 

a) Identify the presence of abnormal cardiac structure and function that 

supports the clinical diagnosis 

b) Quantify abnormal cardiac structure and function 

c) Provide prognostic information 

d) Guide therapy 

e) Exclude conditions mimicking the signs and symptoms of heart failure 

 

2.2.1. Laboratory Tests 

 

Full Blood Count 

  

Anaemia may be an alternative cause of the patient’s symptoms and signs or a 

consequence of chronic heart failure. It carries prognostic information and 

may itself be a therapeutic target. 

 

 

 

 

 

 

 

 

Renal Panel 

 

The associative and causative relationship between heart failure and renal 

failure is well-recognised and the nomenclature has been defined into 

Cardiorenal Syndrome (CRS) types 1 to 5. There is also a need to monitor 

electrolytes and renal function prior to and after initiation of pharmacotherapy. 

 

 

 

 

 

 

 

 

Plasma Natriuretic Peptides 

 

Plasma BNP or NT-BNP may be used as an initial investigation to diagnose or 

exclude heart failure as a cause of shortness of breath, and to monitor and 

manage therapy. 
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Recommendation:  

 

• Plasma blood glucose should be measured in patients presenting 

initially with heart failure and during routine follow-up.14–17 (Grade 

B, Level 1+) 

 

Recommendations: 

 

• Plasma BNP or NT-BNP may be measured in patients presenting 

with heart failure or symptoms suggestive of heart failure, to 

guide diagnosis.11,12 (Grade B, Level 1+) 

• Plasma BNP or NT-BNP may be measured in patients during 

routine follow-up of patients with heart failure, to guide therapy.13 

(Grade B, Level 1+) 

 

 

 

 

 

 

 

 

Glucose 

 

Patients presenting with heart failure may have undiagnosed or pre-existing 

diabetes; patients with pre-existing or newly diagnosed diabetes have a worse 

prognosis. Even for patients without diabetes, there is an association between 

blood glucose and prognosis as well as functional capacity in chronic HFrEF. 

Plasma glucose is also an early prognostic indicator in AHF and may be a 

possible therapeutic target in the future. 

 

 

 

 

 

 

Cardiac Biomarkers 

 

Cardiac biomarkers, which are elevated in acute coronary syndrome, may also 

be elevated in AHF. These include HsTnT and assays cTnT, which are 

elevated in both acute and chronic heart failure without acute coronary 

syndrome; they provide additional prognostic information, even when used 

alongside other biomarkers such as plasma BNP/NT-proBNP. Cardiac 

biomarkers also serve to diagnose or exclude acute coronary syndrome, which 

is a possible precipitant of AHF.18 
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Arterial Blood Gas 

 

There is a lack of evidence for the routine measurement of arterial blood gas. 

In a small observational study, partial pressure of oxygen, partial pressure of 

carbon dioxide, and pH values did not predict mortality.22 There is no 

indication to routinely measure arterial blood gases in patients with acute 

decompensated heart failure, unless there is an increased respiratory rate of 

>22% or oxygen saturation <92%, despite high flow inspired oxygen 

(>8L/min) or when invasive or non-invasive ventilation is being considered. 

Venous blood gas is an acceptable alternative to reduce the risk of vascular 

injury. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Iron Status 

 

Iron deficiency due to both absolute and functionally depleted iron stores can 

occur with or without anaemia in heart failure. Iron status predicts both 

exercise capacity and prognosis and may, in itself, be a therapeutic target. 

Measurement of both serum ferritin and TSAT is necessary. 

 

 

 

 

 

Recommendation: 

 

• Cardiac biomarkers should be measured in patients presenting with 

acute decompensated heart failure.19–21 (Grade C, Level 2+) 

 

Recommendations:  

 

• Arterial blood gas should not be measured routinely in patients with 

haemodynamically stable acute decompensated heart failure.22 

(Grade C, Level 2+) 

• Arterial blood gas may be measured in select patients with acute 

decompensated heart failure if ventilator support is under 

consideration.23 (Grade B, Level 1+) 

• Venous blood gas may be measured in select patients with acute 

decompensated heart failure as an alternative to arterial blood gas if 

there is risk of vascular injury.24 (Grade B, Level 1+) 

 

Recommendation:  

 

• An iron panel consisting of serum ferritin and TSAT should be 

measured in patients with HFrEF.25–30 (Grade B, Level 1+) 
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Recommendation:  

 

• An electrocardiogram should be performed in all patients 

presenting with acute decompensated heart failure.31–34 (Grade C, 

Level 2+) 

 

Recommendation: 

 

• Chest X-ray should be performed as an initial investigation in all 

patients presenting with acute decompensated heart failure.36 

(Grade B, Level 1+) 

 

 

2.2.2. Imaging Tests 

 

Electrocardiogram 

 

Patients with chronic heart failure are unlikely to present with a normal 

electrocardiogram; however, 20% may have a normal electrocardiogram. 

Changes that may be seen include, but are not limited to: LVH, left axis 

deviation, LBBB, and pathological Q-waves. Presence of sinus tachycardia 

may suggest cardiac decompensation, and AF may be the cause or 

complication of heart failure with prognostic and therapeutic implications. 

Acute heart failure may also be a complication of ongoing STEMI. 

 

 

 

 

 

 

Chest X-Ray 

 

Chest X-ray may show prominent pulmonary vasculature suggestive of raised 

pulmonary pressures in AHF. A vascular pedicle width of >85mm suggests 

increased intravascular volume.35 It may also detect conditions causing 

shortness of breath and mimicking features of heart failure. 

 

 

 

 

 

 

Echocardiogram 

 

Echocardiogram improves the sensitivity and specificity of the diagnosis of 

heart failure in the acute setting, even after careful clinical history-taking and 

examination, and should include assessment of: 

a) Left ventricular systolic and diastolic function 

b) Cardiac haemodynamics 
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c) Chamber structure and size, including septal defects, valvular morphology 

and function 

 

A goal-directed FoCUS performed at the point of care may provide timely and 

critical information in aid of patient management. A FoCUS study should be 

considered as an extension of clinical examination.37 

 

2.2.3. Systolic and Diastolic Function 

 

Current pathophysiological classification, as well as management of heart 

failure, is predominantly based on the EF and classifies heart failure into 

HFrEF or HFpEF.38 This nomenclature replaces the old terms systolic and 

diastolic heart failure, respectively. This nomenclature has since been 

incorporated into major heart failure guidelines.39,40 

 

Ejection fraction is the most common method used for the assessment of 

systolic function. While this was initially assessed using radionuclide 

techniques,41 echocardiographic methods have since become more readily 

accessible and affordable. Ejection fraction was shown to be a prognostic 

indicator in patients with or without symptoms of heart failure. In addition, 

initial clinical trials for heart failure were mainly conducted among patients 

with a demonstrable reduction in EF. Visual estimation of systolic function in 

acute situations is adequate.42 

 

Diastolic dysfunction has been shown to be correlated with symptoms43 and 

prognosis in patients with HFrEF.44,45 Worsening diastolic function without 

heart failure has also been shown to have prognostic significance.46 

 

Cardiac Haemodynamics 

 

Pulmonary oedema and associated symptoms occur primarily due to raised 

LVEDP. It is not practical to monitor LVEDP safely in real-time. Therefore, 

surrogate measures of raised LVEDP are used to guide diagnosis and therapy. 

The most established invasive method is measurement of PCWP using a flow-

directed balloon-tipped catheter.47 
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Recommendations: 

 

• Pulmonary artery systolic pressure (PASP) may be estimated with 

Doppler interrogation of the tricuspid regurgitant jet (if present);48 this 

is a surrogate marker of left atrial pressure, which in turn, is a marker 

of left ventricular diastolic filling pressure. (Grade B, Level 2+) 

• Inferior vena cava (IVC) size may be used to estimate right atrial 

pressure, to guide therapy.49 (Grade B, Level 2+) 

 

 

 

 

 

 

 

 

 

 

Chamber Structure and Size, Including Valvular Morphology and Function 

 

A significant structural pathology, such as ventricular septal rupture or 

ischaemic mitral valve papillary muscle rupture, as a cause of AHF should be 

excluded. A complete echocardiographic study should include qualitative and 

quantitative analysis of significant valvular stenosis or regurgitation and 

exclude significant congenital structural heart diseases. 

 

Dyssynchrony 

 

Cardiac dyssynchrony study should not be performed routinely to select 

patients for CRT in patients with HFrEF and normal QRS width.50,51 

 

Stress and Viability Echocardiography 

 

Stress echocardiography may be used as an initial test to exclude ischaemic 

heart disease as a cause of cardiomyopathy. For the diagnosis of ischaemia, it 

has better specificity at the expense of lower sensitivity, when compared to 

MPI with SPECT imaging.52,53 

 

Among the various imaging modalities used for assessment of viability, the 

oldest and largest database exists for low-dose dobutamine stress 

echocardiography; patients with contractile reserve on stress 

echocardiography have a better prognosis than other imaging modalities. 

 

Stress echocardiography may have additional diagnostic and prognostic value 

in HFpEF. 
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Recommendations: 

 

• A FoCUS may be performed as an initial investigation in all 

patients presenting with AHF or symptoms mimicking heart 

failure.54,55 (Grade B, Level 1+) 

• A FoCUS should be performed in a patient with AHF post 

myocardial infarction or cardiac procedure to exclude for 

mechanical complications, e.g. ventricular septal rupture or 

ischaemic papillary muscle rupture.56,57 (Grade B, Level 2++) 

• A complete echocardiographic study, including measurement of 

systolic and diastolic parameters, haemodynamics, cardiac 

chamber size, and valvular function, should be performed in all 

patients presenting with heart failure.44,58–61 (Grade A, Level 1++) 

• A goal-directed strategy to titrate diuretics and vasodilator using 

FoCUS or other modalities may be performed in a patient with 

chronic stable heart failure and equivocal symptoms.62,63 (Grade 

C, Level 2+) 

• Assessment of viability and contractile reserve may be performed 

using dobutamine echocardiography.64 (Grade B, Level 1+) 

• Assessment of cardiac function with stress echocardiography may 

be performed in patients with possible HFpPEF for additional 

diagnostic and prognostic information.65,66 (Grade B, Level 1+) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.4. Cardiopulmonary Exercise Testing (CPET) 

 

In HFrEF, objective assessment of functional testing with measured Peak VO2 

or minute VE/VCO2 production relationship67 on a cardiopulmonary stress test 

provides prognostic information. Cardiopulmonary exercise testing (CPET) 

also provides additional diagnostic and prognostic information in patients with 

HFpEF.68,69 

 

However, functional assessment can be done using simple clinical history;70 

formal functional testing is not indicated unless there is a need to: 

a) Distinguish between cardiovascular versus respiratory disease as a cause 

of limitation of exercise in a patient affected by both conditions 

b) Consider cardiac transplantation 

c) Exercise prescription for cardiac rehabilitation 
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Recommendations: 

 

• A MDCT study may be performed to exclude significant CAD as 

an alternative to invasive coronary angiography in select 

patients.74 (Grade B, Level 2++) 

• A MDCT study may be performed in lieu of other established 

techniques if there are contraindications or lack of access to more 

established methods to identify delayed contrast 

enchancement.75,76 (Grade C, Level 2+) 

 

 

 

 

 

 

 

 

 

 

 

Multidetector Computed Tomography Coronary Angiography 

 

Multidetector computed tomography (MDCT) may be used as an alternative to 

direct invasive coronary angiography, to exclude significant coronary artery 

stenosis, particularly in patients with a low pre-test probability of coronary 

atherosclerosis and in the absence of significant renal impairment. 

Multidetector computed tomography may be used to identify delayed contrast 

enhancement in lieu of other more established techniques such as CMR, if 

there is a contraindication to the latter or if other techniques are not available; 

this provides additional prognostic data and predicts improvement in cardiac 

function. 

 

 

 

 

 

 

 

 

 

 

 

 

Myocardial Perfusion Imaging 

 

Myocardial perfusion imaging (MPI), using SPECT with thallium or 

technetium, may be used as an initial investigation to assess systolic function. 

It may be used to assess whether ischaemia could be a contributory factor to 

symptoms of dyspnoea or the cause of cardiomyopathy, as well as to guide 

therapy.77 However, data do not support the assessment of ischaemia as a 

Recommendations:  

 

• A CPET may be performed in patients with stable heart failure to 

risk stratify patients for cardiac transplant.71 (Grade C, Level 2+) 

• A CPET may be performed in patients with concomitant 

comorbidities and symptoms of uncertain aetiology.72 (Grade D, 

Level 3) 

• A CPET may be performed in patients to guide exercise 

prescription.73 (Grade C, Level 2+) 
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Recommendation: 

 

• Cardiac magnetic resonance may be used to help elucidate the 

aetiology of heart failure in patients with HFrEF or HFpEF.84,85 

(Grade B, Level 2++) 

guide to revascularisation, using either echocardiographic or MPI techniques 

in patients with both symptomatic or asymptomatic systolic dysfunction. 

 

Myocardial perfusion imaging with PET using F-18-fluorodeoxyglucose for 

initial assessment of cardiomyopathy may be considered for patients who are 

diagnosis-naïve;78 however, it is not as established as SPECT imaging. 

 

Viability imaging with MPI can be carried out with either technetium- or 

thallium-based SPECT or F-18-fluorodeoxyglucose-based PET imaging. All 

techniques confer similar sensitivity to predict improvement in wall motion 

with PET, showing improved specificity.79 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cardiac Magnetic Resonance (CMR) Imaging 

 

Cardiac magnetic resonance is indicated in select patients with heart failure of 

uncertain aetiology; it is also indicated for assessment of viability as an 

alternative to MPI. 

 

 

 

 

 

 

 

 

2.2.5 Invasive Tests 

 

Pulmonary Artery Catheterisation 

 

Recommendations:  

 

• Myocardial perfusion imaging may be used as an initial test to assess 

for ischaemia as the cause of cardiomyopathy in patients with 

HFrEF.80,81 (Grade B, Level 2++) 

• Myocardial perfusion imaging should not be used to routinely to 

assess for ischaemia or viability in patients prior to revascularisation 

in HFrEF.82 (Grade B, Level 1+) 

• Myocardial perfusion imaging may be used to assess for ischaemia 

or viability only in select patients prior to revascularisation without 

HFrEF.83 (Grade C, Level 2+) 
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Recommendations: 

 

• Coronary angiography may be performed in a patient with HFrEF 

as an initial investigation into the cause of cardiomyopathy.91 

(Grade C, Level 2+) 

• Urgent coronary angiography with a view to revascularisation 

should be performed in patient with clinical or electrocardiogram 

evidence of acute coronary syndrome and heart failure.92 (Grade 

A, Level 1++) 

 

Recommendations: 

 

• A pulmonary artery catheter should not be routinely placed in 

haemodynamically stable patients with acute heart failure.88 

(Grade B, Level 1+) 

• A pulmonary artery catheter or central venous catheter can be 

placed in a patient with acute heart failure in shock requiring high-

dose inotropes and/or co-concomitant illness to help guide 

therapy.89,90 (Grade D, Level 3) 

Pulmonary artery catheterisation (PAC) may demonstrate normal cardiac 

output and filling pressures in adequately treated patients with heart 

failure;86,87 however, it may be indicated in patients with concomitant systemic 

disease or to titrate vasodilator or inotropic therapy. Although this was not 

tested in a heart failure population, there may be no advantage of PAC over a 

simpler central venous catheter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coronary Angiography 

 

Coronary angiography may be performed to exclude the presence of 

significant coronary artery stenosis as the cause of cardiomyopathy, as clinical 

history and electrocardiogram may be inadequate. Urgent coronary 

angiography with a view to percutaneous coronary intervention should be 

carried out if there is evidence or suspicion of acute coronary syndrome 

causing heart failure. 

 

 

 

 

 

 

 

 

 

 

 

 

Electrophysiological Testing 
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Recommendation:  

 

• Patients with HFrEF who have asymptomatic non-sustained 

ventricular tachycardia should not undergo routine 

electrophysiological testing prior to the decision to implant a 

cardioverter defibrillator device.93 (Grade C, Level 2+) 

 

Recommendation: 

 

• Genetic testing in patients with HFrEF and HFpEF should only 

be performed with informed consent and facilities for counselling 

and follow-up.94 (Grade C, Level 2+) 

 

 

 

 

 

 

 

 

 

 

2.2.6.  Genetic Testing 

 

Genetic testing may be indicated in cardiomyopathy associated with muscular 

dystrophies, metabolic derangements, or in those with a strong family history 

of the same. However, at present, data on Asian cohorts are lacking and care 

must be taken when extrapolating results from other population groups. 

Genetic testing should be performed with informed consent and facilities for 

adequate counselling. 
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Recommendations: 

 

• Angiotensin-converting enzyme inhibitors should be used in all 

patients with HFrEF, unless contraindicated.60,61,95 (Grade A, 

Level 1++) 

• The dosage of ACEis should be uptitrated to levels that have been 

shown to be of benefit in major trials.96,97 If this is not possible, a 

lower dose of ACEi is preferable to none at all. (Grade A, Level 

1+) 

• Any ACEi may be used in HFrEF, as available data suggest that 

there are no differences among available ACEis in their beneficial 

effects on symptoms or survival.98 (Grade B, Level 1++) 

3. Pharmacological Management 
 

The aims of pharmacological therapy in HFrEF are: (1) to reduce morbidity 

and mortality while improving the quality of life through symptom control; 

and (2) to delay or halt the progression of heart failure. 

 

3.1. Angiotensin-Converting Enzyme Inhibitors 
 

It has been shown that chronic hyperactivation of the neurohormonal axis (the 

SNS and the RAAS) is important for the progression of heart failure;60 thus, 

its blockade has become one of the cornerstones of successful therapy for 

systolic ventricular dysfunction with or without heart failure.61 Angiotensin-

converting enzyme inhibitors work by inhibiting the RAAS system. 

 

Angiotensin-converting enzyme inhibitors are prescribed to reduce mortality, 

heart failure readmissions, and to improve symptoms, exercise tolerance, 

quality of life, and exercise performance. 

 

3.1.1. Indications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.2. Contraindications or Precautions 

 

Known contraindications to ACEi use are history of life-threatening adverse 

reactions during prior exposure (e.g. angioneurotic oedema, anuric renal 
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Recommendations: 

 

• If lower doses have been well-tolerated, the dosage should be 

titrated upwards at short intervals (e.g. after every 2 weeks) until 

the maximally tolerated or target dose (as used in large, 

randomised trials) is achieved. (Grade A, Level 1++) 

• Check blood pressure, renal function, and serum K+ soon after 

initiation of ACEi therapy or dose adjustment of ACEi (e.g. after 2 

weeks).99,100 (GPP) 

 

failure), known bilateral renal artery stenosis, and patients who are pregnant or 

are planning to get pregnant. 

 

Caution should be exercised in prescribing ACEis in patients with significant 

hyperkalaemia, significant renal dysfunction (creatinine >221µmol/L or 

>2.5mg/dL or eGFR <30mL/min/1.73m2), and symptomatic or severe 

asymptomatic hypotension (SBP <90mmHg). 

 

Drug interactions to look out for include: 

a) Potassium (K+) supplements/K+-sparing diuretics, e.g. amiloride and 

triamterene (including combination preparations with furosemide) 

b) Nonsteroidal anti-inflammatory drugs60 

c) “Low salt” substitutes with high K+ content 

 

 

3.1.3. Initiation and Dose Titration 

 

Treatment with an ACEi should be initiated at low doses (Table 4). 

 

Table 6 summarises the titration of ACEis. Upon achieving the target dose, 

further increments may be necessary in the presence of persistently elevated 

blood pressure. 

 

Table 6: Dosing guide for ACEi 

 

ACEi 
Starting dose 

(mg) 

Target dose 

(mg) 

Maximum dose 

(mg) 

Captopril 6.25 tds 50 tds 100 tds 

Enalapril 2.5 bd 10 bd 20 bd 

Lisinopril 2.5–5 once daily 20 once daily 40 daily 
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Recommendation: 

 

• Abrupt withdrawal of treatment with an ACEi can lead to clinical 

deterioration and should be avoided if not indicated. (GPP) 

 

Recommendations: 

 

• ARBs should be used in patients with HFrEF who are ACEi-

intolerant to reduce morbidity and mortality, unless 

contraindicated.101–103 (Grade A, Level 1+) 

• ARBs can be used as alternatives to ACEis as first-line therapy for 

patients with HFrEF, especially for patients already taking an ARB 

for other indications.104–107 (Grade A, Level 1+) 

• Routine combination of an ACEi, ARB, and MRA should not be 

used, as it is potentially harmful. This combination does not confer 

additional benefits and can contribute to a higher risk of adverse 

events such as hypotension, hyperkalaemia, and reduced renal 

function. (GPP) 

 

Ramipril 1.25–2.5 once 

daily or bd 

10 daily 

(or 5 bd) 

20 daily 

(or 10 bd) 

Perindopril* 

as erbumine 

(as arginine) 

2 once daily 

(2.5 once daily) 

4 once daily 

(5 once daily) 

8 once daily 

(10 once daily) 

Trandolapril 0.5 once daily 4 once daily 4 once daily 
*Data from a trial (PEP-CHF) showed improved morbidity but not mortality in patients ≥70 years 
old, with PEP-CHF. 

 

During episodes of AHF, oral disease-modifying HF therapy, including 

ACEis, should be continued, except in the presence of haemodynamic 

instability or biochemical adverse reactions. In such cases, the daily dosage of 

oral therapy may be reduced or stopped temporarily until the patient is 

stabilised.100 

 

 

 

 

 

 

3.2. Angiotensin II Receptor Blockers (ARBs) 
 

ARBs work by inhibiting RAAS. 

 

3.2.1. Indications 

 

3.2.2. Contraindications or Precautions 
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Recommendations: 

 

• If lower doses have been well-tolerated, the dosage should be titrated 

upwards at short intervals (e.g. after every 2 weeks), until the 

maximally tolerated or target dose (as used in large, randomised 

trials) is achieved. (Grade A, Level 1++) 

 

• Check blood pressure, renal function, and serum K+ soon after 

initiation or dose adjustment of ARB (e.g. after 2 weeks).100 (GPP) 

 

Recommendation: 

 

• In patients who develop angiooedema while on ACEis, ARBs can 

still be used, but caution is advised. (Grade D, Level 3) 

 

 

Although ARBs may be considered as an alternative therapy for patients who 

have developed angiooedema while taking an ACEi, there are some patients 

who may also develop angiooedema with ARBs. ARBs have been 

infrequently (0.1%) associated with angiooedema.108–111 (The other 

contraindications and precautions are similar to ACEis.) 

 

 

 

 

 

 

 

3.2.3. Initiation and Dose Titration 

 

Treatment with ARBs should be initiated at low doses (Table 5). 

 

 

Table 7 summarises the titration of ARBs to their respective target doses. 

(Only the following 3 ARBs have been studied in randomised heart failure 

trials.) 

 

Table 7. Dosing guide for evidence-based ARBs 

 

ARB Starting dose (mg) Target dose (mg) Maximum dose (mg) 

Candesartan 4–8 once daily 32 once daily 32 once daily 

Losartan* 25 once daily 150 once daily 150 once daily 

Valsartan 40 bd 160 bd 160 bd 
*Use is less well established in heart failure trials.112–114 

 

 



 

27 
 

Recommendations: 

 

• An evidence-based beta-blocker should be used in all patients with 

HFrEF, unless contraindicated.115–123 (Grade A, Level 1++) 

• Only evidence-based beta-blockers such as bisoprolol, carvedilol, 

metoprolol succinate, or nebivolol are recommended for use in 

HFrEF.117–125 (Grade A, Level 1+) 

 

Recommendation: 

 

• Abrupt withdrawal of treatment with an ARB can lead to clinical 

deterioration and should be avoided if not indicated. (GPP) 

 

Recommendation: 

 

• The order of commencing evidenced-based beta-blocker and ACEi 

(or ARB) is left to the individual physician, based on clinical 

circumstances.126,127 (Grade A, Level 1+) 

 

During episodes of AHF, oral disease-modifying HF therapy, including ARBs, 

should be continued, except in the presence of haemodynamic instability or 

biochemical adverse reactions. In such cases, the daily dosage of oral therapy 

may be reduced or stopped temporarily until the patient is stabilised.100 

 

3.3. Beta-adrenergic Blockers (Beta-blocker) 
 

Beta-blockers work in heart failure by inhibiting the SNS. The aim of beta-

blocker therapy and uptitration is to improve symptoms, reduce 

hospitalisation, improve survival, and improve quality of life. 

 

3.3.1. Indications 

 

Evidence-based beneficial beta-blockers are listed in Table 3. The use of beta-

blockers in HFrEF should not be considered as a class effect. Bucindolol has 

been shown to lack uniform effectiveness across different populations,124 and 

short-acting metoprolol tartrate has been found to be less effective than 

carvedilol in heart failure clinical trials.125 

 

RCTs suggest that major clinical outcomes are similar, regardless of whether a 

beta-blocker is started first followed by ACEi, or the opposite conventional 

order is followed.126,127 
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Recommendation:  

 

• Beta-blocker therapy for heart failure should be introduced in a “start 

low, go slow” manner. It is recommended to increase the dose 

gradually at intervals of 2weeks with reassessment of symptoms, 

blood pressure, and heart rate.115,118 (Grade A, Level 1++) 

 

Recommendation: 

 

• For stable patients, it is reasonable to add therapy with beta-blocking 

agents before full target doses of either ACEis or ARBs are reached. 

(Grade B, Level 1+) 

Patients need not take high doses of ACEis before initiation of beta-blocker 

therapy. In patients taking a low dose of an ACEi, the addition of a beta-

blocker produces a greater improvement in symptoms and reduction in the risk 

of death than does an increase in the dose of the ACEi, even to the target doses 

used in clinical trials.96,97 

 

3.3.2. Contraindications or Precautions 

 

Known contraindications to beta-blockers include active bronchial asthma, 

high-grade AV block without permanent pacemaker implant, patients on IV 

inotropic therapy. 

 

Clinicians must be cautious in prescribing beta-blockers in patients with 

severe (NYHA Class IV) heart failure; heart rate <60 beats/min; persisting 

signs of hypervolaemia (raised jugular venous pressure, ascites, marked 

peripheral oedema) and hypotension/low blood pressure (systolic <90mmHg); 

and sick sinus syndrome. 

 

Drug interactions to look out for include: 

a) Use of verapamil/diltiazem should be discontinued when a beta-blocker is 

used. 

b) Use of digoxin and/or amiodarone with a beta-blocker might result in 

severe bradycardia; thus indications should be reviewed and close 

monitoring is advised if concomitant use is indicated. 

 

3.3.3. Initiation and Dose Titration 
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Recommendation: 

 

• Beta-blockers should be and can be safely continued during AHF 

presentations, except in cardiogenic shock.100 (Grade A, Level 1+) 

Increments in the dose of a beta-blocker should be delayed until any 

worsening heart failure symptoms observed with lower doses have 

disappeared. 

 

When such a cautious approach was used, most patients (approximately 85%) 

enrolled in clinical trials and who received beta-blockers were able to tolerate 

short- and long-term treatment with these drugs and achieve the maximum 

planned trial dose.115,118 

 

Table 8 summarises the titration of evidenced-based beta-blockers to their 

respective target doses. 

 

Table 8: Recommended beta-adrenergic blockers dosing guide 

 

Beta-blocker Initial dose (mg) Target dose (mg) 

Bisoprolol 1.25 once daily 10 once daily 

Carvedilol* 3.125 twice a day 25–50 twice daily 

Metoprolol 

Succinate 

12.5–25 once daily 200 once daily 

Nebivolol† 1.25 once daily 10 once daily 
*For patients weighing >85kg, up to 50mg twice a day can be used. 

  

†The SENIORS trial showed a reduction in all-cause mortality or 

cardiovascular hospitalisation and cardiovascular mortality or cardiovascular 

hospitalisation in patients ≥70 years old.123 

 

During episodes of AHF, oral disease-modifying HF therapy, including beta-

blockers, should be continued, except in the presence of haemodynamic 

instability or biochemical adverse reactions. In such cases, the daily dosage of 

oral therapy may be reduced or stopped temporarily until the patient is 

stabilised.100 

Discontinuation of beta-blockers in patients hospitalised with AHF was 

associated with significantly increased in-hospital mortality, short-term 
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Recommendation: 

 

• An MRA should be used for symptomatic patients (NYHA classes II–

IV) with HFrEF (EF≤35%) already on an ACEi (or an ARB) and a 

beta-blocker, unless contraindicated.131,132 (Grade A, Level 1++) 

 

Recommendation: 

 

• An MRA is recommended in patients following a myocardial 

infarction who develop HFrEF (LVEF≤40%) or have a history of 

diabetes mellitus.134 (Grade A, Level 1+) 

 

mortality, and the combined endpoint of short-term rehospitalisation or 

mortality.128–130 

 

3.4. Mineralocorticoid Receptor Antagonist 
 

Aldosterone receptors within the heart can mediate cardiac fibrosis, 

hypertrophy, and arrhythmogenesis. 

 

Spironolactone and eplerenone (a selective aldosterone antagonist without 

antiandrogenic effects) are known as MRA, and they can attenuate these 

deleterious effects of aldosterone on the cardiovascular system. 

 

The aim of MRA therapy is to improve symptoms, reduce hospitalisation, 

improve survival, and improve quality of life. 

 

3.4.1. Indications 

 

Mineralocorticoid receptor antagonists have been shown to reduce the risk of 

sudden cardiac death, total and cardiovascular mortality in patients with 

HFrEF (LVEF≤45%).133       

3.4.2. Contraindications or Precautions 

 

Known contraindications to MRA include patients with significant renal 

impairment (serum creatinine >221mol/L[2.5mg/dL] or CrCl <30mL/min in 

elderly patients or patients with low muscle mass in whom serum creatinine 

does not accurately reflect GFR). 
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Caution should be exercised in prescribing MRA in patients with significant 

hyperkalaemia or history of hyperkalaemia. 
 

Drug interactions to look out for include: 

a) K+ supplements/K+-sparing diuretics, e.g. amiloride and triamterene 

(including combination preparations with furosemide) 

b) Nonsteroidal anti-inflammatory drugs 

c) “Low salt” substitutes with high K+ content 

 

3.4.3. Initiation and Dose Titration 

 

Table 9: Dosing guide for MRAs 

 

MRA Initial dose (mg) Target dose (mg) 

Spironolactone eGFR ≥50 
mL/min/1.73m2 

12.5 to 25 once daily 

 

eGFR 30–49 

mL/min/1.73m2 

12.5 once daily or 

alternate days 

eGFR ≥50 mL/min/1.73m2 

25 once or twice daily 

 

 

eGFR 30–49 

mL/min/1.73m2 

12.5 to 25 once daily 

 

Eplerenone 

 

eGFR ≥50 

mL/min/1.73m2 

25 once daily 

 

eGFR 30–49 

mL/min/1.73m2 

25 once daily or alternate 

days 

eGFR ≥50 mL/min/1.73m2 

50 once daily 

 

 

eGFR 30–49 

mL/min/1.73m2 

25 once daily 

 

 

Spironolactone can cause breast discomfort and/or gynaecomastia in men that 

is usually reversible and dose-related. 

 

Consider switching to eplerenone, a selective aldosterone antagonist without 

antiandrogenic effects. 

 

Consider uptitration of dose after 4–8 weeks. 

 

3.5.  Angiotensin Receptor Neprilysin Inhibitor 
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Recommendation: 

 

• Angiotensin receptor neprilysin inhibitor is recommended as a 

replacement for ACEi or ARB to further reduce the risk of HF 

hospitalization and death in ambulatory patients with HFrEF who 

remain symptomatic despite optimal treatment with an ACEi or 

ARB, a beta-blocker, and an MRA.137 (Grade B, Level 1+) 

  

Angiotensin receptor neprilysin inhibitor is a combination of ARB and 

neprilysin inhibitor. The only currently available ARNIs are valsartan and 

sacubitril. 

 

Angiotensin receptor neprilysin inhibitor inhibits neprilysin, thus slowing the 

breakdown of natriuretic peptides, bradykinin, and other peptides. The 

resulting higher levels of these vasoactive peptides augment the generation of 

cyclic guanosine monophosphate, thereby enhancing diuresis, natriuresis, 

myocardial relaxation, and anti-remodelling actions. Angiotensin receptor 

neprilysin inhibitor also inhibits renin and aldosterone secretion. This reduces 

vasoconstriction, sodium and water retention, and myocardial 

hypertrophy.135,136 

 

3.5.1 Indications 

3.5.2  Contraindications and Precautions 

 

Known contraindications to ARNI include history of life-threatening adverse 

reactions during prior exposure (e.g. angioneurotic oedema, anuric renal 

failure) to ACEi or ARB, known bilateral renal artery stenosis, severe hepatic 

impairment (Child-Pugh C classification), and patients who are pregnant or 

are planning to get pregnant. 

 

Caution should be exercised while prescribing ARNI in patients with 

significant hyperkalaemia, significant renal dysfunction (creatinine 

>221µmol/L or >2.5mg/dL or eGFR <30mL/min/1.73m2), symptomatic or 

severe asymptomatic hypotension (SBP <90 mmHg). 

 

Angiotensin receptor neprilysin inhibitor should not be administered 

concomitantly with ACEis or within 36 hours of the last dose of an 

ACEi.138,139 
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Combined treatment with an ACEi, ARB, or direct renin inhibitor and ARNI 

is contraindicated. 

 

3.5.3  Initiation and Dose Titration 

 

Stop existing ACEi for at least 36 hours before initiation of ARNI, to prevent 

chances of angiooedema, as concomitant inhibition of both ACE and 

neprilysin can increase bradykinin, which directly or indirectly can cause 

angiooedema. 

 

Start with standard starting dose at 100 mg BD. Initiate a lower dose of 50 mg 

BD in the following patients: (1) those not taking an ACEi or other ARB, or 

previously taking a low dose of these agents when initiating treatment, and (2) 

those with severe renal impairment (eGFR <30mL/min/1.73m2), or moderate 

hepatic impairment (Child-Pugh B classification). 

 

If lower doses are well-tolerated, the dosage should be titrated upwards at 

short 2–4-week intervals, until the maximally tolerated or target dose of 200 

mg BD is achieved. 

 

Symptomatic hypotension is more common in patients aged ≥75 years. Thus, 

take greater precautions in patients belonging to this age group.137 

 

Check blood pressure, renal function, and serum potassium soon after 

initiation or dose adjustment of medication (e.g. after 2 weeks). 

 

During episodes of AHF, oral disease-modifying HF therapy should be 

continued, except in the presence of haemodynamic instability or biochemical 

adverse reactions. In such cases, the daily dosage of oral therapy may be 

reduced or stopped temporarily until the patient is stabilised. 

 

Serum NT-ProBNP, but not serum BNP, is an accurate biomarker of cardiac 

wall stress (levels increase with increased cardiac wall stress) when ARNI is 

used, as, unlike BNP, NT-proBNP is not a substrate for neprilysin.140 

 

3.6 Ivabradine 

 

Ivabradine is a direct sinus node inhibitor. It inhibits the If channel in the sinus 

node. Its pharmacological effect is to slow the heart rate in patients in sinus 

rhythm. 
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Recommendations: 

 

• Ivabradine can be used in symptomatic (NYHA classes II–IV) HFrEF 

patients in sinus rhythm with an EF≤35%, a heart rate ≥70 beats/min, 

despite treatment with evidence-based beta-blocker, ACEi (or ARB), 

and an MRA.141 (Grade B, Level 1+) 

• Ivabradine may be considered in patients in sinus rhythm with an 

EF≤35%, a heart rate ≥70 beats/min who are unable to tolerate a beta-

blocker. Patients should also receive an ACEi (or ARB) and an MRA. 

(Grade B, Level 1+) 

 

The aim of ivabradine therapy by slowing the heart rate is to improve 

symptoms, reduce hospitalisation, and improve quality of life. 

 

3.6.1.  Indications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.6.2. Contraindications or Precautions 

 

Known contraindications to ivabradine include pregnancy, lactation, 

cardiogenic shock, acute myocardial infarction, severe hypotension (<90/50 

mmHg), moderate-to–severe hepatic insufficiency, severe renal dysfunction 

(no evidence on safety or pharmacokinetics for CrCl<15mL/min), sick sinus 

syndrome, sinoatrial block, or high-grade AV block. 

 

Ivabradine is not recommended in patients with AF or other cardiac 

arrhythmias that interfere with sinus node rhythm; regular monitoring is 

needed for AF occurrence. 

 

Drug interactions to look out for include: 

 

a) The concurrent use of ivabradine with strong cytochrome P450 inhibitors 

(such as the azole antifungals, macrolides, HIV protease inhibitors, 

nefazodone), is contraindicated. 

b) The concomitant use of ivabradine with medications that prolong the QT 

interval should be avoided, since QT prolongation may be exacerbated by 

heart rate reduction. 

c) The concomitant use of ivabradine with heart rate-reducing calcium-

channel blockers such as verapamil or diltiazem is not recommended. 

 

3.6.3. Initiation and Dose Titration 
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Recommendations: 

 

• Initiate with a dose of ivabradine 5mg twice daily and titrate to 7.5mg 

twice daily after 2–4 weeks if the resting heart rate is above 70 

beats/min. Titrate downward to 2.5 mg twice daily if the patient 

develops bradycardia symptoms (e.g. dizziness, fatigue) or if the 

resting heart rate is persistently less below50 beats/min. Discontinue if 

heart rate is below 50 beats/min and symptoms persist.142 (GPP) 

• Consider a lower starting dose of ivabradine 2.5mg twice daily in 

patients ≥75 years of age. Titrate upwards, if necessary, to reach target 

heart rate safely.142 (GPP) 

 

Recommendation:  

 

• Hydralazine plus isosorbide dinitrate may be considered as an 

alternative to an ACEi or ARB if neither is tolerated in HFrEF 

patients:  

a) With an EF≤45% and dilated left ventricle 

b) With an EF≤35% 

 

Patients should also receive a beta-blocker and an MRA.39 (Grade B, 

Level 1+) 

 

This is to reduce the risk of heart failure hospitalization and risk of 

premature death.59,142  

 

 

Luminous phenomena (phosphenes), i.e. enhanced brightness in the visual 

field, have been reported in 14.5% of patients. These effects appear generally 

within the first two months of initiation, and the frequency increases with the 

dose of ivabradine. Visual disturbances usually resolve upon discontinuation 

of the drug. 

 

3.7 Vasodilators (Hydralazine Plus Isosorbide Dinitrate) 
 

Hydralazine plus isosorbide dinitrate (H-ISDN) combination is a vasodilator 

that helps in HFrEF by improving the haemodynamic profile of the patient.139 

 

3.7.1. Indications 
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Recommendation: 

 

• Hydralazine plus isosorbide dinitrate may be considered in addition 

to treatment with a beta-blocker, ACEi (or ARB), and an MRA in 

persistently symptomatic patients. (Grade C, Level 2+) 

 

This is to reduce the risk of heart failure hospitalization and risk of 

premature death in patients with persisting symptoms (NYHA 

classes II–IV). However, it has been demonstrated to be of benefit in 

African Americans with HFrEF, and in NYHA III–IV, but this is of 

limited applicability in Singapore context.144 

Recommendations: 

 

• Start with initial dose of hydralazine 10 mg TDS-QDS, stepping up 

to 25 mg TDS-QDS and thereafter at 25-mg increments per dose 

(e.g. 25 mg TDS-QDS to 50 mg TDS-QDS etc) up to maximum of 

300 mg a day (see Table 10).144 (GPP) 

• Isosorbide dinitrate may be initiated at 5–10mg TDS-QDS and 

stepped up as tolerated, up to 120–240mg per day.144 (GPP) 

• Switching to isosorbide mononitrate may be considered if the 

patient is tolerating isosorbide dinitrate.144 Compliance may be an 

issue due to the multiple tablets and side effects.142  

• If systolic blood pressure is <80mmHg and/or patient has signs of 

orthostasis with vasodilator therapy, do not begin or increase 

dose.144 (GPP) 

 

3.7.2. Contraindications and Precautions 

 

Hydralazine hydrochloride can cause reflex tachycardia, potentially leading to 

myocardial ischaemia and angina attacks. Careful clinical and haemodynamic 

monitoring is recommended when H-ISDN is administered to patients with 

acute myocardial infarction, to avoid the hazards of hypotension and 

tachycardia. 

 

Augmentation of the vasodilatory effects of isosorbide dinitrate by 

phosphodiesterase inhibitors such as sildenafil, vardenafil, or tadalafil could 

result in severe hypotension; hence, this combination is contraindicated. 

 

3.7.3. Initiation and Dose Titration 
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Recommendations: 

 

• Digoxin may be considered in persistently symptomatic HFrEF 

patients in sinus rhythm, with an EF≤45% (NYHA classes II–IV) 

despite treatment with a beta-blocker, ACEi (or ARB), and an MRA.145 

(Grade B, Level 1+) 

• This is to reduce the risk of heart failure hospitalisation.145 Treatment 

with digoxin has been shown to improve symptoms, quality of life, and 

exercise tolerance in patients with mild-to–moderate heart failure.146–

150  

• In patients with symptomatic heart failure and atrial fibrillation, 

digoxin may be used to slow a rapid ventricular rate, although other 

treatments are preferred. See the section on arrhythmia.151 (Grade B, 

Level 1+) 

Table 10: Dosing guide for H-ISDN 

 

Drug Initial dose 

(mg) 

Target dose 

(mg) 

Maximum dose 

(mg) 

Hydralazine 10 tds–qds 75 tds 75 qds or 100 tds 

Isosorbide dinitrate 5–10 tds–qds 30 qds or 40 tds 60 qds or 80 tds 
tds: Three times daily; qds: Four times daily. 

 

3.8.  Digoxin 
 

Digoxin is a cardiac glycoside. It acts as an oral inotrope by inhibiting 

myocardium sodium–potassium ATPase. Blockade of this enzyme has been 

associated with improved inotropic responsiveness in patients with ventricular 

dysfunction. 

 

Digoxin may also sensitise cardiopulmonary baroreceptors, reduce central 

sympathetic outflow, increase vagal activity, and reduce renin secretion. 

 

3.8.1 Indications 

 

Digoxin is not indicated as primary therapy for the stabilisation of patients 

with an acute exacerbation of heart failure symptoms, including fluid retention 

or hypotension. 

 

3.8.2. Contraindications and Precautions 
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Recommendation: 

 

• Initiate digoxin at a dose of 62.5–125 mcg daily. Low doses (62.5mcg 

daily or every other day) may be used initially, if the patient is >70 

years old, has impaired renal function, or has a low lean body mass.146 

(GPP) 

 

 

Contraindications to the use of cardiac glycosides include bradycardia, second 

and third atrioventricular block, sick sinus syndrome, carotid sinus syndrome, 

Wolff-Parkinson-White Syndrome, hypertrophic obstructive cardiomyopathy, 

hypokalaemia, and hyperkalaemia. 

 

Digoxin should be used cautiously in patients taking other drugs that can 

depress sinus or atrioventricular nodal function or affect digoxin levels (e.g. 

amiodarone), even though such patients usually tolerate digoxin without 

difficulty. 

 

3.8.3.  Initiation and Dose Titration 

 

 

 

 

 

 

 

 

 

Higher doses (>250mcg daily) are rarely used or needed in the management of 

patients with heart failure in the absence of AF. 

 

Loading doses of digoxin to initiate therapy in patients with heart failure are 

not recommended. In the majority of patients, there is no need to uptitrate the 

dosage of digoxin. Digoxin at a serum concentration between 0.5 and 0.9 

ng/mL has been shown to reduce mortality and hospitalisation in all heart 

failure patients.152 

 

However, routine monitoring of serum digoxin level is often not required. 

Consider obtaining digoxin level if: 

a) Renal function worsens 

b) Patient exhibits signs of toxicity (see below) 

c) There is a high level of suspicion of patient noncompliance 

 

The dose of digoxin may need to be reduced when drugs that increase serum 

digoxin concentration are added (e.g. amiodarone). 

 

If a patient is currently on digoxin, but not an ACEi (or ARB) or beta-blocker, 

treatment with digoxin should not be withdrawn. Instead, appropriate therapy 

with ACEi and/or beta-blocker should be instituted.153 Digoxin doses may 
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Recommendation: 

 

• Diuretics should be used in patients with HFrEF who have evidence 

of fluid retention, unless contraindicated, to improve symptoms.159,160 

(Grade C, Level 2+) 

 

require reduction while optimising beta-blocker therapy, because of the risk of 

bradycardia. 

 

3.8.4.  Digoxin Toxicity 

 

Digoxin toxicity manifests as confusion, nausea, visual disturbances (blurred 

vision, halos around bright objects, yellow discolouration), anorexia, 

arrhythmia. 

 

Overt digitalis toxicity is commonly associated with serum digoxin levels 

>2ng/mL. However, toxicity may occur with lower digoxin levels, especially 

if hypokalaemia, hypomagnesaemia, or hypothyroidism coexists.154,155 

 

3.9.  Diuretics 
 

Diuretics inhibit the reabsorption of sodium or chloride at specific sites in the 

renal tubules. Loop diuretics (e.g. bumetanide, furosemide) act at the loop of 

Henle; thus the term “loop diuretics”. Thiazides (e.g. metolazone, 

hydrochlorothiazide) act in the distal portion of the tubule.156,157 

 

Loop diuretics have emerged as the preferred diuretic agent for use in most 

patients with heart failure. Thiazide diuretics may be considered in 

hypertensive patients with heart failure and mild fluid retention because they 

confer more persistent antihypertensive effects.158 

 

Diuretics have been shown to increase urine sodium excretion and decrease 

the physical signs of fluid retention, thereby rapidly improving symptom 

status. The effects of diuretics on morbidity and mortality are, however, not 

known.  

 

3.9.1. Indications 
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There are no RCTs assessing the effects of diuretics alone on symptoms or 

survival. When used, diuretics should always be used in addition to standard 

therapy.  

 

3.9.2. Contraindications and Precautions 

 

Diuretics are contraindicated in patients with anuria.  

 

3.9.3. Initiation and Dose Titration 

 

Diuretics are generally combined with moderate dietary sodium and fluid 

restriction to achieve and maintain euvolaemia. 

 

Appropriate use of diuretics is a key element in the success of standard 

therapy used for the treatment of heart failure. The use of inappropriately low 

doses of diuretics will result in fluid retention, which can diminish response to 

ACEis and increase the risk of symptoms with beta-blockers.161 

 

Conversely, the use of inappropriately high doses of diuretics will lead to 

volume contraction, which can increase the risk of hypotension and the risk of 

renal insufficiency, especially with ACEis or ARBs.162,163 

 

Commonly used oral diuretics are listed in Table 11.  

 

Table 11: Diuretics recommended for use in treatment of fluid retention in 

heart failure 

 

Drug Usual oral daily dose (mg) 

Loop diuretics 

Bumetanide 

Frusemide 

 

0.5-6 daily (in 2 to 3 divided doses) 

20-240 daily (in 2 to 3 divided doses) 

Thiazide diuretics (for sequential 

blockade) 

Hydrochlorothiazide 

Metolazone 

 

 

12.5–25 once to twice daily 

2.5–5 once daily or alternate day 

 

In outpatients with heart failure symptoms, diuretic therapy is commonly 

initiated with low doses, and the dose is increased until urine output increases 

and weight decreases, generally by 0.5 to 1.0 kg daily. Increases in the dose or 

frequency (i.e. twice-daily dosing) of diuretic administration may be required 
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Recommendation: 

 

• Once euovlaemia is attained, the diuretic dose should be decreased, if 

possible, to a minimum dose needed to maintain clinical euvolaemia. 

The dose should be regularly reassessed, as it may need to be adjusted 

according to volume status. (GPP) 

Recommendation: 

 

• At each consultation, it is advisable to record the patient’s body 

weight, assess for symptoms of hypervolaemia, and examine for signs 

of hypervolaemia (e.g. estimates of jugular venous pressure and the 

presence of peripheral oedema or orthopnoea or third heart sound).165–

167 (Grade B, Level 2+) 

 

to maintain an active diuresis with the aim of achieving and then maintaining 

euvolaemia.164 

 

Check volume status, blood pressure, renal function, and serum potassium 

soon after initiation or dose adjustment of medication (e.g. after 2 weeks). 

 

Patients are commonly prescribed a fixed dose of diuretic, but the diuretic 

dose may need adjustment.164 In many cases, this adjustment can be 

accomplished by having patients record their weight each day and by adjusting 

the diuretic dosage if weight increases or decreases beyond a specified range.  

 

 

 

 

 

 

 

 

 

 

3.9.4. Diuretic Resistance 

 

If there is insufficient response to the diuretic by the patient, and more diuresis 

is needed, consider the following: 

a) The patient is consuming large amounts of overt or covert dietary sodium; 

b) The patient is taking agents that can diminish diuretic effects, e.g. 

NSAIDs,168 COX-2 inhibitors;169 

c) There is significant impairment of renal function or perfusion;170 

d) Impaired or delayed absorption of oral diuretic. 

 

The following strategies can be used to manage diuretic resistance: 

a) Review patient’s diet for dietary sodium indiscretion 

b) Review patient’s medications for agents that can diminish diuretic effects 

c) Assess for and treat renal impairment, if present 

d) Increasing dose and/or frequency of loop diuretics 
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e) Combination of different diuretic classes (e.g. metolazone or 

hydrochlorothiazide with a loop diuretic)171,172 (Chronic combined use of 

multiple diuretics can cause electrolyte shifts and volume depletion; hence 

volume status and electrolytes must be monitored closely.) 

f) Admit patient for IV diuretic, and if that is still inadequate, switch from 

IV bolus to IV continuous infusion of diuretic.173 

 

3.9.5.  Side Effects 

 

The principal adverse effects of diuretics include electrolyte and fluid 

depletion, as well as hypotension and azotaemia.  

 

Diuretics can cause the depletion of potassium and magnesium, which can 

predispose patients to serious cardiac arrhythmias, particularly in the presence 

of digoxin therapy.174 The risk of electrolyte depletion is markedly enhanced 

when two diuretics are used in combination.164 

 

When the patients are treated with diuretics, especially at high doses and in 

combination, it is recommended to carefully observe for the development of 

the following side effects:  

 

a) Electrolyte abnormalities 

b) Renal dysfunction  

c) Symptomatic hypotension 

d) Ototoxicity (with higher IV doses) 

e) Gout flares 

 

Hypokalaemia may be corrected with the use of potassium supplements. When 

MRA is concurrently used, long-term oral potassium supplementation may not 

be required. 

 

Worsening renal function is common with excessive diuresis, especially when 

patients are receiving ACEi or ARB. Reduction in the diuretic dose and 

restoration of euvolaemia will likely return renal function to baseline in almost 

all cases, unless hypovolaemia has been prolonged. In the presence of renal 

impairment, consider discontinuing nephrotoxic drugs. 

 

Hypotension may be a sign of volume depletion. Symptoms of hypotension 

may include fatigue and shortness of breath, rather than the more predictable 

symptom of dizziness. 
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Recommendations: 

 

• In patients with heart failure and type 2 diabetes mellitus, 

combination therapy with any SGLT2i should be considered to reduce 

HF hospitalization and death in patients with HFrEF (LVEF of less 

than or equal to 40%) who remain symptomatic despite optimal 

medical treatment (ACEi or ARB or ARNI, beta-blocker, and MRA) 

in the absence of severe renal impairment. (Grade B, Level 2+) 

• In patients with heart failure without diabetes mellitus, dapagliflozin 

can reduce the risk of HF hospitalization and death in patients with 

HFrEF (LVEF of less than or equal to 40%) who remain symptomatic 

despite optimal medical treatment (ACEi or ARB or ARNI, beta-

blocker, and MRA), and in the absence of severe renal impairment. 

(Grade B, Level 2+) 

 

 

 

Cases of tinnitus and reversible or irreversible hearing impairment and 

deafness have been reported with certain diuretics. Reports of frusemide 

ototoxicity may be due to rapid injection, severe renal impairment, the use of 

higher-than–recommended doses, hypoproteinaemia, or concomitant therapy 

with ototoxic drugs, e.g. aminoglycoside antibiotics. 

 

To reduce the risk of gout flares, use the minimal dose of diuretics needed to 

obtain and maintain euvolaemia. Avoid NSAIDs and COX-2 inhibitors for 

analgesia.100 Use colchicine with caution in patients with heart failure and 

concomitant renal impairment. 

 

3.10. Sodium-Glucose Co-Transporter-2-Inhibitors  

 
Sodium-Glucose Co-Transporter-2 Inhibitors (SGLT2i) have been shown to 

reduce the risk of heart failure-associated events in patients with type 2 

diabetes mellitus and high cardiovascular risk.175-177 There are ongoing trials 

to evaluate the efficacy of SGLT2i in heart failure patients without diabetes 

mellitus. In the DAPA-HF trial, dapagliflozin reduced the risk of worsening 

heart failure events and cardiovascular deaths, and improved symptoms when 

added to standard therapy in patients with HFrEF regardless of diabetes 

mellitus status.178 The beneficial effect on heart failure-associated events seen 

with DAPA-HF was likely due to a SGLT2i class effect. 

 

The mechanism of SGLT2i reducing heart failure-associated events could be 

related to direct effects on cardiac metabolism and function or effects on 

hemodynamic parameters such as reduced plasma volume, decrease in blood 

pressure and weight reduction. 

 
3.10.1. Indications 
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Recommendation: 

 

• An n-3 PUFA preparation may be considered in patients with NYHA 

II-IV HFrEF (EF ≤40%) to reduce the risk of all-cause mortality, 

cardiovascular mortality, and cardiovascular hospitalization in 

patients treated with an ACEi (or ARB), beta-blocker, and an 

MRA.100,180 (Grade B, Level 1+) 

 

 

3.10.2. Contraindications or Precautions 

 
SGLT2i should not be used in patients with significant renal impairment 

(eGFR less than 30ml/min/1.73m2). There is an increased risk of genital 

mycotic infections (balanitis in males, and vaginitis in females) associated 

with the use of SGLT2i. As SGLT2i have blood pressure lowering effects, 

patients should be monitored for symptomatic hypotension. SGLT2i should be 

suspended during diabetic ketoacidosis, and prior to events that may 

precipitate diabetic ketoacidosis. Rare cases of necrotising fasciitis of the 

perineum in patients on SGLT2i have been reported. 

 
3.10.3. Initiation Dosing Guide for SGLT2i in Heart Failure 

 
When used to treat heart failure, suggested dose is Dapagliflozin 10mg once 

daily. There is an ongoing clinical trial using Empagliflozin 10mg once 

daily.179  

 

3.11. n-3 PUFA 
 

 

 

 

 

 

 

 

 

 

 

The recommended dose of n-3 PUFA preparation is 1 g daily (850 to 882 mg 

of EPA and DHA as ethyl esters in the ratio of 1:1.2).181 Also, n-3 PUFA 

preparations differ in composition, and the dose may be important. 

 

This therapy has been safe and very well-tolerated.182 The main adverse 

effects of n-3 PUFAs reported in trials were nausea and other minor 

gastrointestinal disturbances. 

 

3.12.  Drugs of Unproven Benefit in Heart Failure 
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There are several drugs that have shown promise in the therapy of HFrEF. 

However, subsequent trials have not demonstrated any clear benefit in heart 

failure (Table 12). 

 

Table 12: Drugs of unproven benefit in heart failure 

 

Drug 

 

Comments 

3-hydroxy-3-

methylglutaryl-

coenzyme A 

reductase 

inhibitors (Statins) 

Although there is strong evidence for the benefit of 

statins in patients with atherosclerotic disease, most 

trials excluded patients with heart failure (as it was 

uncertain whether they would benefit).183 Two trials 

studied statin treatment specifically in patients with 

chronic HFrEF and did not demonstrate convincing 

evidence of benefit (although there was little evidence 

of harm).184,185 

Thus, statins are not beneficial as adjunctive therapy 

when prescribed solely for the diagnosis of heart 

failure in the absence of other indications for their use. 

 

Oral anticoagulants Oral anticoagulants can be used in heart failure (HFrEF 

and HFpEF) patients with AF with additional risk 

factors for cardioembolic stroke.186,187 

 

There is, however, no evidence that an oral 

anticoagulant reduces morbidity and mortality to a 

greater extent compared with placebo or aspirin in 

patients with HFrEF in sinus rhythm, without prior 

thromboembolic event of a cardioembolic source.188 

 

Direct renin 

inhibitor (aliskiren) 

Aliskiren, in addition or as replacement of standard 

therapy, did not show benefits but increased the 

incidence of adverse events in two heart failure 

trials.189–193 

 

There are concerns about renal dysfunction, 

hyperkalaemia, and hypotension, as well as increased 

stroke incidence, with the use of direct renin 

inhibitors.194 

Aliskiren is not recommended as an alternative to an 

ACEi or ARB in heart failure. 
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3.13.  Drugs to Avoid or to Use With Caution 
 

There are drug therapies that may cause harm in patients with symptomatic 

(NYHA classes II–IV) HFrEF and, thus, should be avoided. If they are 

strongly indicated, they are to be used with caution, and with close monitoring 

(Table 13). 

 

Table 13: Drugs to be avoided or used with caution 

 

Drug Comments 

Metformin  

 

The use of metformin appeared to be safe in a recent 

analysis of patients with heart failure, except in cases of 

concomitant renal impairment.195 

Thiazolidinediones 

(glitazones) 

These drugs should be avoided, and alternatives should 

be used. They worsen heart failure and increase the risk 

of heart failure hospitalisation.196–198 

Nonsteroidal anti-

inflammatory drugs 

and COX-2 

inhibitors  

 

They should be avoided, if possible, and alternatives 

should be used. These drugs may cause sodium and 

water retention, worsening of renal function, and 

worsening of heart failure.199–201 

Non-dihydropyridine 

calcium-channel 

blockers (verapamil, 

diltiazem) 

They should not be used, as they have a negative 

inotropic effect and can cause worsening of heart 

failure.202 

Nutritional 

supplements (e. g. 

coenzyme Q10, 

carnitine, taurine, 

and antioxidants) 

No clinical trials have demonstrated conclusively 

improved clinical outcomes and survival rates with the 

use of these nutritional supplements. Until more data are 

available, nutritional supplements are not recommended 

for the treatment of heart failure.164,203–206 

Anti-arrhythmic 

agents (apart from 

beta-blockers and 

amiodarone) 

Most antiarrhythmics have a few negative inotropic 

effects and some anti-arrhythmic drugs, particularly class 

I and class III drugs, have proarrhythmic effects. Hence, 

class I sodium channel antagonists and class III 

potassium-channel blockers such as d-sotalol and 

dronedarone should be avoided in patients with heart 

failure. Amiodarone and dofetilide are the only anti-

arrhythmic agents noted to have neutral effects on 

mortality in clinical trials involving patients with heart 

failure and, thus, are preferred drugs for treating 

arrhythmias in this patient group.164,207–210 



 

47 
 

Trastuzumab  

 

This drug has been associated with the development of 

reduced LVEF and heart failure. Hence, it is 

contraindicated in patients with symptomatic heart 

failure or reduced LVEF (<45%). Baseline and periodic 

evaluation of cardiac status, including assessment of 

LVEF, should be done in patients on trastuzumab.211,212 

Tyrosine kinase 

inhibitors such as 

sunitinib  

 

 

They have been associated with hypertension, reduced 

LVEF, and heart failure.213 The risk–benefit profile must 

be considered with these agents in patients with a history 

of symptomatic heart failure or cardiac disease. Baseline 

and periodic evaluation of LVEF should be considered, 

especially in the presence of cardiac risk factors.212 
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4.  Treatment Using Cardiac Implantable Electronic Devices 

 

4.1. Cardiac Implantable Electronic Devices 
 

Large randomised clinical trials have clarified the roles of implantable devices 

in patients with heart failure. Devices like Implantable Cardioverter-

Defibrillator (ICD), and devices with Cardiac Resynchronisation Therapy 

(CRT), or their combination have been proven to be beneficial therapies for 

selected group of patients with HFrEF. This section provides 

recommendations for the use of ICDs and CRTs in patients with heart failure. 

 

4.1.1.  Implantable Cardioverter-Defibrillators Therapy 

Optimal medical therapy (OMT) in patients with systolic heart failure 

significantly reduces the risk of sudden cardiac death. Despite OMT, these 

patients remain at increased risk for sudden cardiac death due to ventricular 

tachyarrhythmias. Patients with prior history of sustained ventricular 

tachycardia, ventricular fibrillation, resuscitated cardiac arrest, or unexplained 

syncope in the setting of severely depressed LVEF are at the highest risk for 

recurrence. Evidence from multiple RCTs supports the use of ICDs for the 

secondary prevention of sudden cardiac arrest, regardless of the aetiology of 

heart disease. In these patients, ICD is associated with a clinically and 

statistically significant reduction in sudden death and total mortality compared 

with anti-arrhythmic drug therapy in prospective RCTs. 

 

The use of ICD in primary prevention of sudden cardiac death in patients with 

systolic heart failure without prior history of ventricular tachyarrhythmias or 

syncope has been evaluated in multiple RCTs. Implantable cardioverter 

defibrillator was demonstrated to reduce all-cause mortality. For patients with 

LVEF ≤30% after remote myocardial infarction, ICD therapy led to a 31% 

decrease in mortality over 20 months, for an absolute decrease of 5.6%.214 For 

patients with mild-to–moderate symptoms of heart failure with LVEF ≤35% 

due either to ischaemic or nonischaemic aetiology, there was a 23% decrease 

in mortality over a five-year period, for an absolute decrease of 7.2%.215 
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Recommendations:  

 

• Implantable cardioverter-defibrillator therapy should be offered to 

patients who are survivors of cardiac arrest due to ventricular 

fibrillation or haemodynamically unstable sustained ventricular 

tachycardia after evaluation to define the cause of the event and to 

exclude any completely reversible causes.100,216 (Grade A, Level 

1++) 

• Implantable cardioverter-defibrillator therapy should be offered to 

patients with structural heart disease and spontaneous sustained 

ventricular tachycardia, whether haemodynamically stable or 

unstable.216 (Grade B, Level 1+) 

• Implantable cardioverter-defibrillator therapy should be offered to 

patients with syncope of undetermined origin with clinically 

relevant, haemodynamically significant sustained ventricular 

tachycardia, or ventricular fibrillation induced during 

electrophysiological study.216 (Grade B, Level 1+) 

• Implantable cardioverter-defibrillator therapy should be offered for 

the primary prevention of sudden cardiac death in patients with 

ischaemic cardiomyopathy (at least 40 days post-myocardial 

infarction) with LVEF ≤35%, NYHA class II/III symptoms on 

OMT, and who have reasonable expectation of survival for >1 

year.100,216 (Grade A, Level 1++) 

• Implantable cardioverter-defibrillator therapy should be offered for 

the primary prevention of sudden cardiac death in patients with 

ischaemic cardiomyopathy (at least 40 days post-myocardial 

infarction), LVEF ≤30%, and NYHA class I symptoms while 

receiving OMT, who have reasonable expectation of survival for 

>1 year.216 (Grade A, Level 1++) 

• Implantable cardioverter-defibrillator therapy should be offered in 

patients with nonischaemic cardiomyopathy with LVEF ≤35% 

and NYHA class II or III symptoms while receiving OMT.216 

(Grade B, Level 1++) 

•  Implantable cardioverter-defibrillator therapy should be offered in 

patients with non-sustained VT due to prior MI, LVEF ≤40%, 

and inducible ventricular fibrillation or sustained ventricular 

tachycardia at electrophysiological study.216 (Grade B, Level 

1++) 

• Implantable cardioverter-defibrillator therapy may be offered to 

patients with unexplained syncope, significant left ventricular 

dysfunction, and non-ischaemic dilated cardiomyopathy.216 

(Grade D, Level 4) 

•  
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Recommendations:  

 

• Implantable cardioverter-defibrillator therapy may be offered to 

non-hospitalised patients awaiting transplantation.216 (Grade 

D, Level 4) 

• Implantable cardioverter-defibrillator therapy may be offered in 

patients with non-ischaemic heart disease who have an LVEF of 

≤35% and who are in NYHA functional class I.216 (Grade D, 

Level 4) 

• Implantable cardioverter-defibrillator therapy may be offered in 

patients with syncope and advanced structural heart disease in 

whom through invasive and noninvasive investigations have failed 

to define a cause.216 (Grade D, Level 4) 

• Implantable cardioverter-defibrillator therapy may be offered in 

patients with a familial cardiomyopathy associated with sudden 

death.216 (Grade D, Level 4) 

• Implantable cardioverter defibrillator therapy is not indicated for 

patients with incessant ventricular tachycardia or ventricular 

fibrillation.216 (Grade D, Level 4) 

• Implantable cardioverter-defibrillator therapy is not indicated in 

patients with significant psychiatric illnesses that may be 

aggravated by device implantation or that may preclude 

systematic follow-up.216 (Grade D, Level 4) 

• Implantable cardioverter-defibrillator therapy is not indicated for 

NYHA Class IV patients with drug-refractory congestive heart 

failure who are not candidates for cardiac transplantation or 

CRT -defibrillator.100, 216(Grade C, Level 2+) 

• Patients should be carefully evaluated by an experienced 

cardiologist before generator replacement, because management 

goals and the patient’s needs and clinical status may have 

changed.100 (Grade B, Level 2+) 

• Wearable ICD therapy may be considered in patients with heart 

failure who are at risk of sudden cardiac death for a limited 

period or as a bridge to an implanted device.100 (Grade C, Level 

2-) 
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Recommendation: 

 

• Implantable cardioverter-defibrillator or CRT devices are not 

recommended inpatients whose comorbidities and/or frailty limit 

their survival with good functional capacity to <1 year. (GPP) 

 

The use of ICDs for primary prevention in patients with systolic heart failure 

should be considered in the setting of OMT and with a minimum of 3 to 6 

months of appropriate medical therapy. Implantable cardioverter-defibrillators 

are indicated only in patients with a reasonable expectation of survival with 

good functional status beyond a year. 

 

 

 

 

 

4.1.2. Cardiac Resynchronisation Therapy (CRT) 

 

In one in three patients with heart failure, progression of disease is 

accompanied by prolonged PR interval and widened QRS duration, most 

commonly LBBB. These changes result in regional mechanical delay within 

the left ventricle, worsen ventricular systolic function, alter myocardial 

metabolism, and increase functional mitral regurgitation. 

 

Cardiac resynchronisation therapy involves the placement of two ventricular 

leads (right ventricle endocardium and left ventricle epicardium via the 

coronary sinus) to modify electromechanical delay due to LBBB. A meta-

analysis of initial CRT trials in patients with NYHA III or IV heart failure 

symptoms confirmed an approximately 30% reduction in hospitalisation and a 

mortality benefit of 24%–36%. These results were replicated in recent trials 

with patients receiving contemporary OMT. 

 

Recent evidence supports the role of CRT in patients with milder symptoms 

(NYHA I and II heart failure symptoms). These trials demonstrated reversal of 

left ventricular remodelling, with reduction in heart failure hospitalisation. In a 

meta-analysis of five trials of CRT in mild heart failure that included 4213 

patients with class II symptoms, benefits were mainly seen in patients with 

QRS ≥150 ms and LBBB, with an adverse impact with shorter QRS duration 

or non-LBBB.217 

 

Cardiac resynchronisation therapy has been shown to improve clinical 

outcomes in patients who have depressed EF who are pacing-dependent. 

Pacing-induced LBBB in these patients may lead to clinically significant 

ventricular dyssynchrony, thereby increasing the incidence of heart failure 

episodes. 
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Recommendations: 

 

• Cardiac resynchronisation therapy should be offered to patients who 

have LVEF ≤35%, sinus rhythm, LBBB with a QRS duration 

≥150ms, and NYHA class III–IV (except nonambulatory class IV) 

symptoms on >3 months’ guideline-directed medical therapy 

(GDMT).100,216 (Grade A, Level 1++) 

• Cardiac resynchronisation therapy should be offered to patients who 

have LVEF ≤35%, sinus rhythm, LBBB with a QRS duration 

≥150ms, and NYHA class II symptoms on >3 months’ GDMT.216 

(Grade B, Level 1++) 

• Cardiac resynchronisation therapy may be offered to patients who 

have LVEF ≤35%, sinus rhythm, a non-LBBB pattern with a 

QRS duration of ≥150 ms, and NYHA class III/ambulatory class 

IV symptoms on GDMT.100,216 (Grade A, Level 1+) 

• Cardiac resynchronisation therapy may be offered to patients who 

have LVEF ≤35%, sinus rhythm, LBBB with a QRS duration of 

120 to 149 ms, and NYHA class II–IV (except non-ambulatory 

class IV) symptoms on GDMT.216 (Grade B, Level 1+) 

• Cardiac resynchronisation therapy should be offered to symptomatic 

patients with heart failure in sinus rhythm with a QRS 

duration130–149 ms and LBBB QRS morphology and with 

LVEF<35%, despite OMT in order to improve symptoms and 

reduce morbidity and mortality.100 (Grade B, Level 1++) 

• Cardiac resynchronisation therapy may be considered in patients 

who have LVEF ≤35%, sinus rhythm, a non-LBBB pattern with 

QRS duration of 120 to 149 ms, and NYHA class III/IV on 

GDMT.216 (Grade B, Level 2-) 

• Cardiac resynchronisation therapy may be considered in 

symptomatic patients with heart failure in sinus rhythm with a QRS 

duration 130–149 ms and non-LBBB QRS morphology and with 

LVEF<35%, despite OMT in order to improve symptoms and 

reduce morbidity and mortality.100 (Grade B, Level 2-) 

• Cardiac resynchronisation therapy may be considered in patients 

who have LVEF ≤35%, sinus rhythm, a non-LBBB pattern with a 

QRS duration ≥150 ms, and NYHA class II symptoms on GDMT.216 

(Grade B, Level 2-) 

• Cardiac resynchronisation therapy rather than RV pacing should be 

offered to patients with heart failure with reduced EF regardless of 

NYHA class who have an indication for ventricular pacing 

(including patients in AF) and high degree AV block in order to 

reduce morbidity.100 (Grade A, Level 1++) 

•  
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Recommendations: 

 

• Cardiac resynchronisation therapy may be offered in patients 

with AF and LVEF ≤35% on GDMT if a) the patient 

requires ventricular pacing or otherwise meets CRT 

criteria and b) atrioventricular nodal ablation or 

pharmacological rate control will allow near-100% 

ventricular pacing with CRT.216 (Grade B, Level 1+) 

• Cardiac resynchronisation therapy may be offered to patients 

with Class III and Class IV (except patients in end-stage HF 

deemed to be managed conservatively) with LVEF<35% 

despite OMT in order to improve symptoms and reduce 

morbidity and mortality, if they are in AF and have a QRS 

duration >130 ms, provided a strategy to ensure bi-

ventricular capture is in place or the patient is expected to 

return to sinus rhythm.100 (Grade B, Level 1+) 

• Cardiac resynchronisation therapy may be considered 

inpatients on OMT who have LVEF ≤35% and are 

undergoing placement of a new or replacement device 

implantation with anticipated requirement for significant 

(>40%) ventricular pacing.216 (Grade C, Level 2+) 

• Patients with heart failure with reduced EF who have 

received a conventional pacemaker or an ICD and 

subsequently develop worsening heart failure, despite 

OMT, and who have a high proportion of right ventricular 

pacing may be considered for upgrade to CRT. This does not 

apply to patients with stable heart failure.100 (Grade B, Level 

2-) 

• Cardiac resynchronisation therapy may be considered in 

patients with ischaemic cardiomyopathy who have LVEF 

≤30%, sinus rhythm, LBBB with a QRS duration ≥150 

ms, and NYHA class I symptoms on GDMT.216 (Grade C, 

Level 2-) 

• Cardiac resynchronisation therapy is not recommended for 

patients with NYHA class I or II symptoms and non-LBBB 

pattern with QRS duration <150 ms.216 (Grade B, Level 2+) 

• Cardiac resynchronisation therapy is contraindicated in 

patients with a QRS duration <130 ms.100 (Grade A, Level 

1++) 
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Recommendation: 

 

• Revascularisation is not recommended for routine management of 

patients with CAD and heart failure.218 (Grade B, Level 1+) 

 

  5. Surgical Management of Heart Failure 
 

Surgical management of heart failure is applicable if the causative or 

aggravating factor is amenable to surgery. The decision to operate should take 

into account response to medical therapy, associated comorbidities, prognosis, 

and operative risks. 

 

These procedures should preferably be done at centres with demonstrable 

expertise, multidisciplinary medical and surgical teams experienced in the 

selection, care, perioperative, and long-term management of high-risk patients 

with severe heart failure. 

 

5.1. Coronary Artery Bypass Surgery (CABG) in HFrEF Due to 

Ischaemia  
 

This section deals only with heart failure associated with ischaemic heart 

disease. 

 

 

 

 

 

The only RCT available on the role of CABG in heart failure is the Surgical 

Treatment for Ischemic Heart Failure (STICH) trial.218 The trial addressed the 

role of CABG in patients with CAD and EF≤35%, who were suitable for 

surgery. Patients were randomised to CABG plus medical therapy or medical 

therapy alone. The primary outcome of all-cause mortality was not reduced by 

CABG. However, CABG did reduce the secondary outcomes of 

cardiovascular death (hazard ratio with CABG: 0.81) and death from any 

cause or cardiovascular hospitalisation (hazard ratio with CABG: 0.74).218 

 

There is relatively little evidence for the role of a strategy involving the 

determination of reversibility of ischaemic myocardium by stress 

echocardiography, radio-isotope myocardial imaging, or CMR imaging, in 

selecting patients with heart failure for CABG and improving outcomes. 
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Recommendations: 

 

• Mitral valve repair with preservation of the subvalvular apparatus 

may provide clinical and haemodynamic improvements in select 

patients who develop significant mitral regurgitation secondary to 

left ventricular dilatation.227,228 (Grade C, Level 2+) 

• Patients with associated right ventricular dysfunction and pulmonary 

hypertension are not suitable candidates for mitral valve repair.227,228 

(Grade C, Level 2+) 

Recommendation: 

 

• Imaging for myocardial viability (stress echocardiography, radio-

isotope myocardial imaging, or CMR imaging) may be considered 

a strategy for selecting heart failure patients for CABG.219–223 

(Grade C, Level 2+) 

Recommendations: 

• Surgical ventricular reconstruction in ischaemic cardiomyopathy is 

not recommended for routine use.224 (Grade B, Level 1+) 

• Surgical repair of left ventricular aneurysm is indicated in patients 

with heart failure. It is associated with improvement in symptoms 

and long-term survival.225,226 (Grade B, Level 2+) 

 

 

 

 

 

 

 

 

 

5.2. Ventricular Reconstruction  
 

The value of surgical ventricular reconstruction in ischaemic cardiomyopathy 

and CABG, during which scar tissue is excised from the left ventricular wall 

with the aim of restoring a more physiological left ventricular volume and 

shape, is uncertain and was not shown to be of benefit in the STICH trial.224 

 

 

 

 

 

 

 

 

 

 

5.3.  Valvular Surgery 
 

Valvular heart disease may cause or aggravate heart failure. This section 

briefly addresses issues relevant to heart failure. 
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Recommendations: 

 

• Aortic valve replacement may benefit patients with symptomatic 

significant aortic valve disease associated with low EF if their 

contractile reserve is reversible.229–234 (Grade B, Level 2++) 

• Transcatheter aortic valve replacement may be considered in 

patients who are medically not fit for surgery.235 (Grade B, Level 

2++) 

Substantial recovery of left ventricular function is only likely when the 

reduced EF is caused by excessive after load (aortic stenosis) or volume 

overload (aortic regurgitation) and is not due to myocardial scarring. 

 

 

 

 

 

 

 

 

 

 

 

5.4. Heart Transplantation 
 

Advanced heart failure is present when the disease has progressed to the extent 

that, despite OMT or conventional surgical treatment, the end result will be 

death in the short term.  

 

Heart transplantation is an accepted treatment for advanced heart failure, as it 

significantly increases survival, exercise capacity, and quality of life.  

 

Donor availability is a universal limiting factor. Hence, indications and 

contraindications have been pragmatically defined, based on the consensus of 

experts, to maximise the utilisation of scarce donor hearts and to obtain the 

best results (Table 14). 

 

Table 14: Indications and contraindications for heart transplant recipients 

 

The criteria for a suitable heart transplant recipient are generally: 

(a) Age <60 years (An older patient may be considered depending on the 

patient’s general condition.) 

(b) Irreversible end-stage heart disease, with LVEF below 20% 

(c) New York Heart Association functional class III or worse, with a low 

likelihood of survival for >1 year 

(d) Normal function or reversible dysfunction of liver and/or kidneys 

(e) Acceptable psychological and social background 

Potential heart transplant recipients are generally excluded if they have: 

(a) Significant active infection (e.g. HIV, hepatitis, tuberculosis) 

(b) Recent pulmonary infarction 
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Recommendation: 

 

• Heart transplantation should be considered for advanced heart failure 

in suitable patients who have failed OMT.236 (Grade B, Level 2++) 

 

Recommendation: 

 

• Patients awaiting heart transplantation who have become refractory 

to all means of medical therapy should be considered for a MCS 

device as a bridge to transplant.237,238 (Grade A, Level 1+) 

 

(c) Pulmonary vascular resistance over 8 Wood units and/or transpulmonary 

pressure gradient >15 mmHg 

(d) Autoimmune antibodies 

(e) Chronic gastrointestinal diseases, e.g. peptic ulcer, colitis 

(f) Cancer 

(g) Chronic bronchitis, emphysema 

(h) Alcoholism, drug dependency, poor social support 

(i) Irreversible dysfunction of liver and kidneys 

 Grade D, Level 4 

 

 

 

 

 

 

 

 

5.5.  Mechanical Circulatory Support (MCS) 
 

Mechanical circulatory support devices are devices designed as cardiac assist 

devices or as replacement devices for patients in advanced heart failure. There 

are different types of MCS devices using different technologies to support the 

failing heart. Some are designed to support the left heart; others are for right 

ventricular support or biventricular support. Some are designed for short-term 

use, while others called durable devices are used for long-term use, Total heart 

replacement has little role in surgical management. More than 90% of patients 

could be sustained with left ventricular support alone. Only those with 

advanced right ventricular pathology require right ventricular or biventricular 

support. Implantable durable continuous flow LVAD have revolutionised 

MCS therapy with superior outcomes. The contraindications for LVAD are 

listed in Table 15. 
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Recommendation: 

 

• Left ventricular assist device should be considered as a permanent or 

destination therapy in highly select patients with refractory 

advanced heart failure, who are not candidates for heart 

transplantation.239,240 (Grade A, Level 1+) 

Table 15: Contraindications for LVAD 

 

Contraindications 

• High surgical risk for successful implantation 

• Recent or evolving stroke 

• Neurological deficits impairing the ability to manage device 

• Co-existing terminal condition (e.g. metastatic cancer, cirrhosis) 

• Biventricular failure 

• Active systemic infection or major chronic risk for infection 

• Portal hypertension 

• Severe pulmonary dysfunction (e.g. FEV1<1 L) 

• Impending renal or hepatic failure 

• Multisystem organ failure 

• Inability to tolerate anticoagulation 

• Heparin-induced thrombocytopenia 

• Significant underlying psychiatric illness or lack of social support that 

may impair the ability to maintain and operate VAD 

 

 

 

 

 

 

 

 

 

Patients on LVAD therapy should be referred before right ventricular or multi-

organ failure develops; otherwise they will not be candidates for LVAD.  

 

Indications for referral are NYHA III or IV plus one of the following:241 

a) Inability to walk <1block without dyspnoea (shortness of breath) 

b) Serum sodium <136 mmol/L 

c) BUN >40mg/dL BUN (urea-N) 

d) Intolerant or refractory to ACEi/ARB/beta-blocker 

e) Diuretic dose >1.5mg/kg/day 

f) One or more chronic heart failure-related hospital admissions within 6 

months 

g) Cardiac resynchronisation therapy nonresponder 

h) Haematocrit <35% 
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Recommendation: 

 

• Short-term temporary MCS may be used in select patients with AHF 

and cardiogenic shock who do not respond to conventional therapy, 

including inotropes and intra-aortic balloon counter pulsation.242–245 

(Grade D, Level 2+) 

 

 

 

Extracorporeal membrane oxygenation cardiac support is gaining ground as a 

short-term MCS and as a bridge to decision for myocardial recovery or bridge 

to durable MCS or for termination of support if no neurological and end-organ 

recovery occurs from hypoxia.  
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6. Palliative Care in Advanced Heart Failure 
 

An estimated 5% of patients with heart failure have advanced heart disease 

that is refractory to medical therapy.246 Patients with advanced heart failure 

suffer from many physical symptoms besides dyspnoea and pain. Psychosocial 

and spiritual issues relating to the end of life are equally important and require 

a holistic approach. Good communication between healthcare providers and 

patients/families, with an emphasis on advance care planning, is crucial. It 

helps to establish the goals of care based on the patient’s preferences and 

wishes.  

 

The World Health Organization defines palliative care as an approach that 

improves the quality of life of patients and their families facing problems 

associated with life-threatening illnesses, through the prevention and relief of 

suffering by means of early identification and impeccable assessment and 

treatment of pain and other physical, psychosocial, and spiritual problems.247 

Palliative and hospice care, which emphasise holistic care, should be made 

available to these patients. 

 

6.1. Prognostication 
 

Like many noncancer conditions, prognostication of advanced heart failure 

can be challenging. There are many available tools and models for 

prognostication of heart failure to help patients and healthcare providers 

determine when to refer patients to a hospice. There is, however, a paucity of 

data on how to recognise a patient in the terminal phase of advanced heart 

failure. 

 

6.2. Supportive Care in Heart Failure 
 

Disease management and supportive care should be offered concurrently 

during the course of the illness, with a patient-centred, family-focused 

approach. Clinicians caring for patients with advanced heart failure should 

consider referring these patients to palliative care services in the community. 

Care should address symptom control, psychosocial distress, end-of–life 

preferences, caregiver support, and reducing repeat hospitalisation. Emphasis 

on quality of life with an interdisciplinary approach involving 

counsellors/social workers, physical therapists, and pharmacists is important at 

this stage of the disease.  
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Recommendations: 

 

• Fluid and salt restriction help to reduce congestive symptoms and 

should still be emphasised when counselling patients with advanced 

heart failure.249 (Grade C, Level 2+) 

• Opioids, such as morphine and fentanyl, should be prescribed for 

relief from dyspnoea if symptoms persist despite optimisation of 

diuretic therapy.250,251 (Grade B, Level 1+) 

 

6.3 Symptom Management  

 

The common symptoms associated with advanced heart failure include 

dyspnoea, pain, depression, fatigue, and oedema.248 It is important to manage 

these symptoms well, as poor symptom control negatively impacts the quality 

of life. 

 

6.3.1.  Dyspnoea  

 

Fluid and salt restriction is still important in patients at this stage, as it helps to 

reduce congestive symptoms. Hyponatraemia is relatively common at this 

stage, and fluid restriction may also help to maintain serum sodium 

concentrations. 

 

Medical therapies, in particular those involving the use of diuretics and 

ACEis, have been shown to improve quality of life and symptoms in advanced 

heart failure.60 However, the use of these drugs is usually limited by 

hypotension, which is common during this stage. 

 

If the dyspnoea due to heart failure is refractory to both medical therapy and 

fluid and salt restriction, opioids, which have been shown to reduce dyspnoea, 

should be considered for symptom relief. 

 

 

 

 

 

 

 

 

 

 

 

6.3.2.  Pain 

 

Pain is a common, yet often undertreated, symptom in advanced heart failure. 

Pain can be the result of angina or other causes unrelated to the cardiac 

condition. Pharmacological agents that treat the underlying cause of pain 

should be initiated. Nitrates, which are effective in relieving angina, should be 

used as first-line agents for ischaemic chest pain. The choice of analgesics for 

pain other than those of cardiac origin is important. Nonsteroidal anti-
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Recommendations: 

 

• For nonanginal pain that is moderate or severe in intensity and not 

responding to weak analgesics, opioids should be considered.252 

(Grade B, Level 1+) 

• Nonsteroidal anti-inflammatory agents should be avoided because of 

the risks of gastrointestinal bleeding, renal failure, and fluid 

retention.253 (Grade B, Level 1+) 

 

 

inflammatory agents have been shown to cause sodium and fluid retention and 

are therefore not advisable in this group of patients. Simple analgesics such as 

paracetamol may be effective in relieving mild pain. In situations where pain 

is moderate or severe in intensity, stronger analgesics such as opioids can be 

considered. 

 

 

 

 

 

 

 

 

 

 

6.3.3. Depression 

 

Psychosocial issues are not uncommon in patients with advanced heart failure. 

Failure to address these issues may adversely affect patients’ quality of life. 

Depression has been reported in as high as one-third of patients with heart 

failure.254,255 Unfortunately, the management of depression in heart failure is 

not well studied. Psychotherapy and cognitive behavioural therapy have 

demonstrated efficacy in the treatment of low mood.256There may be a role for 

a trial of antidepressant treatment if nonpharmacological therapy fails.257 

 

(Refer to Section 10.11: Heart Failure Disease Management for the 

management of depression) 

 

6.4. Advance Care Planning 

 

Communication is an important component of end-of–life care. It is important 

to conduct discussions with patients and their families on issues related to 

treatment and care options. Unfortunately, studies have reported poor 

communication between physicians and bereaved families of heart failure 

patients. Many families are not aware of the consequences of the patient’s 

medical condition.258 

 

Unlike cancer patients, heart failure patients usually experience an 

unpredictable pattern of decline, punctuated by crises that result in 

hospitalisation. Up to one-third of patients may die suddenly or unexpectedly 

from cardiac arrest. This prognostic uncertainty makes it difficult for patients 
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Recommendation: 

 

• Patients with advanced heart failure and refractory symptoms may be 

considered for treatment with an ambulatory inotropic agent in an 

inpatient or home-based palliative setting.259,261 (Grade D, Level 2+) 

Recommendation: 

 

Advance care planning is central to the palliative approach to advanced heart 

failure. Shared decision-making among patients, their families, and the medical 

team in establishing the goals of care should be initiated early in the disease 

trajectory – in view of the uncertainty of prognosis. (GPP) 

 

to accept end of life care discussions.259 A study comparing lung cancer and 

heart failure patients found that the latter group had a poorer understanding of 

their illness and prognosis. They also had fewer opportunities for making end-

of–life plans.260 

 

 

 

 

 

 

 

 

 

6.5. Role of Inotropic Agents 

 

Studies on the use of inotropic agents to treat refractory symptoms of heart 

failure have not shown survival benefits. However, continuous inotropic 

therapy may provide symptomatic relief from dyspnoea and oedema in a select 

group of patients affected by end-organ hypoperfusion and where the goal of 

care is mainly palliative.259,261 

 

6.6. Implantable Cardiac Devices 

 

It has been reported that over a quarter of patients received at least one shock 

in the last month of life and that as high as 30% receive a shock in the last 

minutes of life. Multiple shocks were reported in some cases, causing distress 

to the next of kin who witnessed them.262 

 

In patients with implantable cardiac defibrillator (ICD), the option of 

deactivating the device when the condition is deteriorating, should be 

explored. However, patients on CRT have reported an improvement in their 

symptoms and quality of life.263,264 As such, for this group of patients, 

continuing the pacing mode even when the decision is made to turn off the 

implantable cardiac devices, may be appropriate. 
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Recommendation: 

• Discussions on deactivation of implantable cardiac devices when 

death is near may be appropriate in patients who are actively 

deteriorating. (GPP) 

 

 

 

 

6.7. Conclusion 

 

Given the physical, psychological, and economic burden of advanced heart 

failure, there is a need for palliative care to be integrated into the treatment 

plan along the disease trajectory. The integration of supportive care with heart 

failure management can improve the quality of life for heart failure patients 

and their families; as such, healthcare providers need to be educated on these 

options, so that timely palliative care interventions can be offered to patients.  
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7. Treatment of Acute Heart Failure 

 
Acute heart failure is the term used to describe the rapid onset of, or change in, 

the symptoms and signs of heart failure. Acute heart failure may present de 

novo or as acute decompensation of chronic heart failure. In patients with pre-

existing heart failure, there is often a clear trigger (Table 16) 

 

Patients with AHF may be hospitalised. Diagnosis and treatment are usually 

carried out in parallel, and management must be initiated promptly. Close 

monitoring of the patient’s vital functions (pulse, blood pressure, oxygen 

saturation, respiratory rate, and urine output) is essential during the initial 

evaluation and treatment. Ill patients should be managed with close 

monitoring in the high-dependency unit or intensive care unit. Immediate 

goals of treatment are to improve symptoms and stabilise the patient’s 

haemodynamic condition. Long-term management is important to prevent 

recurrence and improve prognosis. 

 

Table 16: Precipitants to decompensation in a patient with chronic heart 

failure 

 

• Noncompliance to medications 

• Dietary indiscretion (salt/fluid) 

• Acute coronary syndrome 

• Tachyarrhythmias, bradycardia 

• Uncontrolled hypertension 

• Anaemia 

• Infection (e. g. upper respiratory tract) 

• Medication (e.g. NSAIDS, corticosteroids) 

• Alcohol abuse 

• Hyperthyroidism/hypothyroidism 

• Pulmonary embolism 

• Exacerbation of chronic obstructive pulmonary disorder/asthma 

 

7.1. Initial Assessment and Monitoring 
 

Three parallel assessments must be made during the initial evaluation of the 

patient (Figure 1).39 

1) Does the patient have AHF, or is there an alternative cause for their symptoms 

and signs? 
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Recommendation: 

 

• Acute heart failure patients with dyspnoea caused by pulmonary 

oedema can be treated with diuretics. A combination of loop and 

thiazide diuretics may be needed to achieve adequate diuresis in 

patients with resistant peripheral oedema and/or ascites.266,267 

(Grade D, Level 1+) 

Recommendation: 

 

• Acute heart failure patients who are dyspnoeic and restless can be 

treated with opiates, administering anti-emetics concomitantly. Care 

must be exercised in patients with chronic respiratory diseases.268 

(Grade D, Level 3) 

 

2) If the patient does have AHF, is there a trigger and does it require immediate 

treatment? 

3) Is the patient’s condition immediately life-threatening because of hypotension 

or hypoxaemia leading to underperfusion of the vital organs? 

 

7.2. Pharmacological Therapy (Figure 2) 
 

7.2.1. Diuretics 

 

Most patients with dyspnoea caused by pulmonary oedema obtain rapid 

symptomatic relief following administration of an intravenous loop diuretic. 

The dose should be individualised and titrated according to clinical response 

and renal function. The optimal route of administration is uncertain (bolus or 

continuous).265 

 

 

 

 

 

 

 

 

 

 

7.2.2.  Opiates 

 

They are most useful in patients who are dyspnoeic and restless. They reduce 

pulmonary venous congestion, anxiety, and sympathetic drive.268 

 

 

 

 

 

 

 

 

 

7.2.3.  Vasodilators 

 

Vasodilators such as nitroglycerine are most useful in patients with 

hypertension and should be avoided in patients with systolic blood pressure 

<110mmHg.269 Studies have shown that the combination of intravenous nitrate 
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Recommendation: 

 

• Use of an inotrope is usually reserved for patients with severely 

impaired cardiac output that compromises vital organ perfusion.39 

(Grade B, Level 1+) 

 

Recommendation: 

 

• To counteract the effects of beta-blockers, non-cathecholamine 

inotropes such as milrinone and levosimendan can be used.271–275 

(Grade D, Level 1+) 

Recommendation: 

 

• Acute heart failure patients with hypertension, except patients 

with systolic blood pressure <110mmHg, can be treated with 

vasodilators. Vasodilators should be used with caution in patients 

with significant mitral or aortic stenosis.269,270 (Grade B, Level 

1+) 

 

and low-dose frusemide is more efficacious than high-dose frusemide 

treatment alone.270 

 

 

 

 

 

 

 

 

 

 

7.2.4. Inotropes 

 

 

 

 

 

 

Continuous electrocardiogram monitoring is required, as inotropes may induce 

myocardial ischaemia and arrhythmias. There is a concern regarding increased 

mortality with inotrope usage.39 

 

 

 

 

 

 

 

 

7.2.5. Vasopressors 

 

Peripheral vasoconstrictors such as noradrenaline can be considered in patients 

with cardiogenic shock despite treatment with inotrope, to increase blood 

pressure and vital organ perfusion. Similar to inotropes, these agents can cause 

myocardial ischaemia and arrhythmias. Their use should be restricted to 

patients with persistent hypotension despite adequate left ventricular filling 

pressures.39 
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Recommendation: 

 

• Acute heart failure patients with persistent hypotension despite 

adequate left ventricular filling pressures can be treated with 

vasopressors.39 (Grade D, Level 4) 

 

Recommendation: 

 

• Oxygen may be given to treat hypoxaemia (SpO2 <90%), maximize 

tissue oxygenation, and to prevent end-organ dysfunction.280 (Grade 

D, Level 4) 

 

Recommendations: 

 

• Thromboembolism prophylaxis is recommended in patients not already 

anticoagulated and with no contraindication to anticoagulation, to 

reduce the risk of deep-vein thrombosis and pulmonary embolism.277–

279 (Grade A, Level 1+) 

 
 

 

 

 

 

 

 

 

 

 

7.2.6. Anticoagulation 

 

Hospitalised patients with heart failure are at increased risk of venous 

thromboembolism.276 The increased risk is contributed by multiple factors 

including stasis of blood, reduced cardiac contractility, reduced mobility, and 

increased venous pressure. 

 

 

 

 

 

 

 

 

 

 

 

7.3.  Nonpharmacological Therapy 
 

It is common to restrict salt intake to <2g/day and fluid intake to <1.5L/day 

during an episode of AHF with volume overload. 
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Recommendations: 

 

• Salt/fluid restriction can be used in AHF patients with volume 

overload.39 (Grade D, Level 4) 

• Noninvasive ventilation such as CPAP and BIPAP may be 

used as adjunctive therapy to relieve dyspnoea in patients with 

pulmonary oedema and severe respiratory distress or who fail 

to improve with pharmacological therapy. Contraindications 

include hypotension, vomiting, possible pneumothorax, and 

depressed consciousness.281,282 (Grade A, Level 1+) 

• Endotracheal intubation and mechanical ventilation can be 

used in AHF patients with respiratory failure leading to 

hypoxaemia, hypercapnia, and acidosis. Secondary indications 

for intubation and ventilation include diminished 

consciousness, respiratory muscle fatigue, and inability to 

maintain or protect the airway.39 (Grade D, Level 4) 

• Use venous ultrafiltration to remove fluid in patients with 

heart failure, especially in those resistant to diuretics.283 

(Grade B, Level 1+) 

• Short-term MCS such as intra-aortic balloon pump284,285 and 

extracorporeal membrane oxygenation should be considered 

(“bridge to recovery”) in patients remaining severely 

hypoperfused despite inotropic therapy and with a potentially 

reversible cause (e.g. viral myocarditis) or a potentially 

surgically correctable cause (e.g. acute mitral regurgitation). It 

may also be considered (“bridge to decision”) in patients 

deteriorating rapidly before a full diagnostic and clinical 

evaluation can be made.284,285 (Grade C, Level 2+) 

• Ventricular assist devices may be used as a bridge to 

myocardial recovery, bridge to heart transplant or long-term 

support (destination therapy).239,241,286 (Grade A, Level 1++) 

 

Recommendation: 

 

• Insertion of an intra-arterial line should only be considered in 

patients with persistent heart failure and low systolic blood 

pressure despite treatment.39 (Grade D, Level 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.4.  Invasive Monitoring 
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Recommendations: 

 

• Heart rate, rhythm, blood pressure, respiratory rate, and oxygen 

saturation should be monitored frequently for at least the first 24 

hours following admission. Symptoms relevant to heart failure and 

related to the adverse effects of treatments used should be assessed 

at least daily.39 

 

• Fluid intake, urine output, body weight, jugular venous pressure, 

and extent of pulmonary and peripheral oedema (and ascites if 

present) should be measured daily to evaluate the correction of 

volume overload.  

 

• Blood urea, creatinine, and electrolytes should be monitored 

frequently during intravenous diuretic therapy and when RAAS 

antagonists are being initiated, or if the dose of any of these drugs is 

changed.39 

(Grade D, Level 4) 

Recommendation: 

 

• Every patient should be assessed for possible aetiology of heart 

failure (de novo) and precipitants of worsening heart failure (chronic 

heart failure).39 (Grade D, Level 4) 

Recommendation: 

 

• Pulmonary artery catheterisation should only be considered in 

patients: (i) who are resistant to pharmacological treatment; (ii) who 

are persistently hypotensive; (iii) in whom left ventricular filling 

pressure is uncertain; or (iv) who are being considered for cardiac 

surgery.287 (Grade B, Level 1+) 

 

Pulmonary artery catheterisation (PAC) may help in the treatment of a 

minority of patients with acute (and chronic) heart failure.287 

 

 

 

 

 

 

 

 

 

7.5. Non-invasive Monitoring 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.6 Assessment after Stabilisation 
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The focus is to identify and treat reversible causes. 

 

Congestion should be absent, and a stable diuretic dose be established for at 

least 24 hours.288–290 Disease-modifying medications for chronic heart failure 

should be initiated and up titrated before discharge. Enrolment in a heart 

failure management programme that includes patient education and initiation 

of appropriate lifestyle adjustments should be offered. For appropriate 

patients, assessment for device therapy should be considered.39 

 

7.7 Special Patient Populations 
 

GPP 

  

7.7.1.  Myocardial Ischaemia/Infarction 

 

Reversible myocardial ischaemia causing AHF needs early recognition, rapid 

stabilisation, and referral for urgent coronary angiography. Treatment should 

be initiated according to current acute coronary syndrome guidelines. 

 

7.7.2.  Hypertension 

 

Typically presents as “flash pulmonary oedema” with hypertensive crisis. 

Blood pressure must be reduced relatively quickly. It is generally suggested 

that systolic blood pressure be reduced by 25% over 3–12 hours. This is best 

achieved with parenteral drugs such as intravenous nitrates or nitroprusside. 

Look for secondary causes of hypertension such as renal artery stenosis. 

 

7.7.3. Arrhythmias 

 

Tachyarrhythmias, particularly atrial fibrillation/atrial flutter with fast 

ventricular rates, must be identified and treated accordingly. A rhythm control 

strategy with electrical or pharmacological cardioversion should be considered 

in patients with a first episode of AF of <48 hours’ duration. Ventricular rate 

control of AF should be considered with the use of intravenous digoxin. 

Bradycardia may require temporary pacing. 

 

7.7.4. Renal Failure 

 

Acutely worsening heart failure, its treatment, or both may cause acute 

worsening of renal function (CRS) in up to one-third of patients and is 

associated with worse survival and prolonged hospitalisation.291 Renal failure 
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influences the response to drug therapy. In patients with refractory fluid 

retention, continuous ultrafiltration may be helpful. 

 

7.7.5. Valvular Heart Disease 

 

Acute heart failure can be caused by valvular conditions such as acute mitral 

or aortic valve incompetence or stenosis, bacterial endocarditis, aortic 

dissection. Early access to echocardiography is crucial for diagnosis and 

management. Vasodilator therapy is beneficial in acute valvular regurgitation 

but is contraindicated in severe valvular stenosis. Treatment with percutaneous 

or surgical intervention is usually required. 

 
Figure 1: Diagnosis and treatment of AHF.39 
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Figure 2: Treatment of acute pulmonary oedema.39 
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Recommendation: 

 

To diagnose HFpEF, first confirm the diagnosis of clinical heart failure based 

on the presence of typical symptoms (e.g. breathlessness, fatigue, orthopnoea) 

and signs (e.g. raised jugular venous pressure).2,293(For further information, 

refer to Chapter 2(a): Clinical Diagnosis of Heart Failure) (GPP) 

 

8. Management of Heart Failure With Preserved Ejection Fraction 

(HFpEF) 

 
Heart failure can occur in the presence of normal pump function or preserved 

LVEF – the syndrome of HFpEF, also called diastolic heart failure. Western 

epidemiologic studies have shown that HFpEF is responsible for an average of 

54% of all heart failure cases. In Singapore, the proportion of HFpEF cases is 

estimated at 22%–28%.18,292 Outcomes are poor in these patients, with 17% 

mortality in twoyears.292 

 

In sharp contrast to the wealth of proven therapies for HFrEF (also known as 

systolic heart failure), trials of conventional heart failure medications have 

been neutral in HFpEF and there is, to date, no therapy proven to reduce 

mortality in HFpEF.  

 

8.1. Diagnosis of HFpEF 
 

The diagnosis of HFpEF can be challenging. General principles for the 

diagnosis of HFpEF include:2,3,293 

 

a) Clinical signs and/or symptoms consistent with heart failure 

b) Normal or mildly abnormal left ventricular systolic function 

c) Evidence of left ventricular diastolic dysfunction 

 

In practice, the diagnosis of HFpEF is usually made by confirming the clinical 

diagnosis of heart failure (based on typical symptoms and signs or using 

validated criteria such as Framingham criteria) and finding a preserved EF 

(≥50%), usually by echocardiography, in the absence of significant valve or 

pericardial disease. Because the diagnosis of heart failure is a clinical one that 

relies on nonspecific symptoms (e.g. breathlessness and fatigue), pattern 

recognition of the typical patient profile, physical examination to confirm the 

presence of increased left ventricular filling pressure (e.g. raised jugular 

venous pressure), and careful exclusion of differential diagnoses are 

important.  
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A recently proposed diagnostic approach to HFpEF uses a scoring system 

based on clinical and echocardiographic characteristics, to estimate the 

probability that HFpEF in a patient presenting with unexplained exertional 

dyspnoea.294 However, this diagnostic scoring approach has not been validated 

in Asian patients.  

 

8.2. Patient Characteristics 
 

Heart failure with preserved ejection fraction predominantly affects elderly 

(>65 years) hypertensive women. Co-existing cardiovascular risk factors are 

common, and include obesity in 41%–46%, CAD in 20%–76%, diabetes 

mellitus in 13%–70%, AF in 15%–41%, and hyperlipidaemia in 16%–77% of 

cases.295 In a contemporary, prospective, multicentre, observational study of 

patients with HFpEF in Singapore, the mean age was 68 years, 52% were 

women, 86% had hypertension, 59% had diabetes mellitus, and 33% had 

CAD.292 The burden of concomitant noncardiovascular disease is high in 

patients with HFpEF, and includes renal impairment, chronic lung diseases, 

anaemia, cancer, and peptic ulcer disease.296 Exertional dyspnoea and 

reduction in exercise tolerance are the most common presenting complaints.296 

  

Heart failure with preserved ejection fraction is a common cause of 

unexplained pulmonary hypertension in the elderly.297 Elderly patients with 

pulmonary hypertension and normal left ventricular chamber size and systolic 

function on transthoracic echocardiogram should be evaluated for HFpEF. 

 

8.3. Investigations 
 

Investigations are carried out to aid in the clinical diagnosis of heart failure 

syndrome, demonstrate normal LVEF and left ventricular diastolic 

dysfunction, assess cardiovascular risk factors, exclude differential diagnoses, 

look for comorbidities, and risk-stratify the patient (prognostication). These 

investigations include a combination of laboratory studies, invasive and 

noninvasive imaging studies, as already described in Section 2.2. While the 

following paragraphs consider issues pertinent to HFpEF, the general 

principles of investigation described in Section 2.2 still also apply to HFpEF. 

8.3.1. Circulating B-Type Natriuretic Peptide (BNP) and N-Terminal proBNP 

(NT-proBNP) 

Measurement of circulating natriuretic peptides may aid the diagnosis of 

HFpEF by ruling out heart failure (high negative predictive value) when levels 
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Recommendation: 

 

• Use transthoracic Doppler echocardiography to evaluate LVEF and 

establish the presence of left ventricular diastolic dysfunction (e.g. 

concentric LVH, left atrial dilatation, Doppler indices of raised left 

ventricular filling pressure); exclude valvular or pericardial disease; 

and assess for other potential differential diagnoses.2,3 (GPP) 

are below the following cut-offs: BNP<35 pg/mL or NT-proBNP<125 pg/mL 

in a nonacute setting; BNP <100 pg/mL or NT-proBNP <300 pg/mL in the 

acute setting.2 Notable cases, where patients with HFpEF may display a falsely 

low BNP or NT-proBNP level, include obese patients and patients with 

“flash” pulmonary oedema. In general, levels of natriuretic peptides are higher 

in the HFrEF population compared to the HFpEF population.292 Importantly, 

however, NT-proBNP is independently and similarly related to survival in 

heart failure, regardless of EF, and a given level of NT-pro BNP portends the 

same risk of death in HFpEF and HFrEF.292 

8.3.2. Transthoracic Doppler Echocardiography 

Transthoracic Doppler echocardiography is the main imaging modality used in 

HFpEF to establish the diagnosis by criteria, exclude valvular or pericardial 

disease, and assess for other potential differential diagnoses. No single 

echocardiographic parameter is sufficiently accurate and reproducible to be 

used in isolation to make a diagnosis of left ventricular diastolic dysfunction; 

therefore, a comprehensive echocardiographic examination incorporating all 

relevant two-dimensional and Doppler data is recommended, including both 

structural (LVH, left atrial dilation) and functional abnormalities (Doppler 

indices, AF). Echocardiographic criteria recommended by the European 

Society of Cardiology for the diagnosis of HFpEF (2016) include: Key 

structural alterations of a left atrial volume index >34 mL/m2 or a left 

ventricular mass index ≥115 g/m2 for males and ≥95 g/m2 for females; and key 

functional alterations of an E/e′ (ratio of mitral early diastolic inflow velocity 

to mitral early annular lengthening velocity) ≥13 and a mean e’ septal and 

lateral wall <9 cm/s.2 The recently proposed diagnostic probability scoring 

system (the “H2FPEF score”) emphasises the importance of AF and Doppler 

echocardiographic-estimated PASP>35 mmHg and uses a different cut-off for 

E/e’ (>9).294 
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Recommendation: 

 

• Cardiac catheterisation should be considered for the diagnosis of 

HFpEF in cases of uncertainty.2,3 (GPP) 

 

8.3.3. Cardiac Catheterisation 

Cardiac catheterisation for the invasive assessment of haemodynamic 

parameters remains the gold standard for the diagnosis of HFpEF. Criteria for 

raised left ventricular filling pressure include LVEDP≥16mmHg or a mean 

PCWP≥15mmHg.100,298 Cardiac catheterisation is particularly important in 

cases of diagnostic uncertainty (e.g. early HFpEF), or when there is a need to 

distinguish idiopathic pulmonary arterial hypertension from pulmonary venous 

hypertension secondary to HFpEF. Additional manoeuvers may be required 

during catheterisation to confirm the diagnosis, such as simple leg raise, 

exercise,299 volume challenge, or nipride infusion. 

 

 

8.3.4. Other Diagnostic Investigations 

Other diagnostic investigations that may be considered include standard 12-

lead electrocardiography (LVH, AF, ischaemia); chest X-ray (pulmonary 

venous congestion); stress testing (diastolic stress testing,65,299–304and 

myocardial ischaemia); coronary angiography (CAD); Holter monitoring 

(paroxysmal arrhythmias, rate control); or technetium scintigraphy (wild-type 

transthyretin amyloid).305 Cardiac magnetic resonance is an emerging 

technology that is particularly useful for cardiac chamber size quantification 

and detection of myocardial fibrosis.306–309 

8.4. Treatment of HFpEF 
 

In contrast to heart failure with reduced EF, there is limited clinical trial 

evidence guiding the treatment of HFpEF. At present, no specific therapy has 

demonstrated a mortality benefit in patients with HFpEF. Yet despite the 

neutral trials, calcium-channel blockers, beta-blockers, ACEis, ARBs, MRAs 

(e.g. spironolactone), and digoxin are frequently used in patients with HFpEF 

because of concomitant cardiovascular diseases.296 

 

In the absence of trial evidence, current management strategies should be 

based on an understanding of the underlying pathophysiological processes in 

HFpEF. The most well-recognised of these is left ventricular diastolic 
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Recommendation: 

 

• HFpEF should be managed by symptom control, treatment of 

precipitating factors, and management of comorbidities.2,3,5 (GPP) 

 

Recommendation: 

 

• Use loop diuretics to provide rapid symptomatic relief in patients 

with HFpEF and fluid overload.2,3,5 (Grade D, Level 4) 

 

dysfunction, which may be exacerbated by factors such as myocardial 

ischaemia, increased left ventricular after load, shortened left ventricular 

filling time due to tachycardia, or loss of atrial contribution to left ventricular 

filling (e.g. in AF). Moreover, since patients tend to be elderly with several 

comorbidities, management of these comorbidities is an important component 

of the overall management of HFpEF.2,3,5 

 

The management of HFpEF should focus on symptom improvement, treatment 

of precipitating factors, and management of comorbidities.2,3,5 

 

 

 

 

 

 

 

8.4.1.  Symptom Improvement 

 

Loop diuretics provide rapid symptomatic relief and are the preferred first-line 

therapy for most patients with heart failure syndrome, to lower left ventricular 

filling pressures and improve the clinical signs and symptoms of volume 

overload, i.e. pulmonary congestion and peripheral oedema.2,3,5 
 

 

 

.  

 

 

Optimal use of diuretics is vital. The main side effects of diuretics are 

electrolyte depletion, hypotension, and impairment of renal function. Patients 

with HFpEF are particularly susceptible to hypotension and azotaemia with 

over-diuresis due to the steep end-systolic pressure-volume relationship in 

HFpEF.310Regular monitoring of serum electrolytes and creatinine is 

recommended to avoid and treat electrolyte abnormalities and to aid the 

titration of diuretic doses. The aim is to achieve euvolaemia. Drugs that cause 

fluid retention or adversely affect renal function, such as NSAIDs, should be 

avoided if possible. 

 

The 2017 updated American College of Cardiology/American Heart 

Association Heart Failure guidelines also suggest consideration of aldosterone 

receptor antagonists (e.g. spironolactone) in appropriately selected patients 
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Recommendation: 

 

• Identify and treat specific precipitating factors in patients with 

HFpEF. These include controlling blood pressure in patients with 

poorly controlled hypertension, managing fast ventricular rate in AF, 

and treating myocardial ischaemia that is contributing to 

symptoms.3,5 (For further information, refer to Chapter 10: 

Treatment of Comorbidities [including AF].) (Grade D, Level 4) 

 

with HFpEF (with EF 45%, elevated BNP levels or HF admission within 1 

year, eGFR>30 mL/min, creatinine <2.5 mg/dL, potassium <5.0 mEq/L) to 

decrease hospitalisation, based on results of the TOPCAT (Treatment of 

Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist) 

trial,5,310–312 although confirmatory studies are required. 

 

8.4.2.  Treatment of Precipitating Factors 

 

It is critically important to identify and treat specific precipitating factors. 

These include controlling blood pressure in patients with poorly controlled 

hypertension or hypertensive crisis and managing the ventricular rate in 

tachyarrhythmias (commonly AF), both according to standard guidelines.2,3,5 

 

Patients with HFpEF commonly have underlying CAD. Myocardial ischaemia 

can adversely affect left ventricular systolic and diastolic function. Therefore, 

coronary revascularisation should be considered when myocardial ischaemia 

in patients with CAD is thought to contribute to symptoms.3,5 

 

 

 

 

 

 

 

 

 

 

8.4.3.  Management of Comorbidities 

 

Noncardiovascular comorbidities frequently seen in patients with HFpEF are 

renal impairment, chronic lung diseases, anaemia, cancer, and peptic ulcer 

disease.296 These comorbidities play an important role in the increased 

morbidity and mortality in HFpEF; they should be managed according to 

recommended guidelines.2 

 

Diet and Exercise 

 

Patient education should address issues such as diet, activity level, 

medications, follow-up appointments, weight and symptom monitoring, and 

how to react if symptoms worsen. The sodium-restricted DASH diet was 

associated with favourable changes in left ventricular diastolic function and 
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ventricular-arterial coupling in a small clinical study.313 Pilot trial data suggest 

that structured exercise training in patients with chronic HFpEF may improve 

symptoms and quality of life.314 

 

Future treatment strategies in HFpEF include both novel devices and drugs. 

Haemodynamic mechanisms of left atrial hypertension, pulmonary 

hypertension, and volume overload are currently being targeted in clinical 

trials with devices (e.g. interatrial septal device) and pharmacotherapies (e.g. 

ARNI, SGLT-2 inhibitors). Therapies targeting cellular/molecular 

mechanisms of microvascular inflammation, cardiometabolic abnormalities, 

and cellular/extracellular structural changes are also being tested in ongoing 

clinical trials.315 
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Recommendations: 

 

• Iron deficiency should be screened for and treated in patients with 

heart failure.30,316 (Grade A, Level 1+) 

• Heart failure patients with anaemia should be investigated and treated 

according to standard good clinical practice. (GPP) 

 

Recommendation: 

 

• Heart failure patients should be screened for comorbidities, which 

should be managed according to current guidelines specific to 

those conditions. (GPP) 

 

9. Treatment of Comorbidities 

 

9.1. Non-cardiovascular Comorbidities 
 

Non-cardiovascular comorbidities are frequent and important in patients with 

HF, since they can contribute to increased morbidity and mortality in heart 

failure and can impact treatment options in patients with heart failure (e.g. 

RAAS blockade may not be possible in some patients with severe renal 

impairment). Furthermore, drugs used to treat comorbidities may worsen heart 

failure and vice versa (e.g. certain cancer chemotherapeutic drugs can worsen 

heart failure, whereas beta-blockade for heart failure can worsen some cases 

of asthma). The management of comorbidities is, therefore, an integral 

component of the management of patients with heart failure. In general, 

comorbidities should be managed according to guideline recommendations. 

 

 

 

 

 

 

 

9.2.  Iron Deficiency  
 

Iron deficiency with or without anaemia is highly prevalent in patients with 

heart failure and associated with worse outcomes. Iron deficiency alone may 

contribute to symptoms and poor outcomes in heart failure, independent of 

anaemia. Iron deficiency and anaemia should be evaluated by standard 

methods and treatable causes (e.g. bleeding peptic ulcer) should be managed 

according to guidelines. Treatment of iron deficiency using intravenous iron 

has been studied in patients with heart failure and shown to improve self-

reported patient global assessment, NYHA, functional capacity, and quality of 

life (QoL), and may be associated with a reduced risk of hospitalisation for 

worsening heart failure.30,316 The utility of erythropoietin-stimulating agents as 

a treatment for anaemia of unknown aetiology is unproven.317 
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Recommendation: 

 

• In patients whom rate control strategy is chosen, atrioventricular 

node ablation and CRT device implantation can be performed if rate 

control cannot be achieved adequately due to drug intolerance or 

inefficiency.325 (Grade C, Level 2++) 

9.3. Atrial Fibrillation 
 

Patients with heart failure are more likely than the general population to 

develop AF.318 Patients with AF tend to have worse NYHA class. The 

presence of AF is also a strong independent risk factor for the subsequent 

development of heart failure.319 The pathophysiology of heart failure and AF 

such as tachycardia-mediated cardiomyopathy,320 fibrosis, and activation of 

neurohumoral vasoconstrictors may perpetuate heart failure and AF episodes. 

 

The main goals of therapy in heart failure patients with AF are prevention of 

thromboembolism and symptom control. These patients should 

receive systemic anticoagulation, unless otherwise contraindicated. Warfarin 

and alternatives to warfarin such as apixaban, dabigatran, or rivaroxaban are 

suitable agents to reduce stroke risk in patients with heart failure.321–323 

 

General principles of management include correction of reversible causes of 

AF and triggers of heart failure, in addition to optimisation of heart failure 

management. It is well known that AF with rapid ventricular response is a 

reversible cause of heart failure. In this regard, beta-blockers are preferred 

agents for achieving rate control, if they are not contraindicated. Digoxin may 

be given in addition to beta-blockers, although caution must be exercised in 

the presence of impaired renal function.324 In patients with depressed LVEF, 

non-dihydropyridine calcium antagonists, such as diltiazem, should not be 

used because of their negative inotropic effect.  

 

The second approach is to restore sinus rhythm. In this regard, amiodarone is 

often used in combination with cardioversion. This may offer an AF free 

period to assess the effect of sinus rhythm on NYHA status, LVEF, and 

quality of life.326–329 

 

Assessment of heart rate control during exercise and adjustment of 

pharmacological treatment to keep the rate in the physiological range is useful 

in symptomatic patients during activity. 
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Recommendations: 

 

• Atrial fibrillation catheter ablation to restore sinus rhythm may 

be offered to eligible patients. This may lead to an 

improvement in left ventricular ejection fraction and quality of 

life in patients who remained in sinus rhythm after catheter 

ablation. 330 (Grade B, Level 1+) 

• A beta-blocker or a non-dihydropyridine calcium channel 

antagonist can be used to control resting heart rate in 

compensated HFpEF patients with AF. (GPP) 

• In the absence of pre-excitation, the following intravenous 

agents can be used acutely to reduce the ventricular response to 

AF in patients with heart failure (with caution needed in 

patients with overt congestion or hypotension).  

o Beta-blockers (or a non-dihydropyridine calcium channel 

antagonist)331–335 

o Digoxin336 

o Amiodarone333,337 

(Grade B, Level 1+) 

• Digoxin can be used to control resting heart rate in patients 

with heart failure with reduced EF.338 However, it is ineffective 

in controlling ventricular response during exercise. A few 

studies have raised concerns about its long-term use, due to its 

association with increasedmortality.339,340 (Grade C, Level 1+) 

• A combination of digoxin and a beta-blocker (or a non-

dihydropyridine calcium-channel antagonist for patients with 

HFpEF) is reasonable to control resting and exercise heart rate 

in patients with AF.324,338 (Grade B, Level 2+) 

• It is reasonable to perform atrioventricular node ablation with 

ventricular pacing to control heart rate when pharmacological 

therapy is insufficient or not tolerated.263,264,341,342 (Grade B, 

Level 1++) 

• For patients with AF and rapid ventricular response causing or 

suspected of causing tachycardia-induced cardiomyopathy, it is 

reasonable to achieve rate control by either atrioventricular 

nodal blockade or a rhythm-control strategy.343,344 (Grade B, 

Level 2+) 
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Recommendations: 

 

• A rhythm-control strategy may be offered to patients with 

chronic heart failure who remain symptomatic from AF 

despite OMT. Suitable rhythm-control strategies include: 

o Amiodarone327,328,345 

o Sotalol 

o Catheter ablation330,346,347 

(Grade C, Level 2+) 

• Atrioventricular node ablation should not be performed 

before a trial of pharmacological agents to achieve ventricular 

rate control. (GPP) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.4 Diabetes Mellitus  
 

Diabetes mellitus is more prevalent in patients with heart failure and confers 

worse outcomes and poorer functional status. Progression of diabetes mellitus 

in heart failure is influenced by genetics, physical activity, body weight and 

dietary habits. Patients with heart failure without diabetes mellitus are also at 

an increased risk of diabetes mellitus, which is influenced by the use of loop 

diuretics and severity of heart failure. The prevalence of diabetes mellitus 

increases with age in patients with heart failure.348,349 Lifestyle modification 

and pharmacological therapies remain the mainstay of treatment.  

 

In patients with heart failure and newly diagnosed type 2 diabetes mellitus, 

initiation of glucose lowering therapy with SGLT2i can be considered as first 

line therapy to reduce cardiovascular risk350 in the absence of severe renal 

impairment (eGFR < 30 ml/min/1.73m2). SGLT2i act in proximal tubules to 

increase urinary glucose and sodium excretion. In addition, SGLT2i reduce 

weight, blood pressure and glycated haemoglobin. There is an increased risk 

of genital mycotic infections (balanitis in males, and vaginitis in females) 

when prescribing SGLT2i.175,176,350,351 The cardiovascular benefits of SGLT2i 

are mostly due to reduction in heart failure associated events. Metformin 

should be considered as add on therapy while on SGLT2i monotherapy if 

glycemic control remains suboptimal.352,353 

 

In patients with heart failure and existing type 2 diabetes mellitus treated with 

metformin, combination therapy with SGLT2i can be considered in patients 

with suboptimal glycaemic control, in the absence of severe renal impairment. 
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Recommendations: 

 

• SGLT2i can be initiated as first line therapy in patients with heart 

failure and newly diagnosed type 2 diabetes mellitus, or as an 

add on therapy to metformin in patients with type 2 diabetes 

mellitus to optimize glycemic control and to reduce heart failure 

hospitalization and cardiovascular deaths.175,176,350,351 (Grade B, 

Level 1+) 

• Metformin should be considered in combination with SGLT2i to 

improve glycemic control in patients with type 2 diabetes 

mellitus and heart failure in the absence of severe renal or 

hepatic impairment.352,353 (Grade C, Level 2+) 

• Thiazolidinediones should not be used in patients with heart 

failure and type 2 diabetes mellitus as it may cause fluid 

retention.354,355 (Grade A, Level 1+) 

 

 

9.4.1. Glucose-Lowering Agents in Patients with Heart Failure  
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Recommendations: 

 

• All patients with heart failure should be encouraged to enroll in a 

multidisciplinary care cardiac rehabilitation programme.289,357,358 

(Grade A, Level 1++) 

• Regular aerobic exercise should be encouraged in patients with 

mild (NYHA class I) heart failure to improve functional 

capacity.359,360 (Grade A, Level 1++) 

• Heart failure patients with stable class II to class III heart failure, 

with no contraindications, are encouraged to undertake exercise. 

Exercise intensity and duration should be determined by a trained 

physician or physiotherapist.158,361 (Grade A, Level 1++) 

Recommendation: 

 

• Low-intensity strength training may be added as an adjunct 

treatment in stable patients.366 (Grade C, Level 2+) 

 

10. Multidisciplinary Disease Management 

 

10.1 Cardiac Rehabilitation and Exercise in Heart Failure Patients 
 

A cardiac rehabilitation programme serves as an integral component in the 

comprehensive care and management of patients with heart failure. An 

effective cardiac rehabilitation programme should incorporate both supervised 

exercise training and disease-related self-care counselling.356 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No serious adverse exercise training-related events have been reported among 

heart failure patients in large meta-analyses.362–364 

 

Heart failure patients should initially participate in an institutional cardiac 

rehabilitation programme for safety and monitoring purposes before 

graduating to a community programme.365 

 

 

 

 

 

 

Combining aerobic and resistance components may provide similar benefits 

that could be associated with improved prognosis and an increased capacity to 

perform tasks of daily living.367 
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Recommendations: 

 

• Cardiopulmonary testing can be used as an objective assessment of 

patient’s aerobic fitness and prognosis.368–374 (Grade A, Level 1+) 

• Stress electrocardiogram with or without concomitant CPET may 

be used to guide exercise prescription in heart failure patients.360,370 

(Grade B, Level 2+) 

 

Recommendation: 

 

• The six-minute walk test may be used instead of cardiopulmonary 

tests to evaluate exercise capacity and exertional symptoms in 

patients with NYHA Classes II–IV.375–379 (Grade B, Level 1+) 

 

 

 

 

 

 

 

 

 

 

 

10.1.1 Prognostic Value and Diagnostic Potential of Cardiopulmonary Exercise 

Testing and Six-Minute Walk Test in Patients with Chronic Heart Failure 

 

Exercise testing allows objective evaluation of exercise capacity and 

exertional symptoms, such as dyspnoea and fatigue. It also helps the physician 

determine the therapeutic efficacy of ongoing treatments and necessity for any 

further interventions.370 

 

Gas exchange analysis helps differentiate between cardiac and respiratory 

causes of dyspnoea, shows whether the anaerobic threshold has been reached, 

and provides prognostic information (Peak VO2 is often measured as part of 

the assessment of candidates for heart transplantation). It gives an objective 

assessment of functional capacity.370 

 

 

 

 

 

 

 

10.1.2.  Exercise Prescription 

 

Ideally, the intensity of exercise can be set via the use of VO2 max testing 

(CPET). It is recommended that the initial training intensity for patients beset 

at 40%–50% of the VO2 peak or VO2 reserve (i.e. the difference between the 

basal and VO2 peak) and then progress to 70%–80% of VO2 or VO2R.360 

 

When CPET is not available in the clinical setting, the HRR method can be 

used to prescribe the training intensity (the difference between the basal and 

peak heart rate). The peak heart rate can be obtained from either a 
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Recommendations: 

 

• Stable high-risk heart failure patients should be monitored during 

the initial phase of the exercise training programme.380 (Grade B, 

Level 1++) 

• It is recommended that patients with the following clinical 

presentations receive continuous electrocardiogram monitoring 

during exercise training, until safety is established:282 

1. NYHA Class III/IV 

2. History of significant life-threatening arrhythmias 

3. Exercise capacity ≤6 METS 

4. Known myocardial ischaemia at a workload <6 METS 

(Grade D, Level 4) 

 

conventional stress test or a six-minute walking test. A training target set at 

40%–70% of HRR is recommended. The RPE should be used to monitor 

patients in conjunction with the target heart rate. A rating of 10–14 on the 6–

20 RPE scale is recommended.375 

 

Monitoring During Exercise 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.2 Multidisciplinary Disease Management  
 

Heart failure disease management programmes may reduce mortality, improve 

adherence to the treatment plan, reduce re-hospitalisation, as well as improve 

quality of life. 

 

A multidisciplinary heart failure disease management programme may 

include, but is not limited to, cardiologists, primary care doctors, nurses, 

pharmacists, physiotherapists, dietitians, and medical social workers. 

 

Heart failure disease management may include the following components: 

a) Comprehensive education and counselling, individualised to patient needs 

b) Optimisation of medical therapy 

c) Promotion of self-care, including self-adjustment of diuretic therapy in 

appropriate patients (or with family member/caregiver assistance) 

d) Emphasis on behavioural strategies to increase adherence to therapies 

e) Increased access to healthcare providers  

f) Early attention to signs and symptoms of fluid overload 
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Recommendation: 

 

• Patients with heart failure may be enrolled in a multidisciplinary 

heart failure disease management programme, where available.381–

387 (Grade B Level 1+) 

 

Recommendation: 

 

• Patients may be referred to a dedicated clinic for heart failure 

patients, where available.39,164,386,388–393 (Grade C Level 2+) 

 

g) Vigilant and early follow-up after hospital discharge or after periods of 

instability 

h) Assistance with social and financial concerns 

 

 

 

 

 

 

 

 

10.3 Heart Failure Clinic (HFC) 
 

A dedicated HFC has been shown to improve the quality of life, reduce 

hospital readmissions, and improve morbidity and mortality. Patients with 

heart failure who are discharged from hospital should return for an early 

follow-up visit to the clinic, to allow assessment of clinical response and 

prevent readmissions. 

 

The HFC may include the following components: 

a) Early and timely follow-up visits  

b) Functional status assessment 

c) Quality-of–life assessment 

d) Medical therapy and drug evaluation 

e) Device evaluation 

f) Nutritional assessment 

g) Advance care planning 

h) Quality assessment of process and outcome measures 

 

 

 

 

 

 

 

10.4 Patient Education and Counselling 
 

Patient education and counselling are important components in empowering 

heart failure patients to achieve self-management, which has been shown to 

reduce hospital readmission. Patient education and counselling must be 
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Recommendation: 

 

• Heart failure education and counselling should be made available 

to all heart failure patients and/or their caregivers upon diagnosis 

of heart failure.394–400 (Grade C, Level 2+) 

 

Recommendation: 

 

• A DASH-like diet is recommended for patients with chronic heart 

failure.401,403–408 (Grade B, Level 2++) 

 

individualised according to the individual patient’s level of health literacy and 

readiness to learn, and any barriers to learning must be addressed.  

 

 Patient education and counselling may comprise the following components: 

• Understanding how heart failure develops (i.e. pathophysiology) 

• Recognising and understanding heart failure signs and symptoms 

• Managing symptoms 

• Diet recommendations 

• Medication use 

• Activity and exercise 

• Compliance to the medical plan and attending follow-up visits 

• Weight management 

• Lifestyle modifications 

 

 

 

 

 

 

 

 

10.5 Diet Recommendations 
 

Studies that examined the effects of a low-sodium diet in heart failure patients 

were inconclusive. Dietary Approaches to Stop Hypertension (DASH) is a 

dietary pattern that is rich in fruits, vegetables, whole grains, and low-fat dairy 

with a reduced content of sodium, saturated fat, and total fat. The DASH diet 

is good for both controlling metabolic risk factors and being healthy.401A 

sodium-restricted DASH-like diet has been shown to decrease mortality and 

hospital readmission in heart failure patients. While studies showed that a low 

sodium diet may improve clinical congestion in acute decompensated heart 

failure patients, a very low sodium intake of <2000 mg with concurrent 

reduced renal perfusion and low cardiac output is associated with greater 

neurohormonal activation and worsening heart failure symptoms.402 
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Recommendation: 

 

• Individualise salt and fluid restriction in patients with chronic 

heart failure based on the patient’s cultural, economic, and social 

habits.388–390 One approach is to advise patients with chronic heart 

failure on how to reduce salt intake and fluid intake to <1.5 

L/day.403,405,409 (Grade C, Level 2+) 

Recommendation: 

 

• Patients with chronic heart failure should be encouraged to monitor 

their weight daily.39,410,411 (GPP) 

 

Recommendation: 

 

• Patients with heart failure must be advised to stop smoking 

tobacco.17,412–417 (Grade D, Level 4) 

 

 

 

 

 

 

 

 

 

 

 

10.6 Weight Monitoring  
 

Daily weight monitoring is an important component of self-management in 

patients with heart failure. Weight fluctuations in the short term (i.e. days) 

indicate fluid shifts. Sudden weight gain (e.g. >1 kg per day for >2 days) 

suggests fluid retention. Patients who detect weight changes can adjust their 

fluid intake and alert their healthcare provider. 

 

 

 

 

 

 

10.7 Lifestyle Modifications: Smoking/Alcohol/Drug Abuse Cessation 
 

10.7.1.  Smoking and Alcohol 

 

Smoking tobacco is an important modifiable risk factor for the development of 

cardiovascular disease. It is also associated with the development of 

pulmonary disease and cancer, which can worsen the symptoms and reduce 

physical performance. 

 

 

 

 

 

 

Excessive alcohol consumption can cause cardiomyopathy. Alcohol intake in 

patients with chronic heart failure should be modest (not >2 units per day in 

men or 1 unit per day in women). One unit is 10mL of pure alcohol (e.g. 1 
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Recommendation: 

 

• Heart failure patients with alcohol-induced cardiomyopathy should 

abstain from alcohol. Stable heart failure patients with other 

aetiologies may consume modest amounts of alcohol.418,419 (Grade 

D, Level 4) 

 

Recommendations: 

• Most patients with stable, treated heart failure can safely engage in 

sexual activity.420–422 (Grade D, Level 2+) 

 

• Heart failure patients with erectile dysfunction can be treated with 

PDE-5 inhibitor in the absence of significant myocardial ischaemia or 

with the concomitant use of nitrates.420–423 (Grade C, Level 2+) 

 

glass of wine, 1/2 pint of beer, 1 measure of spirit). However, patients with 

alcohol-induced cardiomyopathy should abstain from alcohol. 

 

 

 

 

 

 

 

 

 

10.8 Sexual Activity 
 

Clinicians should know the physiological requirements of sexual activity and 

the impact heart failure has on sexual performance. Fear of a cardiac event 

during intercourse can interfere with the patients' ability to perform and enjoy 

sex, and thus, it is important that the physician be able to counsel patients with 

heart failure about sexual activity. 

 

 

 

 

 

 

 

 

 

 

 

Absence of significant myocardial ischaemia could be assessed if the patient 

can achieve ≥5 to 6 METS on an ETT without demonstrating ischaemia.424 

 

10.9 Travel 
 

Most patients with stable heart failure who travel by commercial flights do not 

experience worsening of heart failure symptoms.425 Patients can discuss 

planned travel activities with their physician. 
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Recommendations: 

 

• Heart failure patients with new or worsening symptoms should 

consult a physician or a cardiologist for review of symptoms prior 

to travel.426 (Grade D, Level 4) 

• All heart failure patients should consider the following before 

planning to embark on travel:  

o Ensure adequate supply of all medications during the journey 

o Bring a record stating all the chronic medical conditions and 

regular medications 

o Have a good understanding of symptoms of exacerbation of 

heart failure 

o During long journeys, patients should exercise the calf and foot 

muscles regularly to reduce the risk of deep-vein thrombosis.  

GPP 

 

 

 

Recommendations: 

 

• Influenza and pneumococcal vaccinations are recommended in 

patients with chronic heart failure, unless contraindicated.319,357,427–

430 (Grade D, Level 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.10 Vaccination Recommendations 
 

Influenza is a common infectious respiratory disease that may manifest more 

complications in those with chronic diseases such as heart failure. Influenza is 

preventable with influenza vaccination. S. pneumoniae is the most common 

cause of community-acquired pneumonia, meningitis, and bacteraemia in 

children and adults, including in elderly individuals. Patients aged 65 years 

and above with underlying chronic diseases such as cardiovascular disease are 

at greater risk for pneumococcal pneumonia and mortality from pneumococcal 

pneumonia. Pneumococcal pneumonia can be prevented with pneumococcal 

vaccination. 

 

 

 

 

 

 

 

10.11 Depression 
 

10.11.1. Prevalence  
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Recommendation: 

 

• Clinicians should assess the presence and severity of depressive 

symptoms in patients with heart failure.257 (Grade D, Level 3) 

 

Recommendations: 

 

• Clinicians should offer supportive care, including counselling 

patients on adaptive skills and providing more information about 

heart failure, to heart failure patients with depression. (GPP) 

• When drug treatment is required for depression in heart failure 

patients, selective serotonin receptor uptake inhibitors are 

recommended, as they have a safer cardiovascular profile.431,432 

(Grade B, Level 1+) 

 

Clinicians should consider the possible presence of depression in patients with 

heart failure. Depression is common with an estimated prevalence rate 9%–

60%, with an aggregate estimate of approximately 21.5%. The prognosis is 

worse in heart failure patients with depressive symptoms, which are more 

severe. 

 

 

 

 

 

 

10.11.2. Management  

 

There is no conclusive evidence that antidepressants provide additional benefit 

to supportive care in heart failure patients; clinicians may consider reserving 

the use of antidepressants only when patients do not respond to supportive 

care. 

 

 

Clinicians may use antidepressants only when patients with depression do not 

respond to supportive care. Selective serotonin receptor uptake inhibitors are 

thought to be safe in heart failure patients. Tricyclic antidepressants are not 

safe because they may cause hypotension, worsening heart failure, and 

arrhythmias. 

 

 

 

 

 
 

 

 

 

 

 

 

10.12 Remote Monitoring  
 

Randomised controlled trials on home telemonitoring, via scheduled 

structured telephone support or remote telemonitoring of physiological data 

(weight, heart rate, blood pressure) that are automatically transferred to a 
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Recommendation: 

 

• Heart failure patients at higher risk of re-hospitalisation may be 

referred for transitional care and home-care services.438–441 (Grade 

B, Level 2+) 

Recommendation: 

 

• Heart failure patients who consent, may be enrolled in a structured 

telephonic monitoring programme.433–437 (Grade C, Level 2+) 

service provider, have shown mixed results for all-cause mortality, heart 

failure readmissions, and quality of life. The selection of remote monitoring 

must be personalised to the patient. 

 

10.12.1. Structured Telephonic Monitoring 

 

Structured telephonic monitoring may be a complementary strategy to 

enhance adherence to heart failure therapy; it may allow for early 

identification of heart failure signs and symptoms, resulting in early 

intervention. Heart failure patients who are discharged from hospital and are 

amenable to structured telephonic monitoring may be contacted by telephone 

within 3–7 days for early assessment of clinical response and identification of 

potential barriers to adherence to the treatment plan. This has been shown to 

reduce heart failure readmission. 

 

 

 

 

 

 

10.12.2. Transitional Care and Home Care 

 

Effective discharge-planning and care-coordination prior to hospital discharge 

facilitates the delivery of evidence-based medical care, promotes adherence to 

the treatment plan, improves performance outcomes, and prevents 

readmission. 
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Recommendations: 

 

A heart failure disease management programme may adopt the following 

quality and process indicators:164,442–445 

 

• Percentage of heart failure patients who have objective assessment 

of left ventricular systolic function using imaging (before 

admission, during hospitalization or planned on discharge) 

• Percentage of heart failure patients with left ventricular systolic 

dysfunction and without contraindications who are prescribed an 

ACEi, ARB, or ARNI 

• Percentage of heart failure patients with left ventricular systolic 

dysfunction and without contraindications who are prescribed a 

beta-blocker 

• Percentage of heart failure patients with left ventricular systolic 

dysfunction and without contraindications who are prescribed an 

MRA 

• Percentage of heart failure patients eligible for implantable 

defibrillators who are offered implantable defibrillators 

• Percentage of heart failure patients who receive education material 

on heart failure or discharge instructions during hospitalization or at 

discharge 

Grade C Level 2+ 

11. Clinical Quality Indicators 
 

11.1 Performance Outcomes and Measurements 

 

Measuring process and outcome indicators based on clinical guidelines 

improves the quality of care and mortality in HF patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

97 
 

References 
 

1. Davis RC, Hobbs FD, Lip GY. ABC of heart failure. History and epidemiology. 

BMJ. 2000;320(7226):39–42. 

2. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al. 

ESC Scientific Document Group. 2016 ESC Guidelines for the diagnosis and 

treatment of acute and chronic heart failure: The Task Force for the diagnosis and 

treatment of acute and chronic heart failure of the European Society of Cardiology 

(ESC) developed with the special contribution of the Heart Failure Association 

(HFA) of the ESC. Eur Heart J. 2016;37(27):2129–2200.  

3. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH, et al. 

(Writing committee members). American College of Cardiology 

Foundation/American Heart Association Task Force on Practice Guidelines. 2013 

ACCF/AHA guideline for the management of heart failure: A report of the 

American College of Cardiology Foundation/American Heart Association Task 

Force on practice guidelines. Circulation. 2013;128(16):e240–e327. 

4.  Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin MM, et al. 

(Writing committee members). 2016 ACC/AHA/HFSA Focused update on new 

pharmacological therapy for heart failure: An update of the 2013 ACCF/AHA 

guideline for the management of heart failure: A Report of the American College 

of Cardiology/American Heart Association Task Force on Clinical Practice 

Guidelines and the Heart Failure Society of America. 

Circulation. 2016;134(13):e282–e293.  

5. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin MM, et al. 2017 

ACC/AHA/HFSA Focused update of the 2013 ACCF/AHA guideline for the 

management of heart failure: A report of the American College of 

Cardiology/American Heart Association Task Force on Clinical Practice 

Guidelines and the Heart Failure Society of America. 

Circulation. 2017;136(6):e137–e161.  

6. Silverberg DS, Wexler D, Blum M, Keren G, Sheps D, Leibovitch E, et al. The use 

of subcutaneous erythropoietin and intravenous iron for the treatment of the 

anemia of severe, resistant congestive heart failure improves cardiac and renal 

function and functional cardiac class, and markedly reduces hospitalizations. 

Journal of the American College of Cardiology. 2000 6//;35(7):1737-44. 

7. Anand IS, Chandrashekhar Y, Ferrari R, Poole-Wilson PA, Harris PC. 

Pathogenesis of oedema in chronic severe anaemia: studies of body water and 

sodium, renal function, haemodynamic variables, and plasma hormones. British 

Heart Journal. 1993 Oct;70(4):357-62. 

8. Maxwell AP, Ong HY, Nicholls DP. Influence of progressive renal dysfunction in 

chronic heart failure. Eur J Heart Fail. 2002 Mar;4(2):125-30. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=10617530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hobbs%20FD%5BAuthor%5D&cauthor=true&cauthor_uid=10617530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lip%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=10617530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ponikowski%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27206819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voors%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=27206819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anker%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=27206819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bueno%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27206819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cleland%20JGF%5BAuthor%5D&cauthor=true&cauthor_uid=27206819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coats%20AJS%5BAuthor%5D&cauthor=true&cauthor_uid=27206819
https://www.ncbi.nlm.nih.gov/pubmed/?term=ESC%20Scientific%20Document%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/27206819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yancy%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=23741058
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jessup%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23741058
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bozkurt%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23741058
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butler%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23741058
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casey%20DE%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=23741058
https://www.ncbi.nlm.nih.gov/pubmed/?term=Drazner%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=23741058
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20College%20of%20Cardiology%20Foundation%2FAmerican%20Heart%20Association%20Task%20Force%20on%20Practice%20Guidelines%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20College%20of%20Cardiology%20Foundation%2FAmerican%20Heart%20Association%20Task%20Force%20on%20Practice%20Guidelines%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Circulation.+2013%3B128%3Ae240%E2%80%93327
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yancy%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=27208050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jessup%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27208050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bozkurt%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27208050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butler%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27208050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casey%20DE%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=27208050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colvin%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=27208050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Circulation.+2016%3B134%3Ae282%E2%80%9393
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yancy%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=28455343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jessup%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28455343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bozkurt%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28455343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butler%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28455343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casey%20DE%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=28455343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colvin%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=28455343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Circulation.+2017%3B136%3Ae137%E2%80%93e161


 

98 
 

9. Ronco C, Haapio M, House AA, Anavekar N, Bellomo R. Cardiorenal Syndrome. 

Journal of the American College of Cardiology. 2008 11/4/;52(19):1527-39. 

10. Kourouklis C, Christensen O, Augoustakis D. Bumetanide in congestive heart 

failure. Current Medical Research and Opinion. 1976;4(6):422-31. 

11. Maisel AS, Krishnaswamy P, Nowak RM, McCord J, Hollander JE, Duc P, et al. 

Rapid Measurement of B-Type Natriuretic Peptide in the Emergency Diagnosis of 

Heart Failure. New England Journal of Medicine. 2002;347(3):161-7. 

12. Davis M, Espiner E, Richards G, Billings J, Town I, Neill A, et al. Plasma brain 

natriuretic peptide in assessment of acute dyspnoea. Lancet. 1994 Feb 

19;343(8895):440-4. 

13. Troughton RW, Frampton CM, Yandle TG, Espine EA, Nicholls MG, Richards 

AM. Treatment of heart failure guided by plasma aminoterminal brain natriuretic 

peptide (N-BNP) concentrations. The Lancet. 2000 4/1/;355(9210):1126-30. 

14. Mebazaa A, Gayat E, Lassus J, Meas T, Mueller C, Maggioni A, et al. Association 

Between Elevated Blood Glucose and Outcome in Acute Heart Failure: Results 

From an International Observational Cohort. Journal of the American College of 

Cardiology. 2013 2/26/;61(8):820-9. 

15. From AM, Leibson CL, Bursi F, Redfield MM, Weston SA, Jacobsen SJ, et al. 

Diabetes in Heart Failure: Prevalence and Impact on Outcome in the Population. 

The American Journal of Medicine. 2006 7//;119(7):591-9. 

16. Nielson C, Lange T. Blood glucose and heart failure in nondiabetic patients. 

Diabetes Care. 2005 Mar;28(3):607-11. 

17. Suskin N, Sheth T, Negassa A, Yusuf S. Relationship of current and past smoking 

to mortality and morbidity in patients with left ventricular dysfunction. Journal of 

the American College of Cardiology. 2001 May;37(6):1677-82. 

18. Leong KT, Goh PP, Chang BC, Lingamanaicker J. Heart failure cohort in 

Singapore with defined criteria: clinical characteristics and prognosis in a multi-

ethnic hospital-based cohort in Singapore. Singapore Medical Journal. 2007 

May;48(5):408-14. 

19. Reichlin T, Hochholzer W, Bassetti S, Steuer S, Stelzig C, Hartwiger S, et al. Early 

Diagnosis of Myocardial Infarction with Sensitive Cardiac Troponin Assays. New 

England Journal of Medicine. 2009;361(9):858-67. 

20. Pascual-Figal DA, Casas T, Ordonez-Llanos J, Manzano-Fernandez S, Bonaque 

JC, Boronat M, et al. Highly sensitive troponin T for risk stratification of acutely 

destabilized heart failure. American Heart Journal. 2012 Jun;163(6):1002-10. 

21. Latini R, Masson S, Anand IS, Missov E, Carlson M, Vago T, et al. Prognostic 

Value of Very Low Plasma Concentrations of Troponin T in Patients With Stable 

Chronic Heart Failure. Circulation. 2007 September 11, 2007;116(11):1242-9. 

22. Miñana G, Núñez J, Bañuls P, Sanchis J, Núñez E, Robles R, et al. Prognostic 

implications of arterial blood gases in acute decompensated heart failure. 

European Journal of Internal Medicine. 2011 10//;22(5):489-94. 



 

99 
 

23. Gray A, Goodacre S, Newby DE, Masson M, Sampson F, Nicholl J. Noninvasive 

Ventilation in Acute Cardiogenic Pulmonary Edema. New England Journal of 

Medicine. 2008;359(2):142-51. 

24. Masip J, De Mendoza D, Planas K, Paez J, Sanchez B, Cancio B. Peripheral 

venous blood gases and pulse-oximetry in acute cardiogenic pulmonary oedema. 

European Heart JournalAcute cardiovascular care. 2012 Dec;1(4):275-80. 

25. Jankowska EA, Rozentryt P, Witkowska A, Nowak J, Hartmann O, Ponikowska B, 

et al. Iron deficiency: an ominous sign in patients with systolic chronic heart 

failure. European Heart Journal. 2010 Aug;31(15):1872-80. 

26. Jankowska EA, Rozentryt P, Witkowska A, Nowak J, Hartmann O, Ponikowska B, 

et al. Iron deficiency predicts impaired exercise capacity in patients with systolic 

chronic heart failure. Journal of cardiac failure. 2011 Nov;17(11):899-906. 

27. Opasich C, Cazzola M, Scelsi L, De Feo S, Bosimini E, Lagioia R, et al. Blunted 

erythropoietin production and defective iron supply for erythropoiesis as major 

causes of anaemia in patients with chronic heart failure. European Heart Journal. 

2005 Nov;26(21):2232-7. 

28. Okonko DO, Grzeslo A, Witkowski T, Mandal AKJ, Slater RM, Roughton M, et 

al. Effect of Intravenous Iron Sucrose on Exercise Tolerance in Anemic and 

Nonanemic Patients With Symptomatic Chronic Heart Failure and Iron 

Deficiency: FERRIC-HF: A Randomized, Controlled, Observer-Blinded Trial. 

Journal of the American College of Cardiology. 2008 1/15/;51(2):103-12. 

29. Nanas JN, Matsouka C, Karageorgopoulos D, Leonti A, Tsolakis E, Drakos SG, et 

al. Etiology of Anemia in Patients With Advanced Heart Failure. Journal of the 

American College of Cardiology. 2006 12/19/;48(12):2485-9. 

30. Anker SD, Comin Colet J, Filippatos G, Willenheimer R, Dickstein K, Drexler H, 

et al. Ferric Carboxymaltose in Patients with Heart Failure and Iron Deficiency. 

New England Journal of Medicine. 2009;361(25):2436-48. 

31. Davie AP, Francis CM, Love MP, Caruana L, Starkey IR, Shaw TR, et al. Value of 

the electrocardiogram in identifying heart failure due to left ventricular systolic 

dysfunction. BMJ (Clinical research ed). 1996 Jan 27;312(7025):222. 

32. Phillips E, Levine SA. Auricular fibrillation without other evidence of heart 

disease; a cause of reversible heart failure. Am J Med. 1949 Oct;7(4):478-89. 

33. Maisel WH, Stevenson LW. Atrial fibrillation in heart failure: epidemiology, 

pathophysiology, and rationale for therapy. The American Journal of Cardiology. 

2003 3/20/;91(6, Supplement 1):2-8. 

34. The Global Use of Strategies to Open Occluded Coronary Arteries in Acute 

Coronary Syndromes (GUSTO IIb) Angioplasty Substudy Investigators. A 

Clinical Trial Comparing Primary Coronary Angioplasty with Tissue Plasminogen 

Activator for Acute Myocardial Infarction. New England Journal of Medicine. 

1997;336(23):1621-8. 



 

100 
 

35. Pistolesi M, Milne EN, Miniati M, Giuntini C. The vascular pedicle of the heart 

and the vena azygos. Part II: Acquired heart disease. Radiology. 1984 

1984/07/01;152(1):9-17. 

36. Simon M. The Pulmonary Vessels in Incipient Left Ventricular Decompensation: 

Radiologic Observations. Circulation. 1961 August 1, 1961;24(2):185-90. 

37. Via G, Hussain A, Wells M, Reardon R, ElBarbary M, Noble VE, et al. 

International Evidence-Based Recommendations for Focused Cardiac Ultrasound. 

Journal of the American Society of Echocardiography. 2014 7//;27(7):683.e1-.e33. 

38. Hogg K, Swedberg K, McMurray J. Heart Failure With Preserved Left Ventricular 

Systolic FunctionJournal of the American College of Cardiology. 2004;43(3):317-

27. 

39. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K, et 

al. ESC Guidelines for the diagnosis and treatment of acute and chronic heart 

failure 2012: The Task Force for the Diagnosis and Treatment of Acute and 

Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in 

collaboration with the Heart Failure Association (HFA) of the ESC. European 

Heart Journal. 2012 Jul;33(14):1787-847. 

40. Heart Failure Society of America. HFSA 2010 Comprehensive Heart Failure 

Practice Guideline. Journal of cardiac failure. 2010 6//;16(6):e1-e2. 

41. Jessup Likoff M, Chandler SL, Kay HR. Clinical determinants of mortality in 

chronic congestive heart failure secondary to idiopathic dilated or to ischemic 

cardiomyopathy. The American Journal of Cardiology. 1987 3/1/;59(6):634-8. 

42. Sabia P, Abbott RD, Afrookteh A, Keller MW, Touchstone DA, Kaul S. 

Importance of two-dimensional echocardiographic assessment of left ventricular 

systolic function in patients presenting to the emergency room with cardiac-related 

symptoms. Circulation. 1991 October 1, 1991;84(4):1615-24. 

43. Rihal CS, Nishimura RA, Hatle LK, Bailey KR, Tajik AJ. Systolic and diastolic 

dysfunction in patients with clinical diagnosis of dilated cardiomyopathy. Relation 

to symptoms and prognosis. Circulation. 1994 December 1, 1994;90(6):2772-9. 

44. Giannuzzi P, Temporelli PL, Bosimini E, Silva P, Imparato A, Corrà U, et al. 

Independent and incremental prognostic value of doppler-derived mitral 

deceleration time of early filling in both symptomatic and asymptomatic patients 

with left ventricular dysfunction. Journal of the American College of Cardiology. 

1996 8//;28(2):383-90. 

45. Pozzoli M, Traversi E, Cioffi G, Stenner R, Sanarico M, Tavazzi L. Loading 

manipulations improve the prognostic value of Doppler evaluation of mitral flow 

in patients with chronic heart failure. Circulation. 1997 Mar 4;95(5):1222-30. 

46. AlJaroudi W, Alraies MC, Halley C, Rodriguez L, Grimm RA, Thomas JD, et al. 

Impact of Progression of Diastolic Dysfunction on Mortality in Patients With 

Normal Ejection Fraction. Circulation. 2012 February 14, 2012;125(6):782-8. 



 

101 
 

47. Swan HJC, Ganz W, Forrester J, Marcus H, Diamond G, Chonette D. 

Catheterization of the Heart in Man with Use of a Flow-Directed Balloon-Tipped 

Catheter. New England Journal of Medicine. 1970 1970/08/27;283(9):447-51. 

48. Milan A, Magnino C, Veglio F. Echocardiographic Indexes for the Non-Invasive 

Evaluation of Pulmonary Hemodynamics. Journal of the American Society of 

Echocardiography. 2010 3//;23(3):225-39. 

49. Brennan JM, Blair JE, Goonewardena S, Ronan A, Shah D, Vasaiwala S, et al. 

Reappraisal of the Use of Inferior Vena Cava for Estimating Right Atrial Pressure. 

Journal of the American Society of Echocardiography. 2007 7//;20(7):857-61. 

50. Beshai JF, Grimm RA, Nagueh SF, Baker JH, Beau SL, Greenberg SM, et al. 

Cardiac-Resynchronization Therapy in Heart Failure with Narrow QRS 

Complexes. New England Journal of Medicine. 2007;357(24):2461-71. 

51. Chung ES, Leon AR, Tavazzi L, Sun J-P, Nihoyannopoulos P, Merlino J, et al. 

Results of the Predictors of Response to CRT (PROSPECT) Trial. Circulation. 

2008 May 20, 2008;117(20):2608-16. 

52. Sicari R, Nihoyannopoulos P, Evangelista A, Kasprzak J, Lancellotti P, 

Poldermans D, et al. Stress echocardiography expert consensus statement: 

European Association of Echocardiography (EAE) (a registered branch of the 

ESC). European journal of echocardiography: the journal of the Working Group 

on Echocardiography of the European Society of Cardiology. 2008 Jul;9(4):415-

37. 

53. Franchini M, Traversi E, Cannizzaro G, Cobelli F, Pozzoli M. Dobutamine Stress 

Echocardiography and Thallium-201 SPECT for Detecting Ischaemic Dilated 

Cardiomyopathy in Patients with Heart Failure. European Heart Journal - 

Cardiovascular Imaging. 2000;1(2):109-15. 

54. Gillespie ND, McNeill G, Pringle T, Ogston S, Struthers AD, Pringle SD. Cross 

sectional study of contribution of clinical assessment and simple cardiac 

investigations to diagnosis of left ventricular systolic dysfunction in patients 

admitted with acute dyspnoea. BMJ (Clinical research ed). 1997 Mar 

29;314(7085):936-40. 

55. Liteplo AS, Marill KA, Villen T, Miller RM, Murray AF, Croft PE, et al. 

Emergency thoracic ultrasound in the differentiation of the etiology of shortness of 

breath (ETUDES): sonographic B-lines and N-terminal pro-brain-type natriuretic 

peptide in diagnosing congestive heart failure. Academic emergency medicine: 

official journal of the Society for Academic Emergency Medicine. 2009 

Mar;16(3):201-10. 

56. Moreyra AE, Huang MS, Wilson AC, Deng Y, Cosgrove NM, Kostis JB. Trends 

in incidence and mortality rates of ventricular septal rupture during acute 

myocardial infarction. The American Journal of Cardiology. 2010 Oct 

15;106(8):1095-100. 

57. Feneley MP, Chang VP, O'Rourke MF. Myocardial rupture after acute myocardial 

infarction. Ten year review. British Heart Journal. 1983 Jun;49(6):550-6. 



 

102 
 

58. Curtis JP, Sokol SI, Wang Y, Rathore SS, Ko DT, Jadbabaie F, et al. The 

association of left ventricular ejection fraction, mortality, and cause of death in 

stable outpatients with heart failure. Journal of the American College of 

Cardiology. 2003 Aug 20;42(4):736-42. 

59. Cohn JN, Johnson G, Ziesche S, Cobb F, Francis G, Tristani F, et al. A comparison 

of enalapril with hydralazine-isosorbide dinitrate in the treatment of chronic 

congestive heart failure. The New England Journal of Medicine. 1991 Aug 

1;325(5):303-10. 

60. The SOLVD Investigators. Effect of enalapril on survival in patients with reduced 

left ventricular ejection fractions and congestive heart failure. The SOLVD 

Investigators. The New England Journal of Medicine. 1991 Aug 1;325(5):293-302. 

61. The CONSENSUS Trial Study Group. Effects of enalapril on mortality in severe 

congestive heart failure. .The New England Journal of Medicine. 1987 Jun 

4;316(23):1429-35. 

62. Rohde LE, Palombini DV, Polanczyk CA, Goldraich LA, Clausell N. A 

hemodynamically oriented echocardiography-based strategy in the treatment of 

congestive heart failure. Journal of cardiac failure. 2007 Oct;13(8):618-25. 

63. Sharma GV, Woods PA, Lindsey N, O'Connell C, Connolly L, Joseph J, et al. 

Noninvasive monitoring of left ventricular end-diastolic pressure reduces 

rehospitalization rates in patients hospitalized for heart failure: a randomized 

controlled trial. Journal of cardiac failure. 2011 Sep;17(9):718-25. 

64. Rizzello V, Poldermans D, Schinkel AF, Biagini E, Boersma E, Elhendy A, et al. 

Long term prognostic value of myocardial viability and ischaemia during 

dobutamine stress echocardiography in patients with ischaemic cardiomyopathy 

undergoing coronary revascularisation. Heart (British Cardiac Society). 2006 

Feb;92(2):239-44. 

65. Holland DJ, Prasad SB, Marwick TH. Contribution of exercise echocardiography 

to the diagnosis of heart failure with preserved ejection fraction (HFpEF). Heart 

(British Cardiac Society). 2010 Jul;96(13):1024-8. 

66. Donal E, Lund LH, Oger E, Reynaud A, Schnell F, Persson H, et al. Value of 

exercise echocardiography in heart failure with preserved ejection fraction: a 

substudy from the KaRen study. European Heart Journal cardiovascular Imaging. 

2016 Jan;17(1):106-13. 

67. Chua TP, Ponikowski P, Harrington D, Anker SD, Webb-Peploe K, Clark AL, et 

al. Clinical correlates and prognostic significance of the ventilatory response to 

exercise in chronic heart failure. Journal of the American College of Cardiology. 

1997 Jun;29(7):1585-90. 

68. Guazzi M, Myers J, Arena R. Cardiopulmonary exercise testing in the clinical and 

prognostic assessment of diastolic heart failure. Journal of the American College 

of Cardiology. 2005 Nov 15;46(10):1883-90. 



 

103 
 

69. Guazzi M, Myers J, Peberdy MA, Bensimhon D, Chase P, Arena R. Exercise 

oscillatory breathing in diastolic heart failure: prevalence and prognostic insights. 

European Heart Journal. 2008 Nov;29(22):2751-9. 

70. Muntwyler J, Abetel G, Gruner C, Follath F. One-year mortality among unselected 

outpatients with heart failure. European Heart Journal. 2002 Dec;23(23):1861-6. 

71. Mancini DM, Eisen H, Kussmaul W, Mull R, Edmunds LH, Jr., Wilson JR. Value 

of peak exercise oxygen consumption for optimal timing of cardiac transplantation 

in ambulatory patients with heart failure. Circulation. 1991 Mar;83(3):778-86. 

72. Balady GJ, Arena R, Sietsema K, Myers J, Coke L, Fletcher GF, et al. Clinician's 

Guide to cardiopulmonary exercise testing in adults: a scientific statement from the 

American Heart Association. Circulation. 2010 Jul 13;122(2):191-225. 

73. Arena R, Myers J, Guazzi M. The Clinical Significance of Aerobic Exercise 

Testing and Prescription: From Apparently Healthy to Confirmed Cardiovascular 

Disease. American Journal of Lifestyle Medicine. 2008 November 1, 

2008;2(6):519-36. 

74. Andreini D, Pontone G, Pepi M, Ballerini G, Bartorelli AL, Magini A, et al. 

Diagnostic accuracy of multidetector computed tomography coronary angiography 

in patients with dilated cardiomyopathy. Journal of the American College of 

Cardiology. 2007 May 22;49(20):2044-50. 

75. Sato A, Hiroe M, Nozato T, Hikita H, Ito Y, Ohigashi H, et al. Early validation 

study of 64-slice multidetector computed tomography for the assessment of 

myocardial viability and the prediction of left ventricular remodelling after acute 

myocardial infarction. European Heart Journal. 2008 Feb;29(4):490-8. 

76. Sato A, Nozato T, Hikita H, Akiyama D, Nishina H, Hoshi T, et al. Prognostic 

value of myocardial contrast delayed enhancement with 64-slice multidetector 

computed tomography after acute myocardial infarction. Journal of the American 

College of Cardiology. 2012 Feb 21;59(8):730-8. 

77. Cleland JG, Pennell DJ, Ray SG, Coats AJ, Macfarlane PW, Murray GD, et al. 

Myocardial viability as a determinant of the ejection fraction response to carvedilol 

in patients with heart failure (CHRISTMAS trial): randomised controlled trial. 

Lancet. 2003 Jul 5;362(9377):14-21. 

78. Beanlands RS, Nichol G, Huszti E, Humen D, Racine N, Freeman M, et al. F-18-

fluorodeoxyglucose positron emission tomography imaging-assisted management 

of patients with severe left ventricular dysfunction and suspected coronary disease: 

a randomized, controlled trial (PARR-2). Journal of the American College of 

Cardiology. 2007 Nov 13;50(20):2002-12. 

79. Schinkel AF, Poldermans D, Elhendy A, Bax JJ. Assessment of myocardial 

viability in patients with heart failure. Journal of nuclear medicine: official 

publication, Society of Nuclear Medicine. 2007 Jul;48(7):1135-46. 

80. Abidov A, Rozanski A, Hachamovitch R, Hayes SW, Aboul-Enein F, Cohen I, et 

al. Prognostic significance of dyspnea in patients referred for cardiac stress testing. 

The New England Journal of Medicine. 2005 Nov 3;353(18):1889-98. 



 

104 
 

81. Soman P, Lahiri A, Mieres JH, Calnon DA, Wolinsky D, Beller GA, et al. 

Etiology and pathophysiology of new-onset heart failure: evaluation by myocardial 

perfusion imaging. Journal of nuclear cardiology: official publication of the 

American Society of Nuclear Cardiology. 2009 Jan-Feb;16(1):82-91. 

82. Panza JA, Holly TA, Asch FM, She L, Pellikka PA, Velazquez EJ, et al. Inducible 

myocardial ischemia and outcomes in patients with coronary artery disease and left 

ventricular dysfunction. Journal of the American College of Cardiology. 2013 May 

7;61(18):1860-70. 

83. Kim Y-H, Ahn J-M, Park D-W, Song HG, Lee J-Y, Kim W-J, et al. Impact of 

Ischemia-Guided Revascularization With Myocardial Perfusion Imaging for 

Patients With Multivessel Coronary Disease. Journal of the American College of 

Cardiology. 2012 7/17/;60(3):181-90. 

84. Schwitter J. Extending the frontiers of cardiac magnetic resonance. Circulation. 

2008 Jul 8;118(2):109-12. 

85. Raman SV, Simonetti OP. The CMR examination in heart failure. Heart failure 

clinics. 2009 Jul;5(3):283-300, v. 

86. Marantz PR, Tobin JN, Wassertheil-Smoller S, Steingart RM, Wexler JP, Budner 

N, et al. The relationship between left ventricular systolic function and congestive 

heart failure diagnosed by clinical criteria. Circulation. 1988 Mar;77(3):607-12. 

87. Harlan WR, oberman A, Grimm R, Rosati RA. Chronic congestive heart failure in 

coronary artery disease: clinical criteria. Annals of internal medicine. 1977 

Feb;86(2):133-8. 

88. Wheeler AP, Bernard GR, Thompson BT, Schoenfeld D, Wiedemann HP, 

deBoisblanc B, et al. Pulmonary-artery versus central venous catheter to guide 

treatment of acute lung injury. The New England Journal of Medicine. 2006 May 

25;354(21):2213-24. 

89. Binanay C, Califf RM, Hasselblad V, O'Connor CM, Shah MR, Sopko G, et al. 

Evaluation study of congestive heart failure and pulmonary artery catheterization 

effectiveness: the ESCAPE trial. JAMA: the Journal of the American Medical 

Association. 2005 Oct 5;294(13):1625-33. 

90. Hall JB. Searching for evidence to support pulmonary artery catheter use in 

critically ill patients. JAMA: the Journal of the American Medical Association. 

2005 Oct 5;294(13):1693-4. 

91. Gau GT, Goodwin JF, Oakley CM, Olsen EG, Rahimtoola SH, Raphael MJ, et al. 

Q waves and coronary arteriography in cardiomyopathy. British Heart Journal. 

1972 Oct;34(10):1034-41. 

92. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous 

thrombolytic therapy for acute myocardial infarction: a quantitative review of 23 

randomised trials. Lancet. 2003 Jan 4;361(9351):13-20. 

93. Buxton AE, Lee KL, Fisher JD, Josephson ME, Prystowsky EN, Hafley G. A 

randomized study of the prevention of sudden death in patients with coronary 



 

105 
 

artery disease. MulticenterUnsustained Tachycardia Trial Investigators. The New 

England Journal of Medicine. 1999 Dec 16;341(25):1882-90. 

94. Ackerman MJ, Priori SG, Willems S, Berul C, Brugada R, Calkins H, et al. 

HRS/EHRA expert consensus statement on the state of genetic testing for the 

channelopathies and cardiomyopathies this document was developed as a 

partnership between the Heart Rhythm Society (HRS) and the European Heart 

Rhythm Association (EHRA). Heart rhythm: the official journal of the Heart 

Rhythm Society. 2011 Aug;8(8):1308-39. 

95. The SOLVD Investigators. Effect of enalapril on mortality and the development of 

heart failure in asymptomatic patients with reduced left ventricular ejection 

fractions. The SOLVD Investigators. The New England Journal of Medicine. 1992 

Sep 3;327(10):685-91. 

96. Clinical outcome with enalapril in symptomatic chronic heart failure; a dose 

comparison. The NETWORK Investigators. European Heart Journal. 1998 

Mar;19(3):481-9. 

97. Packer M, Poole-Wilson PA, Armstrong PW, Cleland JG, Horowitz JD, Massie 

BM, et al. Comparative effects of low and high doses of the angiotensin-

converting enzyme inhibitor, lisinopril, on morbidity and mortality in chronic heart 

failure. ATLAS Study Group. Circulation. 1999 Dec 7;100(23):2312-8. 

98. Garg R, Yusuf S. Overview of randomized trials of angiotensin-converting enzyme 

inhibitors on mortality and morbidity in patients with heart failure. Collaborative 

Group on ACE Inhibitor Trials. JAMA: the Journal of the American Medical 

Association. 1995 May 10;273(18):1450-6. 

99. McMurray J, Cohen-Solal A, Dietz R, Eichhorn E, Erhardt L, Hobbs FD, et al. 

Practical recommendations for the use of ACE inhibitors, beta-blockers, 

aldosterone antagonists and angiotensin receptor blockers in heart failure: putting 

guidelines into practice. Eur J Heart Fail. 2005 Aug;7(5):710-21. 

100. The Task Force for the diagnosis and treatment of acute and chronic heart failure 

of the European Society of Cardiology (ESC). 2016 ESC Guidelines for the 

diagnosis and treatment of acute and chronic heart failure. Eur J Heart Fail. 2016 

May 20. 

101. Cohn JN, Tognoni G. A randomized trial of the angiotensin-receptor blocker 

valsartan in chronic heart failure. The New England Journal of Medicine. 2001 

Dec 6;345(23):1667-75. 

102. Maggioni AP, Anand I, Gottlieb SO, Latini R, Tognoni G, Cohn JN. Effects of 

valsartan on morbidity and mortality in patients with heart failure not receiving 

angiotensin-converting enzyme inhibitors. Journal of the American College of 

Cardiology. 2002 Oct 16;40(8):1414-21. 

103. Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL, Olofsson B, et al. 

Effects of candesartan in patients with chronic heart failure and reduced left-

ventricular systolic function intolerant to angiotensin-converting-enzyme 

inhibitors: the CHARM-Alternative trial. Lancet. 2003 Sep 6;362(9386):772-6. 



 

106 
 

104. Mazayev VP, Fomina IG, Kazakov EN, Sulimov VA, Zvereva TV, Lyusov VA, et 

al. Valsartan in heart failure patients previously untreated with an ACE inhibitor. 

International Journal of Cardiology. 1998 Aug;65(3):239-46. 

105. McKelvie RS, Yusuf S, Pericak D, Avezum A, Burns RJ, Probstfield J, et al. 

Comparison of candesartan, enalapril, and their combination in congestive heart 

failure: randomized evaluation of strategies for left ventricular dysfunction 

(RESOLVD) pilot study. The RESOLVD Pilot Study Investigators. Circulation. 

1999 Sep 7;100(10):1056-64. 

106. Sharma D, Buyse M, Pitt B, Rucinska EJ. Meta-analysis of observed mortality data 

from all-controlled, double-blind, multiple-dose studies of losartan in heart failure. 

Losartan Heart Failure Mortality Meta-analysis Study Group. The American 

Journal of Cardiology. 2000 Jan 15;85(2):187-92. 

107. Pfeffer MA, McMurray JJ, Velazquez EJ, Rouleau JL, Kober L, Maggioni AP, et 

al. Valsartan, captopril, or both in myocardial infarction complicated by heart 

failure, left ventricular dysfunction, or both. The New England Journal of 

Medicine. 2003 Nov 13;349(20):1893-906. 

108. Makani H, Messerli FH, Romero J, Wever-Pinzon O, Korniyenko A, Berrios RS, 

et al. Meta-analysis of randomized trials of angioedema as an adverse event of 

renin-angiotensin system inhibitors. The American Journal of Cardiology. 2012 

Aug 1;110(3):383-91. 

109. Cicardi M, Zingale LC, Bergamaschini L, Agostoni A. Angioedema associated 

with angiotensin-converting enzyme inhibitor use: outcome after switching to a 

different treatment. Archives of internal medicine. 2004 Apr 26;164(8):910-3. 

110. Warner KK, Visconti JA, Tschampel MM. Angiotensin II receptor blockers in 

patients with ACE inhibitor-induced angioedema. The Annals of pharmacotherapy. 

2000 Apr;34(4):526-8. 

111. Toh S, Reichman ME, Houstoun M, Ross Southworth M, Ding X, Hernandez AF, 

et al. Comparative risk for angioedema associated with the use of drugs that target 

the renin-angiotensin-aldosterone system. Archives of internal medicine. 2012 Nov 

12;172(20):1582-9. 

112. Baumhakel M, Bohm M. Cardiovascular outcomes with angiotensin II receptor 

blockers: clinical implications of recent trials. Vascular health and risk 

management. 2011;7:391-7. 

113. Willenheimer R. Angiotensin receptor blockers in heart failure after the ELITE II 

trial. Current controlled trials in cardiovascular medicine. 2000;1(2):79-82. 

114. Konstam MA, Neaton JD, Dickstein K, Drexler H, Komajda M, Martinez FA, et 

al. Effects of high-dose versus low-dose losartan on clinical outcomes in patients 

with heart failure (HEAAL study): a randomised, double-blind trial. Lancet. 2009 

Nov 28;374(9704):1840-8. 

115. The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a randomised trial. 

Lancet. 1999 Jan 2;353(9146):9-13. 



 

107 
 

116. Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL 

Randomised Intervention Trial in Congestive Heart Failure (MERIT-HF). Lancet. 

1999 Jun 12;353(9169):2001-7. 

117. Hjalmarson A, Goldstein S, Fagerberg B, Wedel H, Waagstein F, Kjekshus J, et al. 

Effects of controlled-release metoprolol on total mortality, hospitalizations, and 

well-being in patients with heart failure: the Metoprolol CR/XL Randomized 

Intervention Trial in congestive heart failure (MERIT-HF). MERIT-HF Study 

Group. JAMA: the Journal of the American Medical Association. 2000 Mar 

8;283(10):1295-302. 

118. Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, Gilbert EM, et al. The 

effect of carvedilol on morbidity and mortality in patients with chronic heart 

failure. U.S. Carvedilol Heart Failure Study Group. The New England Journal of 

Medicine. 1996 May 23;334(21):1349-55. 

119. Packer M, Coats AJ, Fowler MB, Katus HA, Krum H, Mohacsi P, et al. Effect of 

carvedilol on survival in severe chronic heart failure. The New England Journal of 

Medicine. 2001 May 31;344(22):1651-8. 

120. Packer M, Fowler MB, Roecker EB, Coats AJ, Katus HA, Krum H, et al. Effect of 

carvedilol on the morbidity of patients with severe chronic heart failure: results of 

the carvedilol prospective randomized cumulative survival (COPERNICUS) study. 

Circulation. 2002 Oct 22;106(17):2194-9. 

121. van Veldhuisen DJ, Cohen-Solal A, Bohm M, Anker SD, Babalis D, Roughton M, 

et al. Beta-blockade with nebivolol in elderly heart failure patients with impaired 

and preserved left ventricular ejection fraction: Data From SENIORS (Study of 

Effects of Nebivolol Intervention on Outcomes and Rehospitalization in Seniors 

With Heart Failure). Journal of the American College of Cardiology. 2009 Jun 

9;53(23):2150-8. 

122. Edes I, Gasior Z, Wita K. Effects of nebivolol on left ventricular function in 

elderly patients with chronic heart failure: results of the ENECA study. Eur J 

Heart Fail. 2005 Jun;7(4):631-9. 

123. Flather MD, Shibata MC, Coats AJ, Van Veldhuisen DJ, Parkhomenko A, Borbola 

J, et al. Randomized trial to determine the effect of nebivolol on mortality and 

cardiovascular hospital admission in elderly patients with heart failure 

(SENIORS). European Heart Journal. 2005 Feb;26(3):215-25. 

124. A trial of the beta-blocker bucindolol in patients with advanced chronic heart 

failure. The New England Journal of Medicine. 2001 May 31;344(22):1659-67. 

125. Poole-Wilson PA, Swedberg K, Cleland JG, Di Lenarda A, Hanrath P, Komajda 

M, et al. Comparison of carvedilol and metoprolol on clinical outcomes in patients 

with chronic heart failure in the Carvedilol Or Metoprolol European Trial 

(COMET): randomised controlled trial. Lancet. 2003 Jul 5;362(9377):7-13. 

126. Sliwa K, Norton GR, Kone N, Candy G, Kachope J, Woodiwiss AJ, et al. Impact 

of initiating carvedilol before angiotensin-converting enzyme inhibitor therapy on 



 

108 
 

cardiac function in newly diagnosed heart failure. Journal of the American College 

of Cardiology. 2004 Nov 2;44(9):1825-30. 

127. Willenheimer R, van Veldhuisen DJ, Silke B, Erdmann E, Follath F, Krum H, et 

al. Effect on survival and hospitalization of initiating treatment for chronic heart 

failure with bisoprolol followed by enalapril, as compared with the opposite 

sequence: results of the randomized Cardiac Insufficiency Bisoprolol Study 

(CIBIS) III. Circulation. 2005 Oct 18;112(16):2426-35. 

128. Krum H, Roecker EB, Mohacsi P, Rouleau JL, Tendera M, Coats AJ, et al. Effects 

of initiating carvedilol in patients with severe chronic heart failure: results from the 

COPERNICUS Study. JAMA: the Journal of the American Medical Association. 

2003 Feb 12;289(6):712-8. 

129. Gattis WA, O'Connor CM, Gallup DS, Hasselblad V, Gheorghiade M. 

Predischarge initiation of carvedilol in patients hospitalized for decompensated 

heart failure: results of the Initiation Management Predischarge: Process for 

Assessment of Carvedilol Therapy in Heart Failure (IMPACT-HF) trial. Journal of 

the American College of Cardiology. 2004 May 5;43(9):1534-41. 

130. Prins KW, Neill JM, Tyler JO, Eckman PM, Duval S. Effects of Beta-Blocker 

Withdrawal in Acute Decompensated Heart Failure: A Systematic Review and 

Meta-Analysis. JACC: Heart Failure. 2015 8//;3(8):647-53. 

131. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The effect of 

spironolactone on morbidity and mortality in patients with severe heart failure. 

Randomized Aldactone Evaluation Study Investigators. The New England Journal 

of Medicine. 1999 Sep 2;341(10):709-17. 

132. Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K, Shi H, et al. 

Eplerenone in patients with systolic heart failure and mild symptoms. The New 

England Journal of Medicine. 2011 Jan 6;364(1):11-21. 

133. Bapoje SR, Bahia A, Hokanson JE, Peterson PN, Heidenreich PA, Lindenfeld J, et 

al. Effects of mineralocorticoid receptor antagonists on the risk of sudden cardiac 

death in patients with left ventricular systolic dysfunction: a meta-analysis of 

randomized controlled trials. CirculationHeart failure. 2013 Mar;6(2):166-73. 

134. Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al. Eplerenone, a 

selective aldosterone blocker, in patients with left ventricular dysfunction after 

myocardial infarction. The New England Journal of Medicine. 2003 Apr 

3;348(14):1309-21. 

135. King JB, Bress AP, Reese AD, Munger MA. Neprilysin Inhibition in Heart Failure 

with Reduced Ejection Fraction: A Clinical Review. Pharmacotherapy: The 

Journal of Human Pharmacology and Drug Therapy. 2015;35(9):823-37. 

136. Mangiafico S, Costello-Boerrigter LC, Andersen IA, Cataliotti A, Burnett JC, Jr. 

Neutral endopeptidase inhibition and the natriuretic peptide system: an evolving 

strategy in cardiovascular therapeutics. European Heart Journal. 2013 

Mar;34(12):886-93c. 



 

109 
 

137. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al. 

Angiotensin-neprilysin inhibition versus enalapril in heart failure. The New 

England Journal of Medicine. 2014 Sep 11;371(11):993-1004. 

138. Packer M, Califf RM, Konstam MA, Krum H, McMurray JJ, Rouleau JL, et al. 

Comparison of omapatrilat and enalapril in patients with chronic heart failure: the 

Omapatrilat Versus Enalapril Randomized Trial of Utility in Reducing Events 

(OVERTURE). Circulation. 2002 Aug 20;106(8):920-6. 

139. Kostis JB, Packer M, Black HR, Schmieder R, Henry D, Levy E. Omapatrilat and 

enalapril in patients with hypertension: the Omapatrilat Cardiovascular Treatment 

vs. Enalapril (OCTAVE) trial. American journal of hypertension. 2004 

Feb;17(2):103-11. 

140. Packer M, McMurray JJV, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al. 

Angiotensin Receptor Neprilysin Inhibition Compared With Enalapril on the Risk 

of Clinical Progression in Surviving Patients With Heart Failure. Circulation. 2015 

January 6, 2015;131(1):54-61. 

141. Swedberg K, Komajda M, Bohm M, Borer JS, Ford I, Dubost-Brama A, et al. 

Ivabradine and outcomes in chronic heart failure (SHIFT): a randomised placebo-

controlled study. Lancet. 2010 Sep 11;376(9744):875-85. 

142. Cohn JN, Archibald DG, Ziesche S, Franciosa JA, Harston WE, Tristani FE, et al. 

Effect of vasodilator therapy on mortality in chronic congestive heart failure. 

Results of a Veterans Administration Cooperative Study. The New England 

Journal of Medicine. 1986 Jun 12;314(24):1547-52. 

143. Fonarow GC, Chelimsky-Fallick C, Stevenson LW, Luu M, Hamilton MA, 

Moriguchi JD, et al. Effect of direct vasodilation with hydralazine versus 

angiotensin-converting enzyme inhibition with captopril on mortality in advanced 

heart failure: the Hy-C trial. Journal of the American College of Cardiology. 1992 

Mar 15;19(4):842-50. 

144. Taylor AL, Ziesche S, Yancy C, Carson P, D'Agostino R, Jr., Ferdinand K, et al. 

Combination of isosorbide dinitrate and hydralazine in blacks with heart failure. 

The New England Journal of Medicine. 2004 Nov 11;351(20):2049-57. 

145. The effect of digoxin on mortality and morbidity in patients with heart failure. The 

New England Journal of Medicine. 1997 Feb 20;336(8):525-33. 

146. Comparative effects of therapy with captopril and digoxin in patients with mild to 

moderate heart failure. The Captopril-Digoxin Multicenter Research Group. 

JAMA: the Journal of the American Medical Association. 1988 Jan 22-

29;259(4):539-44. 

147. Gheorghiade M, Ferguson D. Digoxin. A neurohormonal modulator in heart 

failure? Circulation. 1991 Nov;84(5):2181-6. 

148. Guyatt GH, Sullivan MJ, Fallen EL, Tihal H, Rideout E, Halcrow S, et al. A 

controlled trial of digoxin in congestive heart failure. The American Journal of 

Cardiology. 1988 Feb 1;61(4):371-5. 



 

110 
 

149. DiBianco R, Shabetai R, Kostuk W, Moran J, Schlant RC, Wright R. A 

comparison of oral milrinone, digoxin, and their combination in the treatment of 

patients with chronic heart failure. The New England Journal of Medicine. 1989 

Mar 16;320(11):677-83. 

150. Uretsky BF, Young JB, Shahidi FE, Yellen LG, Harrison MC, Jolly MK. 

Randomized study assessing the effect of digoxin withdrawal in patients with mild 

to moderate chronic congestive heart failure: results of the PROVED trial. 

PROVED Investigative Group. Journal of the American College of Cardiology. 

1993 Oct;22(4):955-62. 

151. Khand AU, Rankin AC, Kaye GC, Cleland JG. Systematic review of the 

management of atrial fibrillation in patients with heart failure. European Heart 

Journal. 2000 Apr;21(8):614-32. 

152. Ahmed A, Rich MW, Love TE, Lloyd-Jones DM, Aban IB, Colucci WS, et al. 

Digoxin and reduction in mortality and hospitalization in heart failure: a 

comprehensive post hoc analysis of the DIG trial. European Heart Journal. 2006 

Jan;27(2):178-86. 

153. Packer M, Gheorghiade M, Young JB, Costantini PJ, Adams KF, Cody RJ, et al. 

Withdrawal of digoxin from patients with chronic heart failure treated with 

angiotensin-converting-enzyme inhibitors. RADIANCE Study. The New England 

Journal of Medicine. 1993 Jul 1;329(1):1-7. 

154. Fogelman AM, La Mont JT, Finkelstein S, Rado E, Pearce ML. Fallibility of 

plasma-digoxin in differentiating toxic from non-toxic patients. Lancet. 1971 Oct 

2;2(7727):727-9. 

155. Ingelfinger JA, Goldman P. The serum digitalis concentration--does it diagnose 

digitalis toxicity? The New England Journal of Medicine. 1976 Apr 

15;294(16):867-70. 

156. Brater DC. Diuretic Therapy. New England Journal of Medicine. 1998 

1998/08/06;339(6):387-95. 

157. Cody RJ, Kubo SH, Pickworth KK. Diuretic treatment for the sodium retention of 

congestive heart failure. Archives of internal medicine. 1994 Sep 12;154(17):1905-

14. 

158. Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats TG, et al. 

2009 focused update incorporated into the ACC/AHA 2005 Guidelines for the 

Diagnosis and Management of Heart Failure in Adults: a report of the American 

College of Cardiology Foundation/American Heart Association Task Force on 

Practice Guidelines: developed in collaboration with the International Society for 

Heart and Lung Transplantation. Circulation. 2009 Apr 14;119(14):e391-479. 

159. Kaddoura S, Patel D, Parameshwar J, Sparrow J, Park A, Bayliss J, et al. Objective 

assessment of the response to treatment of severe heart failure using a 9-minute 

walk test on a patient-powered treadmill. Journal of cardiac failure. 1996 

Jun;2(2):133-9. 



 

111 
 

160. Bayliss J, Norell M, Canepa-Anson R, Sutton G, Poole-Wilson P. Untreated heart 

failure: clinical and neuroendocrine effects of introducing diuretics. British Heart 

Journal. 1987 Jan;57(1):17-22. 

161. Cody RJ, Franklin KW, Laragh JH. Postural hypotension during tilt with chronic 

captopril and diuretic therapy of severe congestive heart failure. American Heart 

Journal. 1982 Apr;103(4 Pt 1):480-4. 

162. Massie B, Kramer B, Haughom F. Postural hypotension and tachycardia during 

hydralazine--isosorbide dinitrate therapy for chronic heart failure. Circulation. 

1981 Mar;63(3):658-64. 

163. Packer M, Lee WH, Medina N, Yushak M, Kessler PD. Functional renal 

insufficiency during long-term therapy with captopril and enalapril in severe 

chronic heart failure. Annals of internal medicine. 1987 Mar;106(3):346-54. 

164. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Jr., Drazner MH, et al. 2013 

ACCF/AHA guideline for the management of heart failure: a report of the 

American College of Cardiology Foundation/American Heart Association Task 

Force on Practice Guidelines. Journal of the American College of Cardiology. 

2013 Oct 15;62(16):e147-239. 

165. Butman SM, Ewy GA, Standen JR, Kern KB, Hahn E. Bedside cardiovascular 

examination in patients with severe chronic heart failure: importance of rest or 

inducible jugular venous distension. Journal of the American College of 

Cardiology. 1993 Oct;22(4):968-74. 

166. Drazner MH, Hellkamp AS, Leier CV, Shah MR, Miller LW, Russell SD, et al. 

Value of clinician assessment of hemodynamics in advanced heart failure: the 

ESCAPE trial. CirculationHeart failure. 2008 Sep;1(3):170-7. 

167. Drazner MH, Rame JE, Stevenson LW, Dries DL. Prognostic importance of 

elevated jugular venous pressure and a third heart sound in patients with heart 

failure. The New England Journal of Medicine. 2001 Aug 23;345(8):574-81. 

168. Herchuelz A, Derenne F, Deger F, Juvent M, Van Ganse E, Staroukine M, et al. 

Interaction between nonsteroidal anti-inflammatory drugs and loop diuretics: 

modulation by sodium balance. The Journal of pharmacology and experimental 

therapeutics. 1989 Mar;248(3):1175-81. 

169. Brater DC, Harris C, Redfern JS, Gertz BJ. Renal effects of COX-2-selective 

inhibitors. American journal of nephrology. 2001 Jan-Feb;21(1):1-15. 

170. Risler T, Schwab A, Kramer B, Braun N, Erley C. Comparative pharmacokinetics 

and pharmacodynamics of loop diuretics in renal failure. Cardiology. 1994;84 

Suppl 2:155-61. 

171. Oster JR, Epstein M, Smoller S. Combined therapy with thiazide-type and loop 

diuretic agents for resistant sodium retention. Annals of internal medicine. 1983 

Sep;99(3):405-6. 

172. Epstein M LB, Hoffman DS, Levinson R. Potentiation of furosemide by 

metolazone in refractory edema. CurrTher Res. 1977;21:656-67. 



 

112 
 

173. Dormans TP, van Meyel JJ, Gerlag PG, Tan Y, Russel FG, Smits P. Diuretic 

efficacy of high dose furosemide in severe heart failure: bolus injection versus 

continuous infusion. Journal of the American College of Cardiology. 1996 

Aug;28(2):376-82. 

174. Steiness E, Olesen KH. Cardiac arrhythmias induced by hypokalaemia and 

potassium loss during maintenance digoxin therapy. British Heart Journal. 1976 

Feb;38(2):167-72. 

175. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al. 

Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J 

Med. 2015. 373(22):2117-28. 

176. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al. 

Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl J Med 

2017; 377:644-657. 

177. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. 

Dapagliflozin and cardiovascular outcomes in type 2 diabetes DECLARE–TIMI 

58. N Engl J Med .2019; 380:347-357. 

178. McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez 

FA, et al. Dapagliflozin in patients with heart failure and reduced ejection fraction. 

N Engl J Med. 2019. doi: 10.1056/NEJMoa1911303. 

179. Butler J, Packer M, Filippatos G, Zannad F, Salsali A, Kimura K, et al. Design and 

rationale of the EMPagliflozin outcomE tRial in patients with chrOnic heaRt 

failure (EMPEROR-Preserved). Eur J Heart Fail. 2018;20 (7):232. 

180. Tavazzi L, Maggioni AP, Marchioli R, Barlera S, Franzosi MG, Latini R, et al. 

Effect of n-3 polyunsaturated fatty acids in patients with chronic heart failure (the 

GISSI-HF trial): a randomised, double-blind, placebo-controlled trial. Lancet. 

2008 Oct 4;372(9645):1223-30. 

181. Gruppo Italiano per lo Studio dellaSopravvivenzanell'Infartomiocardico. Dietary 

supplementation with n-3 polyunsaturated fatty acids and vitamin E after 

myocardial infarction: results of the GISSI-Prevenzione trial. Lancet. 1999 Aug 

7;354(9177):447-55. 

182. Lavie CJ, Milani RV, Mehra MR, Ventura HO. Omega-3 polyunsaturated fatty 

acids and cardiovascular diseases. Journal of the American College of Cardiology. 

2009 Aug 11;54(7):585-94. 

183. Reiner Z, Catapano AL, De Backer G, Graham I, Taskinen MR, Wiklund O, et al. 

ESC/EAS Guidelines for the management of dyslipidaemias: the Task Force for 

the management of dyslipidaemias of the European Society of Cardiology (ESC) 

and the European Atherosclerosis Society (EAS). European Heart Journal. 2011 

Jul;32(14):1769-818. 

184. Kjekshus J, Apetrei E, Barrios V, Bohm M, Cleland JG, Cornel JH, et al. 

Rosuvastatin in older patients with systolic heart failure. The New England Journal 

of Medicine. 2007 Nov 29;357(22):2248-61. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zinman%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26378978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wanner%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26378978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lachin%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=26378978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fitchett%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26378978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bluhmki%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26378978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hantel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26378978
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Zeeuw%20D%5BAuthor%5D&cauthor=true&cauthor_uid=28605608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fulcher%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28605608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erondu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28605608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiviott%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=30415602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raz%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30415602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaca%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=30415602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mosenzon%20O%5BAuthor%5D&cauthor=true&cauthor_uid=30415602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kato%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=30415602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cahn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30415602
https://www.ncbi.nlm.nih.gov/pubmed/?term=McMurray%20JJV%5BAuthor%5D&cauthor=true&cauthor_uid=31535829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Solomon%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=31535829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inzucchi%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=31535829
https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B8ber%20L%5BAuthor%5D&cauthor=true&cauthor_uid=31535829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kosiborod%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=31535829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=31535829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=31535829
https://www.ncbi.nlm.nih.gov/pubmed/31535829


 

113 
 

185. Tavazzi L, Maggioni AP, Marchioli R, Barlera S, Franzosi MG, Latini R, et al. 

Effect of rosuvastatin in patients with chronic heart failure (the GISSI-HF trial): a 

randomised, double-blind, placebo-controlled trial. Lancet. 2008 Oct 

4;372(9645):1231-9. 

186. Cairns JA, Connolly S, McMurtry S, Stephenson M, Talajic M. Canadian 

Cardiovascular Society Atrial Fibrillation Guidelines 2010: Prevention of Stroke 

and Systemic Thromboembolism in Atrial Fibrillation and Flutter. Canadian 

Journal of Cardiology. 2011 1//;27(1):74-90. 

187. Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S, et al. Guidelines 

for the management of atrial fibrillation: the Task Force for the Management of 

Atrial Fibrillation of the European Society of Cardiology (ESC). European Heart 

Journal. 2010 Oct;31(19):2369-429. 

188. Homma S, Thompson JL, Pullicino PM, Levin B, Freudenberger RS, Teerlink JR, 

et al. Warfarin and aspirin in patients with heart failure and sinus rhythm. The New 

England Journal of Medicine. 2012 May 17;366(20):1859-69. 

189. Krum H, Massie B, Abraham WT, Dickstein K, Kober L, McMurray JJ, et al. 

Direct renin inhibition in addition to or as an alternative to angiotensin converting 

enzyme inhibition in patients with chronic systolic heart failure: rationale and 

design of the Aliskiren Trial to Minimize OutcomeS in Patients with HEartfailuRE 

(ATMOSPHERE) study. Eur J Heart Fail. 2011 Jan;13(1):107-14. 

190. Maggioni AP, Greene SJ, Fonarow GC, Bohm M, Zannad F, Solomon SD, et al. 

Effect of aliskiren on post-discharge outcomes among diabetic and non-diabetic 

patients hospitalized for heart failure: insights from the ASTRONAUT trial. 

European Heart Journal. 2013 Oct;34(40):3117-27. 

191. McMurray JJ, Pitt B, Latini R, Maggioni AP, Solomon SD, Keefe DL, et al. 

Effects of the oral direct renin inhibitor aliskiren in patients with symptomatic 

heart failure. CirculationHeart failure. 2008 May;1(1):17-24. 

192. Gheorghiade M, Böhm M, Greene SJ, Fonarow GC, Lewis EF, Zannad F, et al. 

ASTRONAUT Investigators and Coordinators. Effect of aliskiren on postdischarge 

mortality and heart failure readmissions among patients hospitalized for heart 

failure: The ASTRONAUT randomized trial. JAMA. 2013;309(11):1125-1135.  

193. McMurray JJ, Krum H, Abraham WT, Dickstein K, Køber LV, Desai AS, et al. 

ATMOSPHERE Committees Investigators. Aliskiren, enalapril, or aliskiren and 

enalapril in heart failure. N Engl J Med. 2016;374(16):1521-1532. 

194. McMurray JJ, Abraham WT, Dickstein K, Kober L, Massie BM, Krum H. 

Aliskiren, ALTITUDE, and the implications for ATMOSPHERE. Eur J Heart 

Fail. 2012 Apr;14(4):341-3. 

195. Evans JM, Doney AS, AlZadjali MA, Ogston SA, Petrie JR, Morris AD, et al. 

Effect of Metformin on mortality in patients with heart failure and type 2 diabetes 

mellitus. The American Journal of Cardiology. 2010 Oct 1;106(7):1006-10. 



 

114 
 

196. Komajda M, McMurray JJ, Beck-Nielsen H, Gomis R, Hanefeld M, Pocock SJ, et 

al. Heart failure events with rosiglitazone in type 2 diabetes: data from the 

RECORD clinical trial. European Heart Journal. 2010 Apr;31(7):824-31. 

197. Hernandez AV, Usmani A, RaJAMAnickam A, Moheet A. Thiazolidinediones and 

risk of heart failure in patients with or at high risk of type 2 diabetes mellitus: a 

meta-analysis and meta-regression analysis of placebo-controlled randomized 

clinical trials. American journal of cardiovascular drugs: drugs, devices, and other 

interventions. 2011;11(2):115-28. 

198. Erdmann E, Charbonnel B, Wilcox RG, Skene AM, Massi-Benedetti M, Yates J, et 

al. Pioglitazone use and heart failure in patients with type 2 diabetes and 

preexisting cardiovascular disease: data from the PROactive study (PROactive 08). 

Diabetes Care. 2007 Nov;30(11):2773-8. 

199. Mamdani M, Juurlink DN, Lee DS, Rochon PA, Kopp A, Naglie G, et al. Cyclo-

oxygenase-2 inhibitors versus non-selective non-steroidal anti-inflammatory drugs 

and congestive heart failure outcomes in elderly patients: a population-based 

cohort study. Lancet. 2004 May 29;363(9423):1751-6. 

200. Huerta C, Varas-Lorenzo C, Castellsague J, Garcia Rodriguez LA. Non-steroidal 

anti-inflammatory drugs and risk of first hospital admission for heart failure in the 

general population. Heart (British Cardiac Society). 2006 Nov;92(11):1610-5. 

201. Gislason GH, Rasmussen JN, Abildstrom SZ, Schramm TK, Hansen ML, Fosbol 

EL, et al. Increased mortality and cardiovascular morbidity associated with use of 

nonsteroidal anti-inflammatory drugs in chronic heart failure. Archives of internal 

medicine. 2009 Jan 26;169(2):141-9. 

202. Goldstein RE, Boccuzzi SJ, Cruess D, Nattel S. Diltiazem increases late-onset 

congestive heart failure in postinfarction patients with early reduction in ejection 

fraction. The Adverse Experience Committee; and the Multicenter Diltiazem 

Postinfarction Research Group. Circulation. 1991 Jan;83(1):52-60. 

203. Hofman-Bang C, Rehnqvist N, Swedberg K, Wiklund I, Astrom H. Coenzyme 

Q10 as an adjunctive in the treatment of chronic congestive heart failure. The Q10 

Study Group. Journal of cardiac failure. 1995 Mar;1(2):101-7. 

204. Watson PS, Scalia GM, Galbraith A, Burstow DJ, Bett N, Aroney CN. Lack of 

effect of coenzyme Q on left ventricular function in patients with congestive heart 

failure. Journal of the American College of Cardiology. 1999 May;33(6):1549-52. 

205. Miller KL, Liebowitz RS, Newby LK. Complementary and alternative medicine in 

cardiovascular disease: a review of biologically based approaches. American Heart 

Journal. 2004 Mar;147(3):401-11. 

206. Soukoulis V, Dihu JB, Sole M, Anker SD, Cleland J, Fonarow GC, et al. 

Micronutrient deficiencies an unmet need in heart failure. Journal of the American 

College of Cardiology. 2009 Oct 27;54(18):1660-73. 

207. Doval HC, Nul DR, Grancelli HO, Perrone SV, Bortman GR, Curiel R. 

Randomised trial of low-dose amiodarone in severe congestive heart failure. Grupo 



 

115 
 

de Estudio de la Sobrevidaen la InsuficienciaCardiacaen Argentina (GESICA). 

Lancet. 1994 Aug 20;344(8921):493-8. 

208. Singh SN, Fletcher RD, Fisher SG, Singh BN, Lewis HD, Deedwania PC, et al. 

Amiodarone in patients with congestive heart failure and asymptomatic ventricular 

arrhythmia. Survival Trial of Antiarrhythmic Therapy in Congestive Heart Failure. 

The New England Journal of Medicine. 1995 Jul 13;333(2):77-82. 

209. Kober L, Bloch Thomsen PE, Moller M, Torp-Pedersen C, Carlsen J, Sandoe E, et 

al. Effect of dofetilide in patients with recent myocardial infarction and left-

ventricular dysfunction: a randomised trial. Lancet. 2000 Dec 16;356(9247):2052-

8. 

210. Torp-Pedersen C, Moller M, Bloch-Thomsen PE, Kober L, Sandoe E, Egstrup K, 

et al. Dofetilide in patients with congestive heart failure and left ventricular 

dysfunction. Danish Investigations of Arrhythmia and Mortality on Dofetilide 

Study Group. The New England Journal of Medicine. 1999 Sep 16;341(12):857-

65. 

211. Chien AJ, Rugo HS. The cardiac safety of trastuzumab in the treatment of breast 

cancer. Expert opinion on drug safety. 2010 Mar;9(2):335-46. 

212. Krum H, Jelinek MV, Stewart S, Sindone A, Atherton JJ. 2011 update to National 

Heart Foundation of Australia and Cardiac Society of Australia and New Zealand 

Guidelines for the prevention, detection and management of chronic heart failure 

in Australia, 2006. The Medical journal of Australia. 2011 Apr 18;194(8):405-9. 

213. Garcia-Alvarez A, Garcia-Albeniz X, Esteve J, Rovira M, Bosch X. Cardiotoxicity 

of tyrosine-kinase-targeting drugs. Cardiovascular &hematological agents in 

medicinal chemistry. 2010 Jan;8(1):11-21. 

214. Moss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL, Klein H, et al. Improved 

survival with an implanted defibrillator in patients with coronary disease at high 

risk for ventricular arrhythmia. Multicenter Automatic Defibrillator Implantation 

Trial Investigators. The New England Journal of Medicine. 1996 Dec 

26;335(26):1933-40. 

215. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, et al. Amiodarone 

or an implantable cardioverter-defibrillator for congestive heart failure. The New 

England Journal of Medicine. 2005 Jan 20;352(3):225-37. 

216.  Epstein AE, DiMarco JP, Ellenbogen KA, Estes NA 3rd, Freedman RA, Gettes 

LS, et al. 2012 ACCF/AHA/HRS focused update incorporated into the 

ACCF/AHA/HRS 2008 guidelines for device-based therapy of cardiac rhythm 

abnormalities: A report of the American College of Cardiology 

Foundation/American Heart Association Task Force on Practice Guidelines and 

the Heart Rhythm Society. J Am Coll Cardiol. 2013;61(3):e6-75. 

217. Santangeli P, Di Biase L, Pelargonio G, Dello Russo A, Casella M, Bartoletti S, et 

al. Cardiac resynchronization therapy in patients with mild heart failure: a 

systematic review and meta-analysis. Journal of interventional cardiac 



 

116 
 

electrophysiology: an international journal of arrhythmias and pacing. 2011 

Nov;32(2):125-35. 

218. Velazquez EJ, Lee KL, Deja MA, Jain A, Sopko G, Marchenko A, et al. Coronary-

Artery Bypass Surgery in Patients with Left Ventricular Dysfunction. New 

England Journal of Medicine. 2011;364(17):1607-16. 

219. Pron G, Health Quality O. Coronary revascularization in ischemic heart failure 

patients a rapid review. 2013 [cited. Available from: 

http://site.ebrary.com/lib/celtitles/docDetail.action?docID=10666658 

220. Kunadian V, Zaman A, Qiu W. Revascularization among patients with severe left 

ventricular dysfunction: a meta-analysis of observational studies. Eur J Heart Fail. 

2011 Jul;13(7):773-84. 

221. Allman KC, Shaw LJ, Hachamovitch R, Udelson JE. Myocardial viability testing 

and impact of revascularization on prognosis in patients with coronary artery 

disease and left ventricular dysfunction: a meta-analysis. Journal of the American 

College of Cardiology. 2002 Apr 3;39(7):1151-8. 

222. Hausmann H, Topp H, Siniawski H, Holz S, Hetzer R. Decision-making in end-

stage coronary artery disease: revascularization or heart transplantation? The 

Annals of thoracic surgery. 1997 Nov;64(5):1296-301; discussion 302. 

223. Flameng WJ, Shivalkar B, Spiessens B, Maes A, Nuyts J, VanHaecke J, et al. PET 

scan predicts recovery of left ventricular function after coronary artery bypass 

operation. The Annals of thoracic surgery. 1997 Dec;64(6):1694-701. 

224. Jones RH, Velazquez EJ, Michler RE, Sopko G, Oh JK, O'Connor CM, et al. 

Coronary bypass surgery with or without surgical ventricular reconstruction. The 

New England Journal of Medicine. 2009 Apr 23;360(17):1705-17. 

225. Erbasan O, Turkay C, Mete A, Turkay M, Golbasi I, Yilmaz H, et al. Surgical 

treatment of left ventricular aneurysms: a comparison of long-term follow-up of 

left ventricular function for classic aneurysmectomy and endoaneurysmorrhaphy 

techniques. The heart surgery forum. 2009 Oct;12(5):E272-8. 

226. Louagie Y, Alouini T, Lesperance J, Pelletier LC. Left ventricular aneurysm with 

predominating congestive heart failure. A comparative study of medical and 

surgical treatment. The Journal of thoracic and cardiovascular surgery. 1987 

Oct;94(4):571-81. 

227. Bach DS, Bolling SF. Improvement following correction of secondary mitral 

regurgitation in end-stage cardiomyopathy with mitral annuloplasty. The American 

Journal of Cardiology. 1996 Oct 15;78(8):966-9. 

228. Acker MA. Should moderate or greater mitral regurgitation be repaired in all 

patients with LVEF <30%? Mitral valve repair in patients with advanced heart 

failure and severe functional mitral insufficiency reverses left ventricular 

remodeling and improves symptoms. CirculationHeart failure. 2008 

Nov;1(4):281-4. 

229. Pereira JJ, Lauer MS, Bashir M, Afridi I, Blackstone EH, Stewart WJ, et al. 

Survival after aortic valve replacement for severe aortic stenosis with low 

http://site.ebrary.com/lib/celtitles/docDetail.action?docID=10666658


 

117 
 

transvalvular gradients and severe left ventricular dysfunction. Journal of the 

American College of Cardiology. 2002 Apr 17;39(8):1356-63. 

230. Freeman RV, Otto CM. Spectrum of calcific aortic valve disease: pathogenesis, 

disease progression, and treatment strategies. Circulation. 2005 Jun 

21;111(24):3316-26. 

231. Tarantini G, Buja P, Scognamiglio R, Razzolini R, Gerosa G, Isabella G, et al. 

Aortic valve replacement in severe aortic stenosis with left ventricular dysfunction: 

determinants of cardiac mortality and ventricular function recovery. European 

journal of cardio-thoracic surgery: official journal of the European Association 

for Cardio-thoracic Surgery. 2003 Dec;24(6):879-85. 

232. Grocott-Mason RM, Lund O, Elwidaa H, Mazhar R, Chandrasakeran V, Mitchell 

AG, et al. Long-term results after aortic valve replacement in patients with 

congestive heart failure. Homografts vs prosthetic valves. European Heart 

Journal. 2000 Oct;21(20):1698-707. 

233. Verheul HA, van den Brink RB, Bouma BJ, Hoedemaker G, Moulijn AC, Dekker 

E, et al. Analysis of risk factors for excess mortality after aortic valve replacement. 

Journal of the American College of Cardiology. 1995 Nov 1;26(5):1280-6. 

234. Carabello BA, Green LH, Grossman W, Cohn LH, Koster JK, Collins JJ, Jr. 

Hemodynamic determinants of prognosis of aortic valve replacement in critical 

aortic stenosis and advanced congestive heart failure. Circulation. 1980 

Jul;62(1):42-8. 

235. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, et al. 

Transcatheter versus surgical aortic-valve replacement in high-risk patients. The 

New England Journal of Medicine. 2011 Jun 9;364(23):2187-98. 

236. Stehlik J, Edwards LB, Kucheryavaya AY, Benden C, Christie JD, Dipchand AI, 

et al. The Registry of the International Society for Heart and Lung Transplantation: 

29th official adult heart transplant report--2012. The Journal of heart and lung 

transplantation: the official publication of the International Society for Heart 

Transplantation. 2012 Oct;31(10):1052-64. 

237. Slaughter MS, Pagani FD, McGee EC, Birks EJ, Cotts WG, Gregoric I, et al. 

HeartWare ventricular assist system for bridge to transplant: combined results of 

the bridge to transplant and continued access protocol trial. The Journal of heart 

and lung transplantation: the official publication of the International Society for 

Heart Transplantation. 2013 Jul;32(7):675-83. 

238. Miller LW, Pagani FD, Russell SD, John R, Boyle AJ, Aaronson KD, et al. Use of 

a continuous-flow device in patients awaiting heart transplantation. The New 

England Journal of Medicine. 2007 Aug 30;357(9):885-96. 

239. Rose EA, Gelijns AC, Moskowitz AJ, Heitjan DF, Stevenson LW, Dembitsky W, 

et al. Long-term use of a left ventricular assist device for end-stage heart failure. 

The New England Journal of Medicine. 2001 Nov 15;345(20):1435-43. 



 

118 
 

240. Slaughter MS, Rogers JG, Milano CA, Russell SD, Conte JV, Feldman D, et al. 

Advanced heart failure treated with continuous-flow left ventricular assist device. 

The New England Journal of Medicine. 2009 Dec 3;361(23):2241-51. 

241. Russell SD, Miller LW, Pagani FD. Advanced heart failure: a call to action. 

Congestive heart failure (Greenwich, Conn). 2008 Nov-Dec;14(6):316-21. 

242. Hsu PS, Chen JL, Hong GJ, Tsai YT, Lin CY, Lee CY, et al. Extracorporeal 

membrane oxygenation for refractory cardiogenic shock after cardiac surgery: 

predictors of early mortality and outcome from 51 adult patients. European journal 

of cardio-thoracic surgery: official journal of the European Association for 

Cardio-thoracic Surgery. 2010 Feb;37(2):328-33. 

243. Pagani FD, Lynch W, Swaniker F, Dyke DB, Bartlett R, Koelling T, et al. 

Extracorporeal life support to left ventricular assist device bridge to heart 

transplant: A strategy to optimize survival and resource utilization. Circulation. 

1999 Nov 9;100(19 Suppl):Ii206-10. 

244. Sakamoto S, Taniguchi N, Nakajima S, Takahashi A. Extracorporeal life support 

for cardiogenic shock or cardiac arrest due to acute coronary syndrome. The 

Annals of thoracic surgery. 2012 Jul;94(1):1-7. 

245. Bermudez CA, Rocha RV, Toyoda Y, Zaldonis D, Sappington PL, Mulukutla S, et 

al. Extracorporeal membrane oxygenation for advanced refractory shock in acute 

and chronic cardiomyopathy. The Annals of thoracic surgery. 2011 

Dec;92(6):2125-31. 

246. Costanzo MR, Mills RM, Wynne J. Characteristics of "Stage D" heart failure: 

insights from the Acute Decompensated Heart Failure National Registry 

Longitudinal Module (ADHERE LM). American Heart Journal. 2008 

Feb;155(2):339-47. 

247. World Health Organisation. WHO Definition of palliative care. [cited 2015. 

Available from: http://www.who.int/cancer/palliative/definition/en/ 

248. Nordgren L, Sorensen S. Symptoms experienced in the last six months of life in 

patients with end-stage heart failure. European journal of cardiovascular nursing: 

journal of the Working Group on Cardiovascular Nursing of the European Society 

of Cardiology. 2003 Sep;2(3):213-7. 

249. Paterna S, Gaspare P, Fasullo S, Sarullo FM, Di Pasquale P. Normal-sodium diet 

compared with low-sodium diet in compensated congestive heart failure: is sodium 

an old enemy or a new friend? Clinical science (London, England: 1979). 2008 

Feb;114(3):221-30. 

250. Jennings AL, Davies AN, Higgins JP, Gibbs JS, Broadley KE. A systematic 

review of the use of opioids in the management of dyspnoea. Thorax. 2002 

Nov;57(11):939-44. 

251. Abernethy AP, Currow DC, Frith P, Fazekas BS, McHugh A, Bui C. Randomised, 

double blind, placebo controlled crossover trial of sustained release morphine for 

the management of refractory dyspnoea. BMJ (Clinical research ed). 2003 Sep 

6;327(7414):523-8. 

http://www.who.int/cancer/palliative/definition/en/


 

119 
 

252. Qaseem A, Snow V, Shekelle P, Casey JDE, Cross JJT, Owens DK. Evidence-

Based Interventions to Improve the Palliative Care of Pain, Dyspnea, and 

Depression at the End of Life: A Clinical Practice Guideline from the American 

College of Physicians. Annals of internal medicine. 2008;148(2):141-6. 

253. Antman EM, Bennett JS, Daugherty A, Furberg C, Roberts H, Taubert KA. Use of 

nonsteroidal antiinflammatory drugs: an update for clinicians: a scientific 

statement from the American Heart Association. Circulation. 2007 Mar 

27;115(12):1634-42. 

254. Koenig HG. Physician attitudes toward treatment of depression in older medical 

inpatients. Aging & mental health. 2007 Mar;11(2):197-204. 

255. Faris R, Purcell H, Henein MY, Coats AJ. Clinical depression is common and 

significantly associated with reduced survival in patients with non-ischaemic heart 

failure. Eur J Heart Fail. 2002 Aug;4(4):541-51. 

256. Lane DA, Chong AY, Lip GY. Psychological interventions for depression in heart 

failure. The Cochrane Database of Systematic Reviews. 2005(1):Cd003329. 

257. Rutledge T, Reis VA, Linke SE, Greenberg BH, Mills PJ. Depression in heart 

failure a meta-analytic review of prevalence, intervention effects, and associations 

with clinical outcomes. Journal of the American College of Cardiology. 2006 Oct 

17;48(8):1527-37. 

258. McCarthy M, Hall JA, Ley M. Communication and choice in dying from heart 

disease. Journal of the Royal Society of Medicine. 1997 Mar;90(3):128-31. 

259. Sindone AP, Keogh AM, Macdonald PS, McCosker CJ, Kaan AF. Continuous 

home ambulatory intravenous inotropic drug therapy in severe heart failure: safety 

and cost efficacy. American Heart Journal. 1997 Nov;134(5 Pt 1):889-900. 

260. Ward C. The need for palliative care in the management of heart failure. Heart 

(British Cardiac Society). 2002 Mar;87(3):294-8. 

261. Murray SA, Boyd K, Kendall M, Worth A, Benton TF, Clausen H. Dying of lung 

cancer or cardiac failure: prospective qualitative interview study of patients and 

their carers in the community. BMJ (Clinical research ed). 2002 Oct 

26;325(7370):929. 

262. Goldstein NE, Lampert R, Bradley E, Lynn J, Krumholz HM. Management of 

implantable cardioverter defibrillators in end-of-life care. Annals of internal 

medicine. 2004 Dec 7;141(11):835-8. 

263. Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappenberger L, et al. 

The effect of cardiac resynchronization on morbidity and mortality in heart failure. 

The New England Journal of Medicine. 2005 Apr 14;352(15):1539-49. 

264. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco T, et al. 

Cardiac-resynchronization therapy with or without an implantable defibrillator in 

advanced chronic heart failure. The New England Journal of Medicine. 2004 May 

20;350(21):2140-50. 

 



 

120 
 

265. Felker GM, Lee KL, Bull DA, Redfield MM, Stevenson LW, Goldsmith SR, et al. 

Diuretic strategies in patients with acute decompensated heart failure. The New 

England Journal of Medicine. 2011 Mar 3;364(9):797-805. 

266. Rosenberg J, Gustafsson F, Galatius S, Hildebrandt PR. Combination therapy with 

metolazone and loop diuretics in outpatients with refractory heart failure: an 

observational study and review of the literature. Cardiovascular drugs and therapy 

/ sponsored by the International Society of Cardiovascular Pharmacotherapy. 

2005 Aug;19(4):301-6. 

267. Channer KS, McLean KA, Lawson-Matthew P, Richardson M. Combination 

diuretic treatment in severe heart failure: a randomised controlled trial. British 

Heart Journal. 1994 Feb;71(2):146-50. 

268. Stevenson LW CW. Management of patients hospitalized with heart failure. In: 

Smith TW, ed. Cardiovascular Therapeutics: A Companion to Braunwald's Heart 

Disease. Philadelphia: WB Saunders 1996:199-209. 

269. Leier CV, Bambach D, Thompson MJ, Cattaneo SM, Goldberg RJ, Unverferth 

DV. Central and regional hemodynamic effects of intravenous isosorbide dinitrate, 

nitroglycerin and nitroprusside in patients with congestive heart failure. American 

Journal of Cardiology. 1981;48(6):1115-23. 

270. Cotter G, Metzkor E, Kaluski E, Faigenberg Z, Miller R, Simovitz A, et al. 

Randomised trial of high-dose isosorbide dinitrate plus low-dose furosemide 

versus high-dose furosemide plus low-dose isosorbide dinitrate in severe 

pulmonary oedema. Lancet. 1998 Feb 7;351(9100):389-93. 

271. Anderson JL. Hemodynamic and clinical benefits with intravenous milrinone in 

severe chronic heart failure: results of a multicenter study in the United States. 

American Heart Journal. 1991 Jun;121(6 Pt 2):1956-64. 

272. Follath F, Cleland JG, Just H, Papp JG, Scholz H, Peuhkurinen K, et al. Efficacy 

and safety of intravenous levosimendan compared with dobutamine in severe low-

output heart failure (the LIDO study): a randomised double-blind trial. Lancet. 

2002 Jul 20;360(9328):196-202. 

273. Moiseyev VS, Poder P, Andrejevs N, Ruda MY, Golikov AP, Lazebnik LB, et al. 

Safety and efficacy of a novel calcium sensitizer, levosimendan, in patients with 

left ventricular failure due to an acute myocardial infarction. A randomized, 

placebo-controlled, double-blind study (RUSSLAN). European Heart Journal. 

2002 Sep;23(18):1422-32. 

274. Mebazaa A, Nieminen MS, Packer M, Cohen-Solal A, Kleber FX, Pocock SJ, et 

al. Levosimendan vs dobutamine for patients with acute decompensated heart 

failure: the SURVIVE Randomized Trial. JAMA: the Journal of the American 

Medical Association. 2007 May 2;297(17):1883-91. 

275. Packer M, Colucci W, Fisher L, Massie BM, Teerlink JR, Young J, et al. Effect of 

levosimendan on the short-term clinical course of patients with acutely 

decompensated heart failure. JACC Heart failure. 2013 Apr;1(2):103-11. 



 

121 
 

276. Ng TM, Tsai F, Khatri N, Barakat MN, Elkayam U. Venous thromboembolism in 

hospitalized patients with heart failure: Incidence, prognosis, and prevention. Circ 

Heart Fail. 2010 Jan;3(1):165-73. 

277. Alikhan R, Cohen AT, Combe S, Samama MM, Desjardins L, Eldor A, et al. 

Prevention of venous thromboembolism in medical patients with enoxaparin: a 

subgroup analysis of the MEDENOX study. Blood coagulation &fibrinolysis: an 

international journal in haemostasis and thrombosis. 2003 Jun;14(4):341-6. 

278. Kleber FX, Witt C, Vogel G, Koppenhagen K, Schomaker U, Flosbach CW. 

Randomized comparison of enoxaparin with unfractionated heparin for the 

prevention of venous thromboembolism in medical patients with heart failure or 

severe respiratory disease. American Heart Journal. 2003 Apr;145(4):614-21. 

279. Tebbe U, Schellong SM, Haas S, Gerlach HE, Abletshauser C, Sieder C, et al. 

Certoparin versus unfractionated heparin to prevent venous thromboembolic 

events in patients hospitalized because of heart failure: a subgroup analysis of the 

randomized, controlled CERTIFY study. American Heart Journal. 2011 

Feb;161(2):322-8. 

280. Park JH, Balmain S, Berry C, Morton JJ, McMurray JJ. Potentially detrimental 

cardiovascular effects of oxygen in patients with chronic left ventricular systolic 

dysfunction. Heart (British Cardiac Society). 2010 Apr;96(7):533-8. 

281. Masip J, Betbese AJ, Paez J, Vecilla F, Canizares R, Padro J, et al. Non-invasive 

pressure support ventilation versus conventional oxygen therapy in acute 

cardiogenic pulmonary oedema: a randomised trial. Lancet. 2000 Dec 23-

30;356(9248):2126-32. 

282. Mehta S, Jay GD, Woolard RH, Hipona RA, Connolly EM, Cimini DM, et al. 

Randomized, prospective trial of bilevel versus continuous positive airway 

pressure in acute pulmonary edema. Critical care medicine. 1997 Apr;25(4):620-8. 

283. Costanzo MR, Saltzberg MT, Jessup M, Teerlink JR, Sobotka PA. Ultrafiltration is 

associated with fewer rehospitalizations than continuous diuretic infusion in 

patients with decompensated heart failure: results from UNLOAD. Journal of 

cardiac failure. 2010 Apr;16(4):277-84. 

284. Waksman R, Weiss AT, Gotsman MS, Hasin Y. Intra-aortic balloon 

counterpulsation improves survival in cardiogenic shock complicating acute 

myocardial infarction. European Heart Journal. 1993 Jan;14(1):71-4. 

285. Sjauw KD, Engstrom AE, Vis MM, van der Schaaf RJ, Baan J, Jr., Koch KT, et al. 

A systematic review and meta-analysis of intra-aortic balloon pump therapy in ST-

elevation myocardial infarction: should we change the guidelines? European Heart 

Journal. 2009 Feb;30(4):459-68. 

286. Pagani FD, Miller LW, Russell SD, Aaronson KD, John R, Boyle AJ, et al. 

Extended mechanical circulatory support with a continuous-flow rotary left 

ventricular assist device. Journal of the American College of Cardiology. 2009 Jul 

21;54(4):312-21. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ng%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=20086221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsai%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20086221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khatri%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20086221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barakat%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=20086221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elkayam%20U%5BAuthor%5D&cauthor=true&cauthor_uid=20086221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Circulation+Heart+Failure+2010%3B3%3A165-173
https://www.ncbi.nlm.nih.gov/pubmed/?term=Circulation+Heart+Failure+2010%3B3%3A165-173


 

122 
 

287. Shah MR, Hasselblad V, Stevenson LW, Binanay C, O'Connor CM, Sopko G, et 

al. Impact of the pulmonary artery catheter in critically ill patients: meta-analysis 

of randomized clinical trials. JAMA: the Journal of the American Medical 

Association. 2005 Oct 5;294(13):1664-70. 

288. Shepperd S, McClaran J, Phillips CO, Lannin NA, Clemson LM, McCluskey A, et 

al. Discharge planning from hospital to home. The Cochrane Database of 

Systematic Reviews. 2010(1):Cd000313. 

289. Phillips CO, Wright SM, Kern DE, Singa RM, Shepperd S, Rubin HR. 

Comprehensive discharge planning with postdischarge support for older patients 

with congestive heart failure: a meta-analysis. JAMA: the Journal of the American 

Medical Association. 2004 Mar 17;291(11):1358-67. 

290. McDonagh TA, Blue L, Clark AL, Dahlstrom U, Ekman I, Lainscak M, et al. 

European Society of Cardiology Heart Failure Association Standards for delivering 

heart failure care. Eur J Heart Fail. 2011 Mar;13(3):235-41. 

291. Ronco C, McCullough P, Anker SD, Anand I, Aspromonte N, Bagshaw SM, et al. 

Cardio-renal syndromes: report from the consensus conference of the acute 

dialysis quality initiative. European Heart Journal. 2010 Mar;31(6):703-11. 

292.  Lam CSP, Gamble GD, Ling LH, Sim D, Leong KTG, Yeo PSD, et al. Mortality 

associated with heart failure with preserved vs. reduced ejection fraction in a 

prospective international multi-ethnic cohort study. Eur Heart 

J. 2018a;39(20):1770-1780. 

293. Komajda M, Lam CS. Heart failure with preserved ejection fraction: a clinical 

dilemma. European Heart Journal. 2014 Apr;35(16):1022-32. 

294. Reddy YNV, Carter RE, Obokata M, Redfield MM, Borlaug BA. A simple, 

evidence-based approach to help guide diagnosis of heart failure with preserved 

ejection fraction. Circulation. 2018;138(9):861-870. 

295. Lam CS, Donal E, Kraigher-Krainer E, Vasan RS. Epidemiology and clinical 

course of heart failure with preserved ejection fraction. Eur J Heart Fail. 2011 

Jan;13(1):18-28. 

296. Tromp J, Teng TH, Tay WT, Hung CL, Narasimhan C, Shimizu W, et al. Heart 

failure with preserved ejection fraction in Asia. Eur J Heart Fail. 2019;21(1):23-

36. 

297. Lam CS, Roger VL, Rodeheffer RJ, Borlaug BA, Enders FT, Redfield MM. 

Pulmonary hypertension in heart failure with preserved ejection fraction: A 

community-based study. J Am Coll Cardiol. 2009;53(13):1119-26. 

298. Paulus WJ, Tschöpe C, Sanderson JE, Rusconi C, Flachskampf FA, Rademakers 

FE, et al. How to diagnose diastolic heart failure: A consensus statement on the 

diagnosis of heart failure with normal left ventricular ejection fraction by the Heart 

Failure and Echocardiography Associations of the European Society of 

Cardiology. Eur Heart J. 2007;28(20):2539-50. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20YNV%5BAuthor%5D&cauthor=true&cauthor_uid=29792299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carter%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=29792299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Obokata%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29792299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redfield%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=29792299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borlaug%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=29792299
https://www.ncbi.nlm.nih.gov/pubmed/29792299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tromp%20J%5BAuthor%5D&cauthor=true&cauthor_uid=30113120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teng%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=30113120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tay%20WT%5BAuthor%5D&cauthor=true&cauthor_uid=30113120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hung%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=30113120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Narasimhan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30113120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=30113120
https://www.ncbi.nlm.nih.gov/pubmed/30113120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=19324256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roger%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=19324256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodeheffer%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=19324256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borlaug%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=19324256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Enders%20FT%5BAuthor%5D&cauthor=true&cauthor_uid=19324256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redfield%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=19324256
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Am+Coll+Cardiol.+2009%3B53%3A1119
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paulus%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=17428822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsch%C3%B6pe%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17428822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanderson%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=17428822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rusconi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17428822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flachskampf%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=17428822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rademakers%20FE%5BAuthor%5D&cauthor=true&cauthor_uid=17428822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rademakers%20FE%5BAuthor%5D&cauthor=true&cauthor_uid=17428822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+2007%3B28(20)%3A2539-50


 

123 
 

299. Borlaug BA, Nishimura RA, Sorajja P, Lam CS, Redfield MM. Exercise 

hemodynamics enhance diagnosis of early heart failure with preserved ejection 

fraction. Circ Heart Fail. 2010;3(5):588-95.  

300. Obokata M, Kane GC, Reddy YN, Olson TP, Melenovsky V, Borlaug BA. Role of 

diastolic stress testing in the evaluation for heart failure with preserved ejection 

fraction: A simultaneous invasive-echocardiographic study. 

Circulation. 2017;135(9):825-838.  

301. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish H, Edvardsen T, 

et al. Recommendations for the evaluation of left ventricular diastolic function by 

echocardiography: An update from the American Society of Echocardiography and 

the European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc 

Imaging. 2016;17(12):1321-1360. 

302. Lancellotti P, Pellikka PA, Budts W, Chaudhry FA, Donal E, Dulgheru R, et al. 

The clinical use of stress echocardiography in non-ischaemic heart disease: 

Recommendations from the European Association of Cardiovascular Imaging and 

the American Society of Echocardiography. Eur Heart J Cardiovasc 

Imaging. 2016;17(11):1191-1229. 

303. Erdei T, Smiseth OA, Marino P, Fraser AG. A systematic review of diastolic stress 

tests in heart failure with preserved ejection fraction, with proposals from the EU-

FP7 MEDIA study group. Eur J Heart Fail. 2014;16(12):1345-61. 

304. Burgess MI, Jenkins C, Sharman JE, Marwick TH. Diastolic stress 

echocardiography: Hemodynamic validation and clinical significance of estimation 

of ventricular filling pressure with exercise. J Am Coll Cardiol. 2006;47(9):1891-

900. 

305. González-López E, Gallego-Delgado M, Guzzo-Merello G, de Haro-Del Moral 

FJ, Cobo-Marcos M, Robles C, et al. Wild-type transthyretin amyloidosis as a 

cause of heart failure with preserved ejection fraction. Eur Heart 

J. 2015;36(38):2585-94. 

306. Grothues F, Smith GC, Moon JC, Bellenger NG, Collins P, Klein HU, et al. 

Comparison of interstudy reproducibility of cardiovascular magnetic resonance 

with two-dimensional echocardiography in normal subjects and in patients with 

heart failure or left ventricular hypertrophy. Am J Cardiol. 2002;90(1):29-34. 

307. Hendel RC, Friedrich MG, Schulz-Menger J, Zemmrich C, Bengel F, Berman DS, 

et al. CMR first-pass perfusion for suspected inducible myocardial ischemia. JACC 

Cardiovasc Imaging. 2016;9(11):1338-1348. 

308. Leong DP, De Pasquale CG, Selvanayagam JB. Heart failure with normal ejection 

fraction: The complementary roles of echocardiography and CMR imaging. JACC 

Cardiovasc Imaging. 2010;3(4):409-20.  

309. Rommel KP, von Roeder M, Latuscynski K, Oberueck C, Blazek S, Fengler K, et 

al. Extracellular volume fraction for characterization of patients With heart failure 

and preserved ejection fraction. J Am Coll Cardiol. 2016;67(15):1815-1825.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Borlaug%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=20543134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishimura%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=20543134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorajja%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20543134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=20543134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redfield%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=20543134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Circ+Heart+Fail+2010%3B3(5)%3A588-95
https://www.ncbi.nlm.nih.gov/pubmed/?term=Obokata%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28039229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kane%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=28039229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20YN%5BAuthor%5D&cauthor=true&cauthor_uid=28039229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olson%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=28039229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melenovsky%20V%5BAuthor%5D&cauthor=true&cauthor_uid=28039229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borlaug%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=28039229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Circulation+2017%3B135(9)%3A825-838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nagueh%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=27422899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smiseth%20OA%5BAuthor%5D&cauthor=true&cauthor_uid=27422899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Appleton%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=27422899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byrd%20BF%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=27422899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dokainish%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27422899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edvardsen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27422899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+Cardiovasc+Imaging+2016%3B17(12)%3A1321-1360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+Cardiovasc+Imaging+2016%3B17(12)%3A1321-1360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lancellotti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27880640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pellikka%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=27880640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Budts%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27880640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhry%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=27880640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donal%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27880640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dulgheru%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27880640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+Cardiovasc+Imaging+2016%3B17(11)%3A1191-1229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+Cardiovasc+Imaging+2016%3B17(11)%3A1191-1229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erdei%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25393338
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smiseth%20OA%5BAuthor%5D&cauthor=true&cauthor_uid=25393338
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marino%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25393338
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fraser%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=25393338
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+J+Heart+Fail+2014%3B16(12)%3A1345-61
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burgess%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=16682317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jenkins%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16682317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharman%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=16682317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marwick%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=16682317
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Am+Coll+Cardiol+2006%3B47(9)%3A1891-900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez-L%C3%B3pez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26224076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gallego-Delgado%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26224076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guzzo-Merello%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26224076
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Haro-Del%20Moral%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=26224076
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Haro-Del%20Moral%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=26224076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cobo-Marcos%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26224076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robles%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26224076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+2015%3B36(38)%3A2585-94
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+2015%3B36(38)%3A2585-94
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grothues%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12088775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=12088775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=12088775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bellenger%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=12088775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Collins%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12088775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klein%20HU%5BAuthor%5D&cauthor=true&cauthor_uid=12088775
https://www.ncbi.nlm.nih.gov/pubmed/12088775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hendel%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=27832901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Friedrich%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=27832901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schulz-Menger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27832901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zemmrich%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27832901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bengel%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27832901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berman%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=27832901
https://www.ncbi.nlm.nih.gov/pubmed/?term=JACC+Cardiovasc+Imaging+2016%3B9(11)%3A1338-1348
https://www.ncbi.nlm.nih.gov/pubmed/?term=JACC+Cardiovasc+Imaging+2016%3B9(11)%3A1338-1348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leong%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=20394903
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Pasquale%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=20394903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selvanayagam%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=20394903
https://www.ncbi.nlm.nih.gov/pubmed/?term=JACC+Cardiovasc+Imaging+2010%3B3(4)%3A409-20
https://www.ncbi.nlm.nih.gov/pubmed/?term=JACC+Cardiovasc+Imaging+2010%3B3(4)%3A409-20
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rommel%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=27081022
https://www.ncbi.nlm.nih.gov/pubmed/?term=von%20Roeder%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27081022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Latuscynski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27081022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oberueck%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27081022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blazek%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27081022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fengler%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27081022
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Am+Coll+Cardiol+2016%3B67(15)%3A1815-1825


 

124 
 

310. Schwartzenberg S, Redfield MM, From AM, Sorajja P, Nishimura RA, Borlaug 

BA. Effects of vasodilation in heart failure with preserved or reduced ejection 

fraction implications of distinct pathophysiologies on response to therapy. J Am 

Coll Cardiol. 2012;59(5):442-51.  

311. Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, et al. 

TOPCAT investigators. Spironolactone for heart failure with preserved ejection 

fraction. N Engl J Med. 2014;370(15):1383-92. 

312. Pfeffer MA, Claggett B, Assmann SF, Boineau R, Anand IS, Clausell N, et al. 

Regional variation in patients and outcomes in the Treatment of Preserved Cardiac 

Function Heart Failure With an Aldosterone Antagonist (TOPCAT) trial. 

Circulation. 2015;131(1):34-42.  

313. Hummel SL, Seymour EM, Brook RD, Sheth SS, Ghosh E, Zhu S, et al. Low-

sodium DASH diet improves diastolic function and ventricular-arterial coupling in 

hypertensive heart failure with preserved ejection fraction. CirculationHeart 

failure. 2013 Nov;6(6):1165-71. 

314. Edelmann F, Gelbrich G, Dungen HD, Frohling S, Wachter R, Stahrenberg R, et 

al. Exercise training improves exercise capacity and diastolic function in patients 

with heart failure with preserved ejection fraction: results of the Ex-DHF (Exercise 

training in Diastolic Heart Failure) pilot study. Journal of the American College of 

Cardiology. 2011 Oct 18;58(17):1780-91. 

315. Lam CSP, Voors AA, de Boer RA, Solomon SD, van Veldhuisen DJ. Heart failure 

with preserved ejection fraction: From mechanisms to therapies. Eur Heart 

J. 2018b;39(30):2780-2792. 

316. Ponikowski P, van Veldhuisen DJ, Comin-Colet J, Ertl G, Komajda M, Mareev V, 

et al. Beneficial effects of long-term intravenous iron therapy with ferric 

carboxymaltose in patients with symptomatic heart failure and iron 

deficiencydagger. European Heart Journal. 2015 Mar 14;36(11):657-68. 

317. Swedberg K, Young JB, Anand IS, Cheng S, Desai AS, Diaz R, et al. Treatment of 

anemia with darbepoetin alfa in systolic heart failure. The New England Journal of 

Medicine. 2013 Mar 28;368(13):1210-9. 

318. Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, et al. Temporal 

relations of atrial fibrillation and congestive heart failure and their joint influence 

on mortality: the Framingham Heart Study. Circulation. 2003 Jun 

17;107(23):2920-5. 

319. Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJ, Ponikowski P, Poole-

Wilson PA, et al. ESC guidelines for the diagnosis and treatment of acute and 

chronic heart failure 2008: the Task Force for the diagnosis and treatment of acute 

and chronic heart failure 2008 of the European Society of Cardiology. Developed 

in collaboration with the Heart Failure Association of the ESC (HFA) and 

endorsed by the European Society of Intensive Care Medicine (ESICM). Eur J 

Heart Fail. 2008 Oct;10(10):933-89. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Schwartzenberg%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22281246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redfield%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22281246
https://www.ncbi.nlm.nih.gov/pubmed/?term=From%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22281246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorajja%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22281246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishimura%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22281246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borlaug%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=22281246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borlaug%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=22281246
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Am+Coll+Cardiol+2012%3B59%3A442%E2%80%93451
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Am+Coll+Cardiol+2012%3B59%3A442%E2%80%93451
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pitt%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24716680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pfeffer%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24716680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Assmann%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=24716680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boineau%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24716680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anand%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=24716680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Claggett%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24716680
https://www.ncbi.nlm.nih.gov/pubmed/?term=N+Engl+J+Med.+2014%3B370%3A1383%E2%80%9392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pfeffer%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=25406305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Claggett%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25406305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Assmann%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=25406305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boineau%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25406305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anand%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=25406305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clausell%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25406305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Circulation.+2015%3B131%3A34%E2%80%9342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20CSP%5BAuthor%5D&cauthor=true&cauthor_uid=29905796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voors%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=29905796
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Boer%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=29905796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Solomon%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=29905796
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Veldhuisen%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=29905796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+2018%3B39(30)%3A2780-2792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J+2018%3B39(30)%3A2780-2792


 

125 
 

320. Morris PD, Robinson T, Channer KS. Reversible heart failure: Toxins, 

tachycardiomyopathy and mitochondrial abnormalities. Postgrad Med 

J. 2012;88(1046):706-12. 

321. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al; ESC 

Scientific Document Group. 2016 ESC Guidelines for the management of atrial 

fibrillation developed in collaboration with EACTS. Eur Heart J. 

2016;37(38):2893-2962. doi: 10.1093/eurheartj/ehw210. 

322. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz 

MD, et al. Comparison of 

the efficacy and safety of new oral anticoagulants with warfarin in patients with atr

ial fibrillation: A meta-analysis of randomised trials. Lancet. 2014;383(9921):955-

62.  

323. Xiong Q, Lau YC, Senoo K, Lane DA, Hong K, Lip GY. Non-

vitamin K antagonist oral anticoagulants (NOACs) 

in patients with concomitant atrialfibrillation and heart failure: 

A systemic review and meta-analysis of randomized trials. Eur J Heart 

Fail. 2015;17(11):1192-200. 

324. Khand AU, Rankin AC, Martin W, Taylor J, Gemmell I, Cleland JG. 

Carvedilol alone or in combination with digoxin for the management of atrial 

fibrillation in patients with heart failure? J Am Coll Cardiol. 2003;42(11):1944-51. 

325. Upadhyay GA, Choudhry NK, Auricchio A, Ruskin J, Singh JP. Cardiac 

resynchronization in patients with atrial fibrillation: a meta-analysis of prospective 

cohort studies. Journal of the American College of Cardiology. 2008 Oct 

7;52(15):1239-46. 

326. Khan MN, Jais P, Cummings J, Di Biase L, Sanders P, Martin DO, et al. 

Pulmonary-vein isolation for atrial fibrillation in patients with heart failure. The 

New England Journal of Medicine. 2008 Oct 23;359(17):1778-85  

327. Deedwania PC, Singh BN, Ellenbogen K, Fisher S, Fletcher R, Singh SN. 

Spontaneous conversion and maintenance of sinus rhythm by amiodarone in patien

ts with heartfailure and atrial fibrillation: Observations from 

the veterans affairs congestive heart failure 

survival trial of antiarrhythmic therapy (CHF-STAT). 

The Department of Veterans Affairs CHF-STAT Investigators. 

Circulation. 1998;98(23):2574-9. 

328. Shelton RJ, Clark AL, Goode K, Rigby AS, Houghton T, Kaye GC, et al. 

A randomised, controlled study of rate versus rhythm control in patients with chro

nic atrialfibrillation and heart failure: (CAFE-II Study). Heart. 2009;95(11):924-

30. 

329. Capucci A, Villani GQ, Aschieri D, Rosi A, Piepoli MF. 

Oral amiodarone increases the efficacy of direct-

current cardioversion in restoration of sinusrhythm in patients with chronic atrial fi

brillation. Eur Heart J. 2000;21(1):66-73. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Morris%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=22745181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22745181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Channer%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=22745181
https://www.ncbi.nlm.nih.gov/pubmed/22745181
https://www.ncbi.nlm.nih.gov/pubmed/22745181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruff%20CT%5BAuthor%5D&cauthor=true&cauthor_uid=24315724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giugliano%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=24315724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Braunwald%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24315724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffman%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=24315724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deenadayalu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24315724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ezekowitz%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=24315724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ezekowitz%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=24315724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison+of+the+efficacy+and+safety+of+new+oral+anticoagulants+with+warfarin+in+patients+with+atrial+fibrillation%3A+a+meta-analysis+of+randomised+trials.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=26335355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lau%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=26335355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senoo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26335355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lane%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=26335355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26335355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lip%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=26335355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Non-vitamin+K+antagonist+oral+anticoagulants+(NOACs)+in+patients+with+concomitant+atrial+fibrillation+and+heart+failure%3A+a+systemic+review+and+meta-analysis+of+randomized+trials.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Non-vitamin+K+antagonist+oral+anticoagulants+(NOACs)+in+patients+with+concomitant+atrial+fibrillation+and+heart+failure%3A+a+systemic+review+and+meta-analysis+of+randomized+trials.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khand%20AU%5BAuthor%5D&cauthor=true&cauthor_uid=14662257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rankin%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=14662257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20W%5BAuthor%5D&cauthor=true&cauthor_uid=14662257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14662257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gemmell%20I%5BAuthor%5D&cauthor=true&cauthor_uid=14662257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cleland%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=14662257
https://www.ncbi.nlm.nih.gov/pubmed/14662257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deedwania%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=9843465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=9843465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellenbogen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9843465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fisher%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9843465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fletcher%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9843465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=9843465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spontaneous+conversion+and+maintenance+of+sinus+rhythm+by+amiodarone+in+patients+with+heart+failure+and+atrial+fibrillation%3A+observations+from+the+veterans+affairs+congestive+heart+failure+survival+trial+of+antiarrhythmic+therapy+(CHF-STAT).+The+Department+of+Veterans+Affairs+CHF-STAT+Investigators
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shelton%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=19282313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=19282313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goode%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19282313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rigby%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=19282313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Houghton%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19282313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaye%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=19282313
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+randomised%2C+controlled+study+of+rate+versus+rhythm+control+in+patients+with+chronic+atrial+fibrillation+and+heart+failure%3A+(CAFE-II+Study).
https://www.ncbi.nlm.nih.gov/pubmed/?term=Capucci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10610746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villani%20GQ%5BAuthor%5D&cauthor=true&cauthor_uid=10610746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aschieri%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10610746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10610746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piepoli%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=10610746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oral+amiodarone+increases+the+efficacy+of+direct-current+cardioversion+in+restoration+of+sinus+rhythm+in+patients+with+chronic+atrial+fibrillation.


 

126 
 

330. Marrouche NF, Brachmann J, Andresen D, Siebels J, Boersma L, Jordaens L, et al. 

Catheter ablation for atrial fibrillation with heart failure. N Engl J 

Med. 2018;378(5):417-427. 

331. Abrams J, Allen J, Allin D, Anderson J, Anderson S, Blanski L, et al. 

Efficacy and safety of esmolol vs propranolol in the treatment of supraventricular 

tachyarrhythmias: A multicenter double-blind clinical trial. Am Heart 

J. 1985;110(5):913-22. 

332. Ellenbogen KA, Dias VC, Plumb VJ, Heywood JT, Mirvis DM. A placebo-

controlled trial of continuous intravenous diltiazem infusion for 24-

hour heart ratecontrol during atrial fibrillation and atrial flutter: 

A multicenter study. J Am Coll Cardiol. 1991;18(4):891-7. 

333. Siu CW, Lau CP, Lee WL, Lam KF, Tse HF. 

Intravenous diltiazem is superior to intravenous amiodarone or digoxin for achievi

ng ventricularrate control in patients with acute uncomplicated atrial fibrillation. 

Crit Care Med. 2009;37(7):2174-9. 

334. Platia EV, Michelson EL, Porterfield JK, Das G. Esmolol versus verapamil in 

the acute treatment of atrial fibrillation or atrial flutter. Am J 

Cardiol. 1989;63(13):925-9. 

335. Demircan C, Cikriklar HI, Engindeniz Z, Cebicci H, Atar N, Guler V, et al. 

Comparison of the effectiveness of intravenous diltiazem and metoprolol in 

the management of rapid ventricular rate in atrial fibrillation. Emerg Med 

J. 2005;22(6):411-4. 

336. Jordaens L, Trouerbach J, Calle P, Tavernier R, Derycke E, Vertongen P, et al. 

Conversion of atrial fibrillation to sinus rhythm and rate control by digoxin 

in comparison to placebo. Eur Heart J. 1997;18(4):643-8. 

337. Hofmann R, Steinwender C, Kammler J, Kypta A, Leisch F. Effects of 

a high dose intravenous bolus amiodarone in patients with atrial fibrillation and 

a rapid ventricular rate. Int J Cardiol. 2006;110(1):27-32. 

338. Farshi R, Kistner D, Sarma JS, Longmate JA, Singh BN. Ventricular rate control 

in chronic atrial fibrillation during daily activity and programmed exercise: A 

crossover open-label study of five drug regimens. J Am Coll 

Cardiol. 1999;33(2):304-10. 

339. Corley SD, Epstein AE, DiMarco JP, Domanski MJ, Geller N, Greene HL, et al. 

Relationships between sinus rhythm, treatment, and survival in 

the Atrial Fibrillation Follow-

UpInvestigation of Rhythm Management (AFFIRM) Study. 

Circulation. 2004;109(12):1509-13. 

340. Rathore SS, Curtis JP, Wang Y, Bristow MR, Krumholz HM. 

Association of serum digoxin concentration and outcomes in patients with heart 

failure. JAMA. 2003;289(7):871-8. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Marrouche%20NF%5BAuthor%5D&cauthor=true&cauthor_uid=29385358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brachmann%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29385358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andresen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29385358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siebels%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29385358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boersma%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29385358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jordaens%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29385358
https://www.ncbi.nlm.nih.gov/pubmed/?term=CASTLE-AF+Investigators.+Catheter+Ablation+for+Atrial+Fibrillation+with+Heart+Failure.
https://www.ncbi.nlm.nih.gov/pubmed/?term=CASTLE-AF+Investigators.+Catheter+Ablation+for+Atrial+Fibrillation+with+Heart+Failure.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abrams%20J%5BAuthor%5D&cauthor=true&cauthor_uid=3904379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=3904379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allin%20D%5BAuthor%5D&cauthor=true&cauthor_uid=3904379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=3904379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=3904379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blanski%20L%5BAuthor%5D&cauthor=true&cauthor_uid=3904379
https://www.ncbi.nlm.nih.gov/pubmed/3904379
https://www.ncbi.nlm.nih.gov/pubmed/3904379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellenbogen%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=1894861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dias%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=1894861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Plumb%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=1894861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heywood%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=1894861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mirvis%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=1894861
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+placebo-controlled+trial+of+continuous+intravenous+diltiazem+infusion+for+24-hour+heart+rate+control+during+atrial+fibrillation+and+atrial+flutter%3A+a+multicenter+study.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siu%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=19487941
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lau%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=19487941
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=19487941
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20KF%5BAuthor%5D&cauthor=true&cauthor_uid=19487941
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tse%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=19487941
https://www.ncbi.nlm.nih.gov/pubmed/19487941
https://www.ncbi.nlm.nih.gov/pubmed/?term=Platia%20EV%5BAuthor%5D&cauthor=true&cauthor_uid=2564725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michelson%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=2564725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porterfield%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=2564725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20G%5BAuthor%5D&cauthor=true&cauthor_uid=2564725
https://www.ncbi.nlm.nih.gov/pubmed/2564725
https://www.ncbi.nlm.nih.gov/pubmed/2564725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demircan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15911947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cikriklar%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=15911947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engindeniz%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=15911947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cebicci%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15911947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15911947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guler%20V%5BAuthor%5D&cauthor=true&cauthor_uid=15911947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison+of+the+effectiveness+of+intravenous+diltiazem+and+metoprolol+in+the+management+of+rapid+ventricular+rate+in+atrial+fibrillation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison+of+the+effectiveness+of+intravenous+diltiazem+and+metoprolol+in+the+management+of+rapid+ventricular+rate+in+atrial+fibrillation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jordaens%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9129896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trouerbach%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9129896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calle%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9129896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tavernier%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9129896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Derycke%20E%5BAuthor%5D&cauthor=true&cauthor_uid=9129896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vertongen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9129896
https://www.ncbi.nlm.nih.gov/pubmed/9129896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hofmann%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16046015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steinwender%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16046015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kammler%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16046015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kypta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16046015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leisch%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16046015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+a+high+dose+intravenous+bolus+amiodarone+in+patients+with+atrial+fibrillation+and+a+rapid+ventricular+rate.+Int
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farshi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9973007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kistner%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9973007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarma%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=9973007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Longmate%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=9973007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=9973007
https://www.ncbi.nlm.nih.gov/pubmed/9973007
https://www.ncbi.nlm.nih.gov/pubmed/9973007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corley%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=15007003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Epstein%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=15007003
https://www.ncbi.nlm.nih.gov/pubmed/?term=DiMarco%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=15007003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Domanski%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15007003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geller%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15007003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greene%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=15007003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Relationships+between+sinus+rhythm%2C+treatment%2C+and+survival+in+the+Atrial+Fibrillation+Follow-Up+Investigation+of+Rhythm+Management+(AFFIRM)+Study.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rathore%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=12588271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curtis%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=12588271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12588271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bristow%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=12588271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krumholz%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=12588271
https://www.ncbi.nlm.nih.gov/pubmed/12588271


 

127 
 

341. Moss AJ, Hall WJ, Cannom DS, Klein H, Brown MW, Daubert JP, et al. Cardiac-

resynchronization therapy for the prevention of heart-failure events. The New 

England Journal of Medicine. 2009 Oct 1;361(14):1329-38. 

 

342. Tang AS, Wells GA, Talajic M, Arnold MO, Sheldon R, Connolly S, et al. 

Cardiac-resynchronization therapy for mild-to-moderate heart failure. The New 

England Journal of Medicine. 2010 Dec 16;363(25):2385-95. 

 

343. Nerheim P, Birger-Botkin S, Piracha L, Olshansky B. Heart failure and sudden 

death in patients with tachycardia-

induced cardiomyopathy and recurrent tachycardia. Circulation. 2004;110(3):247-

52. 

344. Gentlesk PJ, Sauer WH, Gerstenfeld EP, Lin D, Dixit S, Zado E, et al. 

Reversal of left ventricular dysfunction following ablation of atrial fibrillation. J 

Cardiovasc Electrophysiol. 2007;18(1):9-14. 

345. Brodsky MA, Allen BJ, Walker CJ 3rd, Casey TP, Luckett CR, Henry WL. 

Amiodarone for maintenance of sinus rhythm after conversion of atrial fibrillation 

in the setting of a dilated left atrium. Am J Cardiol. 1987 Sep 1;60(7):572-5. 

346. Wood MA, Brown-Mahoney C, Kay GN, Ellenbogen KA. 

Clinical outcomes after ablation and pacing therapy for atrial fibrillation: A meta-

analysis. Circulation. 2000;101(10):1138-44. 

347. Prabhu S, Taylor AJ, Costello BT, Kaye DM, McLellan AJA, Voskoboinik A, et 

al. Catheter ablation versus medical rate control in atrial 

fibrillation and systolic dysfunction: The CAMERA-MRI Study. J Am Coll 

Cardiol. 2017;70(16):1949-1961. 

348. Chandramouli C, Teng TK, Tay WT, Yap J, MacDonald MR, et al. Impact 

of diabetes and sex in heart failure with reduced ejection fraction patients from the 

ASIAN-HF registry. Eur J Heart Fail. 2019;21(3):297-307. 

349. Cooper LB, Yap J, Tay WT, Teng TK, MacDonald M, Anand IS,et al. Multi-

ethnic comparisons of diabetes in heart failure with reduced ejection fraction: 

Insights from the HF-ACTION trial and the ASIAN-HF registry. Eur J Heart 

Fail. 2018;20(9):1281-1289. 

350. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, et al. SGLT2 

inhibitors for primary and secondary prevention of cardiovascular and renal 

outcomes in type 2 diabetes: A systematic review and meta-analysis of 

cardiovascular outcome trials. Lancet. 2019; 393 (10166):31–39. 

351. Brunton S. Putting heart (and kidneys) into diabetes care. Clin Diab. 

2019;37(4):314-315. 

352. MacDonald MR, Eurich DT, Majumdar SR, Lewsey JD, Bhagra S, Jhund PS, et al. 

Treatment of type 2 diabetes and outcomes in patients with heart failure: A nested 

case-control study from the U.K. General Practice Research Database. Diabetes 

Care. 2010;33:1213–1218. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Nerheim%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15226218
https://www.ncbi.nlm.nih.gov/pubmed/?term=Birger-Botkin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15226218
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piracha%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15226218
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olshansky%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15226218
https://www.ncbi.nlm.nih.gov/pubmed/15226218
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gentlesk%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=17081210
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sauer%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=17081210
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerstenfeld%20EP%5BAuthor%5D&cauthor=true&cauthor_uid=17081210
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17081210
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dixit%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17081210
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zado%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17081210
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reversal+of+left+ventricular+dysfunction+following+ablation+of+atrial+fibrillation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reversal+of+left+ventricular+dysfunction+following+ablation+of+atrial+fibrillation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brodsky%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=3630939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allen%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=3630939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20CJ%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=3630939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casey%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=3630939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luckett%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=3630939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henry%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=3630939
https://www.ncbi.nlm.nih.gov/pubmed/3630939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wood%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=10715260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown-Mahoney%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10715260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kay%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=10715260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellenbogen%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=10715260
https://www.ncbi.nlm.nih.gov/pubmed/10715260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prabhu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28855115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=28855115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costello%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=28855115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaye%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=28855115
https://www.ncbi.nlm.nih.gov/pubmed/?term=McLellan%20AJA%5BAuthor%5D&cauthor=true&cauthor_uid=28855115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voskoboinik%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28855115
https://www.ncbi.nlm.nih.gov/pubmed/28855115
https://www.ncbi.nlm.nih.gov/pubmed/28855115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandramouli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30548089
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teng%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=30548089
https://www.ncbi.nlm.nih.gov/pubmed/30548089
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=29943890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yap%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29943890
https://www.ncbi.nlm.nih.gov/pubmed/29943890
https://www.ncbi.nlm.nih.gov/pubmed/29943890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zelniker%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=30424892
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiviott%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=30424892
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raz%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30424892
https://www.ncbi.nlm.nih.gov/pubmed/?term=Im%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30424892
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodrich%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=30424892
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaca%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=30424892


 

128 
 

353. Boussageon R, Supper I, Bejan-Angoulvant T, Kellou N, Cucherat M, Boissel J-P, 

et al. Reappraisal of metformin efficacy in the treatment of type 2 diabetes: A 

meta-analysis of randomised controlled trials. PLoS Med. 2012;9:e1001204. 

354. Hernandez AV, Usmani A, RaJAMAnickam A, Moheet A. Thiazolidinediones and 

risk of heart failure in patients with or at high risk of type 2 diabetes mellitus: A 

meta-analysis and meta-regression analysis of placebo-controlled randomized 

clinical trials. Am J Cardiovasc Drugs. 2011;11:115–128. 

355. Komajda M, McMurray JJV, Beck-Nielsen H, Gomis R, Hanefeld M, Pocock SJ, 

et al. Heart failure events with rosiglitazone in type 2 diabetes: Data from the 

RECORD clinical trial. Eur Heart J. 2010;31:824–831.  

356. Davidson PM, Cockburn J, Newton PJ, Webster JK, Betihavas V, Howes L, et al. 

Can a heart failure-

specific cardiac rehabilitation program decrease hospitalizations and improveoutco

mes in high-risk patients? Eur J Cardiovasc PrevRehabil. 2010;17(4):393-402. 

357. Lainscak M, Blue L, Clark AL, Dahlstrom U, Dickstein K, Ekman I, et al. Self-

care management of heart failure: practical recommendations from the Patient 

Care Committee of the Heart Failure Association of the European Society of 

Cardiology. Eur J Heart Fail. 2011 Feb;13(2):115-26. 

358. Sochalski J, Jaarsma T, Krumholz HM, Laramee A, McMurray JJ, Naylor MD, et 

al. What works in chronic care management: the case of heart failure. Health 

affairs (Project Hope). 2009 Jan-Feb;28(1):179-89. 

359. O'Connor CM, Whellan DJ, Lee KL, Keteyian SJ, Cooper LS, Ellis SJ, et al. 

Efficacy and safety of exercise training in patients with chronic heart failure: HF-

ACTION randomized controlled trial. JAMA: the Journal of the American Medical 

Association. 2009 Apr 8;301(14):1439-50. 

360. Piepoli MF, Conraads V, Corra U, Dickstein K, Francis DP, Jaarsma T, et al. 

Exercise training in heart failure: from theory to practice. A consensus document 

of the Heart Failure Association and the European Association for Cardiovascular 

Prevention and Rehabilitation. Eur J Heart Fail. 2011 Apr;13(4):347-57. 

361. Piña IL, Apstein CS, Balady GJ, Belardinelli R, Chaitman BR, Duscha BD, et al. 

Exercise and heart failure: A statement from 

the American Heart Association Committee on exercise, rehabilitation, 

and prevention. Circulation. 2003;107(8):1210-25. 

362. Smart N, Marwick TH. Exercise training for patients with heart failure: a 

systematic review of factors that improve mortality and morbidity. Am J Med. 

2004 May 15;116(10):693-706. 

363. Taylor RS, Sagar VA, Davies EJ, Briscoe S, Coats AJS, Dalal H, et al. Exercise-

based rehabilitation for heart failure. Cochrane Database of Systematic Reviews. 

2014(4). 

364. Piepoli MF, Davos C, Francis DP, Coats AJ. Exercise training meta-analysis of 

trials in patients with chronic heart failure (ExTraMATCH). BMJ (Clinical 

research ed). 2004 Jan 24;328(7433):189. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Davidson%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=20498608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cockburn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20498608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newton%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=20498608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Webster%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=20498608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Betihavas%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20498608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Howes%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20498608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Can+a+heart-failure+specific+cardiac+rehabilitation+program+decrease+hospitalizations+and+improve+outcomes+in+high-risk+patients%3F
https://www.ncbi.nlm.nih.gov/pubmed/?term=Exercise+and+heart+failure%3A+A+statement+from+the+American+Heart+Association+Committee+on+exercise%2C+rehabilitation%2C+and+prevention.


 

129 
 

365. Ko JK, McKelvie RS. The role of exercise training for patients with heart failure. 

Eura Medicophys. 2005;41(1):35-47. 

366. Maiorana A, O'Driscoll G, Cheetham C, Collis J, Goodman C, Rankin S, et al. 

Combined aerobic and resistance exercise training improves functional capacity 

and strength in CHF. Journal of applied physiology (Bethesda, Md : 1985). 2000 

May;88(5):1565-70. 

367. Savage PA, Shaw AO, Miller MS, VanBuren P, LeWinter MM, Ades PA, et al. 

Effect of resistance training on physical disability in chronic heart failure. Med Sci 

Sports Exerc. 2011;43(8):1379-86. 

368. Fleg JL, Pina IL, Balady GJ, Chaitman BR, Fletcher B, Lavie C, et al. Assessment 

of functional capacity in clinical and research applications: An advisory from the 

Committee on Exercise, Rehabilitation, and Prevention, Council on Clinical 

Cardiology, American Heart Association. Circulation. 2000 Sep 26;102(13):1591-

7. 

369. Ingle L. Theoretical rationale and practical recommendations for cardiopulmonary 

exercise testing in patients with chronic heart failure. Heart failure reviews. 2007 

Mar;12(1):12-22. 

370. Ingle L. Prognostic value and diagnostic potential of cardiopulmonary exercise 

testing in patients with chronic heart failure. Eur J Heart Fail. 2008 

Feb;10(2):112-8. 

371. Working Group on Cardiac Rehabilitation and Exercise Physiology and Working 

Group on Heart Failure for the European Society of Cardiology. Recommendations 

for exercise testing in chronic heart failure patients. European Heart Journal. 2001 

Jan;22(1):37-45. 

372. Cicoira M, Davos CH, Francis DP, Doehner W, Zanolla L, Franceschini L, et al. 

Prediction of mortality in chronic heart failure from peak oxygen consumption 

adjusted for either body weight or lean tissue. Journal of cardiac failure. 2004 

Oct;10(5):421-6. 

373. Mehra MR, Kobashigawa J, Starling R, Russell S, Uber PA, Parameshwar J, et al. 

Listing criteria for heart transplantation: International Society for Heart and Lung 

Transplantation guidelines for the care of cardiac transplant candidates--2006. The 

Journal of heart and lung transplantation: the official publication of the 

International Society for Heart Transplantation. 2006 Sep;25(9):1024-42. 

374. Arena R, Myers J, Abella J, Peberdy MA, Bensimhon D, Chase P, et al. 

Development of a ventilatory classification system in patients with heart failure. 

Circulation. 2007 May 8;115(18):2410-7. 

375. Corra U, Piepoli MF, Carre F, Heuschmann P, Hoffmann U, Verschuren M, et al. 

Secondary prevention through cardiac rehabilitation: physical activity counselling 

and exercise training: key components of the position paper from the Cardiac 

Rehabilitation Section of the European Association of Cardiovascular Prevention 

and Rehabilitation. European Heart Journal. 2010 Aug;31(16):1967-74. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ko%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=16175769
https://www.ncbi.nlm.nih.gov/pubmed/?term=McKelvie%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=16175769
https://www.ncbi.nlm.nih.gov/pubmed/16175769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savage%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=21233772
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaw%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=21233772
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=21233772
https://www.ncbi.nlm.nih.gov/pubmed/?term=VanBuren%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21233772
https://www.ncbi.nlm.nih.gov/pubmed/?term=LeWinter%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=21233772
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ades%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=21233772
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+resistance+training+on+physical+disability+in+chronic+heart+failure.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+resistance+training+on+physical+disability+in+chronic+heart+failure.


 

130 
 

376. Bassey EJ, Dallosso HM, Fentem PH, Irving JM, Patrick JM. Validation of a 

simple mechanical accelerometer (pedometer) for the estimation of walking 

activity. European journal of applied physiology and occupational physiology. 

1987;56(3):323-30. 

377. Faggiano P, D'Aloia A, Gualeni A, Lavatelli A, Giordano A. Assessment of 

oxygen uptake during the 6-minute walking test in patients with heart failure: 

preliminary experience with a portable device. American Heart Journal. 1997 

Aug;134(2 Pt 1):203-6. 

378. Cahalin LP, Mathier MA, Semigran MJ, Dec GW, DiSalvo TG. The six-minute 

walk test predicts peak oxygen uptake and survival in patients with advanced heart 

failure. Chest. 1996 Aug;110(2):325-32. 

379. Zugck C, Kruger C, Durr S, Gerber SH, Haunstetter A, Hornig K, et al. Is the 6-

minute walk test a reliable substitute for peak oxygen uptake in patients with 

dilated cardiomyopathy? European Heart Journal. 2000 Apr;21(7):540-9. 

380. Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel R, Fleg J, et al. 

Exercise standards for testing and training: a statement for healthcare professionals 

from the American Heart Association. Circulation. 2001 Oct 2;104(14):1694-740. 

381. Gonseth J, Guallar-Castillon P, Banegas JR, Rodriguez-Artalejo F. The 

effectiveness of disease management programmes in reducing hospital re-

admission in older patients with heart failure: a systematic review and meta-

analysis of published reports. European Heart Journal. 2004 Sep;25(18):1570-95. 

382. Jaarsma T, van der Wal MH, Lesman-Leegte I, Luttik ML, Hogenhuis J, Veeger 

NJ, et al. Effect of moderate or intensive disease management program on outcome 

in patients with heart failure: Coordinating Study Evaluating Outcomes of 

Advising and Counseling in Heart Failure (COACH). Archives of internal 

medicine. 2008 Feb 11;168(3):316-24. 

383. Holland R, Battersby J, Harvey I, Lenaghan E, Smith J, Hay L. Systematic review 

of multidisciplinary interventions in heart failure. Heart (British Cardiac Society). 

2005 Jul;91(7):899-906. 

384. Savard LA, Thompson DR, Clark AM. A meta-review of evidence on heart failure 

disease management programs: the challenges of describing and synthesizing 

evidence on complex interventions. Trials. 2011;12:194. 

385. Atienza F, Anguita M, Martinez-Alzamora N, Osca J, Ojeda S, Almenar L, et al. 

Multicenter randomized trial of a comprehensive hospital discharge and outpatient 

heart failure management program. European Journal of Heart Failure. 

2004;6(5):643-52. 

386. Yeo PSD, Chai P, Ong HY, Koh A, Low RSL. Successful Implementation of 

ACCF/AHA Performance Measures for Adults With Heart Failure Reduces 

Mortality in South-East Asian Patients With Chronic Heart Failure Circulation. 

2013;128:A9240. 



 

131 
 

387. Yu DSF, Thompson DR, Lee DTF. Disease management programmes for older 

people with heart failure: crucial characteristics which improve post-discharge 

outcomes. European Heart Journal. 2006 March 1, 2006;27(5):596-612. 

388. Omar AR, Suppiah N, Chai P, Chan YH, Seow YH, Quek LL, et al. Efficacy of 

community-based multidisciplinary disease management of chronic heart failure. 

Singapore Medical Journal. 2007 Jun;48(6):528-31. 

389. McAlister FA, Stewart S, Ferrua S, McMurray JJ. Multidisciplinary strategies for 

the management of heart failure patients at high risk for admission: a systematic 

review of randomized trials. Journal of the American College of Cardiology. 2004 

Aug 18;44(4):810-9. 

390. Albert NM, Fonarow GC, Yancy CW, Curtis AB, Stough WG, Gheorghiade M, et 

al. Influence of dedicated heart failure clinics on delivery of recommended 

therapies in outpatient cardiology practices: findings from the Registry to Improve 

the Use of Evidence-Based Heart Failure Therapies in the Outpatient Setting 

(IMPROVE HF). American Heart Journal. 2010 Feb;159(2):238-44. 

391. Hauptman PJ, Rich MW, Heidenreich PA, Chin J, Cummings N, Dunlap ME, et al. 

The heart failure clinic: a consensus statement of the Heart Failure Society of 

America. Journal of cardiac failure. 2008 Dec;14(10):801-15. 

392. Wong J, Chan YH, Ho CY, Koh A, Goh CY, Lee HH, et al. Quality of life in 

Southeast Asian patients with chronic heart failure in Singapore. Heart (British 

Cardiac Society). 2011 October 1, 2011;97(Suppl 3):A89. 

393. Ong KX, Lee HK, Yeo D. An Evaluation of Pharmacist-Led Heart Failure Clinic 

in Tan Tock Seng Hospital. Journal of cardiac failure. 2011;17(8):S109. 

394. Artinian NT, Magnan M, Christian W, Lange MP. What do patients know about 

their heart failure? Applied Nursing Research. 2002 11//;15(4):200-8. 

395. Cameron J, Worrall-Carteris L, Driscoll A, New G, Stewart S. Extent of heart 

failure self-care as an endpoint to patient education: A literature review. British 

Journal of Cardiac Nursing. 2007;2(4):188-97. 

396. Grady KL, Dracup K, Kennedy G, Moser DK, Piano M, Stevenson LW, et al. 

Team management of patients with heart failure: A statement for healthcare 

professionals from The Cardiovascular Nursing Council of the American Heart 

Association. Circulation. 2000 Nov 7;102(19):2443-56. 

397. Koelling TM, Johnson ML, Cody RJ, Aaronson KD. Discharge Education 

Improves Clinical Outcomes in Patients With Chronic Heart Failure. Circulation. 

2005 January 18, 2005;111(2):179-85. 

398. Strömberg A. The crucial role of patient education in heart failure. European 

Journal of Heart Failure. 2005 March 16, 2005;7(3):363-9. 

399. Molloy GJ, O'Carroll RE, Witham MD, McMurdo MET. Interventions to Enhance 

Adherence to Medications in Patients WithHeart Failure: A Systematic Review. 

Circulation: Heart Failure. 2012 January 1, 2012;5(1):126-33. 



 

132 
 

400. van der Wal MHL, van Veldhuisen DJ, Veeger NJGM, Rutten FH, Jaarsma T. 

Compliance with non-pharmacological recommendations and outcome in heart 

failure patients. European Heart Journal. 2010 June 1, 2010;31(12):1486-93. 

401. Salehi-Abargouei A, Maghsoudi Z, Shirani F, Azadbakht L. Effects of Dietary 

Approaches to Stop Hypertension (DASH)-style diet on fatal or nonfatal 

cardiovascular diseases--incidence: a systematic review and meta-analysis on 

observational prospective studies. Nutrition (Burbank, Los Angeles County, Calif). 

2013 Apr;29(4):611-8. 

402. Reilly CM, Anderson KM, Baas L, Johnson E, Lennie TA, Lewis CM, et al. 

American Association of Heart Failure Nurses Best Practices paper: Literature 

synthesis and guideline review for dietary sodium restriction. Heart & Lung: The 

Journal of Acute and Critical Care. 2015;44(4):289-98. 

403. Philipson H, Ekman I, Forslund HB, Swedberg K, Schaufelberger M. Salt and 

fluid restriction is effective in patients with chronic heart failure. Eur J Heart Fail. 

2013 Nov;15(11):1304-10. 

404. Aliti GB, Rabelo ER, Clausell N, Rohde LE, Biolo A, Beck-da-Silva L. 

Aggressive fluid and sodium restriction in acute decompensated heart failure: a 

randomized clinical trial. JAMA internal medicine. 2013 Jun 24;173(12):1058-64. 

405. Gupta D, Georgiopoulou VV, Kalogeropoulos AP, Dunbar SB, Reilly CM, Sands 

JM, et al. Dietary Sodium Intake in Heart Failure. Circulation. 2012 July 24, 

2012;126(4):479-85. 

406. Levitan EB, Lewis CE, Tinker LF, Eaton CB, Ahmed A, Manson JE, et al. 

Mediterranean and DASH Diet Scores and Mortality in Women With Heart 

Failure: The Women’s Health Initiative. Circulation: Heart Failure. 2013 

November 1, 2013;6(6):1116-23. 

407. Levitan EB, Wolk A, Mittleman MA. Consistency with the dash diet and incidence 

of heart failure. Archives of internal medicine. 2009;169(9):851-7. 

408. Rifai L, Pisano C, Hayden J, Sulo S, Silver MA. Impact of the DASH diet on 

endothelial function, exercise capacity, and quality of life in patients with heart 

failure. Proceedings (Baylor University Medical Center). 2015 Apr;28(2):151-6. 

409. Tai MK. [Evidence-based practice of fluid restriction in patients with heart 

failure]. Hu li za zhiThe journal of nursing. 2009 Oct;56(5):23-9. 

410. Eastwood CA, Travis L, Morgenstern TT, Donaho EK. Weight and symptom diary 

for self-monitoring in heart failure clinic patients. The Journal of cardiovascular 

nursing. 2007 Sep-Oct;22(5):382-9. 

411. Lyngå P, Persson H, Hägg-Martinell A, Hägglund E, Hagerman I, Langius-Eklöf 

A, et al. Weight monitoring in patients with severe heart failure (WISH). A 

randomized controlled trial. European Journal of Heart Failure. 2012;14(4):438-

44. 

412. Regan TJ, Haider B. Ethanol abuse and heart disease. Circulation. 1981 Sep;64(3 

Pt 2):Iii 14-9. 



 

133 
 

413. Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G, Cifkova R, et al. 

European guidelines on cardiovascular disease prevention in clinical practice: full 

text. Fourth Joint Task Force of the European Society of Cardiology and other 

societies on cardiovascular disease prevention in clinical practice (constituted by 

representatives of nine societies and by invited experts). European journal of 

cardiovascular prevention and rehabilitation: official journal of the European 

Society of Cardiology, Working Groups on Epidemiology & Prevention and 

Cardiac Rehabilitation and Exercise Physiology. 2007 Sep;14 Suppl2:S1-113. 

414. Evangelista LS, Doering LV, Dracup K. Usefulness of a history of tobacco and 

alcohol use in predicting multiple heart failure readmissions among veterans. The 

American Journal of Cardiology. 2000 Dec 15;86(12):1339-42. 

415. Fonarow GC, Abraham WT, Albert NM, Stough WG, Gheorghiade M, Greenberg 

BH, et al. A smoker's paradox in patients hospitalized for heart failure: findings 

from OPTIMIZE-HF. European Heart Journal. 2008 Aug;29(16):1983-91. 

416. Rodriguez-Roisin R, Soriano JB. Chronic obstructive pulmonary disease with lung 

cancer and/or cardiovascular disease. Proceedings of the American Thoracic 

Society. 2008 Dec 1;5(8):842-7. 

417. Urbano-Marquez A, Estruch R, Navarro-Lopez F, Grau JM, Mont L, Rubin E. The 

Effects of Alcoholism on Skeletal and Cardiac Muscle. New England Journal of 

Medicine. 1989;320(7):409-15. 

418. Djousse L, Gaziano JM. Alcohol consumption and risk of heart failure in the 

Physicians' Health Study I. Circulation. 2007 Jan 2;115(1):34-9. 

419. Cooper HA, Exner DV, Domanski MJ. Light-to-moderate alcohol consumption 

and prognosis in patients with left ventricular systolic dysfunction. Journal of the 

American College of Cardiology. 2000 Jun;35(7):1753-9. 

420. Mandras SA, Uber PA, Mehra MR. Sexual activity and chronic heart failure. Mayo 

Clinic proceedings. 2007 Oct;82(10):1203-10. 

421. Alberti L, Torlasco C, Lauretta L, Loffi M, Maranta F, Salonia A, et al. Erectile 

dysfunction in heart failure patients: a critical reappraisal. Andrology. 2013 

Mar;1(2):177-91. 

422. DeBusk R, Drory Y, Goldstein I, Jackson G, Kaul S, Kimmel SE, et al. 

Management of sexual dysfunction in patients with cardiovascular disease: 

recommendations of The Princeton Consensus Panel. The American Journal of 

Cardiology. 2000 Jul 15;86(2):175-81. 

423. Members WG, Cheitlin MD, Hutter AM, Brindis RG, Ganz P, Kaul S, et al. Use of 

Sildenafil (Viagra) in Patients With Cardiovascular Disease. Circulation. 1999 

January 12, 1999;99(1):168-77. 

424. Cheitlin MD, Hutter Jr AM, Brindis RG, Ganz P, Kaul S, Russell Jr RO, et al. Use 

of sildenafil (Viagra) in patients with cardiovascular disease. Journal of the 

American College of Cardiology. 1999 1//;33(1):273-82. 

425. Higgins JP, Tuttle T, Higgins JA. Altitude and the heart: Is going high safe for 

your cardiac patient? Am Heart J. 2010;159(1):25-32. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Higgins%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20102863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tuttle%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20102863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Higgins%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=20102863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Am+Heart+Journal.+Higgins+(2010).++Altitude+and+Heart%3A+Is+going+high..


 

134 
 

426. Ingle L, Hobkirk J, Damy T, Nabb S, Clark AL, Cleland JG. Experiences of air 

travel in patients with chronic heart failure. International Journal of Cardiology. 

2012 Jun 28;158(1):66-70. 

427. Pastor P, Medley F, Murphy TV. Invasive pneumococcal disease in Dallas County, 

Texas: results from population-based surveillance in 1995. Clinical infectious 

diseases: an official publication of the Infectious Diseases Society of America. 

1998 Mar;26(3):590-5. 

428. Low S, Chan FL, Cutter J, Ma S, Goh KT, Chew SK. A national study of the 

epidemiology of pneumococcal disease among hospitalised patients in Singapore: 

1995 to 2004. Singapore Medical Journal. 2007 Sep;48(9):824-9. 

429. Prevention of pneumococcal disease: recommendations of the Advisory 

Committee on Immunization Practices (ACIP). MMWR Recommendations and 

reports: Morbidity and mortality weekly report Recommendations and reports / 

Centers for Disease Control. 1997 Apr 4;46(Rr-8):1-24. 

430. Kita Y, Subramony H, Cutter J, James L. Vaccinations against pneumococcal 

disease. Epidemiological News Bulletin. 2010;36(1):7-15. 

431. O'Connor CM, Jiang W, Kuchibhatla M, Silva SG, Cuffe MS, Callwood DD, et al. 

Safety and Efficacy of Sertraline for Depression in Patients With Heart Failure: 

Results of the SADHART-CHF (Sertraline Against Depression and Heart Disease 

in Chronic Heart Failure) Trial. Journal of the American College of Cardiology. 

2010 8/24/;56(9):692-9. 

432. Glassman AH, O'Connor CM, Califf RM, Swedberg K, Schwartz P, Bigger JT, Jr., 

et al. Sertraline treatment of major depression in patients with acute MI or unstable 

angina. JAMA: the Journal of the American Medical Association. 2002 Aug 

14;288(6):701-9. 

433. Clark RA, Inglis SC, McAlister FA, Cleland JG, Stewart S. Telemonitoring or 

structured telephone support programmes for patients with chronic heart failure: 

systematic review and meta-analysis. BMJ (Clinical research ed). 2007 May 

5;334(7600):942. 

434. Desai AS. Home monitoring heart failure care does not improve patient outcomes: 

looking beyond telephone-based disease management. Circulation. 2012 Feb 

14;125(6):828-36. 

435. Inglis SC, Clark RA, McAlister FA, Stewart S, Cleland JG. Which components of 

heart failure programmes are effective? A systematic review and meta-analysis of 

the outcomes of structured telephone support or telemonitoring as the primary 

component of chronic heart failure management in 8323 patients: Abridged 

Cochrane Review. Eur J Heart Fail. 2011 Sep;13(9):1028-40. 

436. Louis AA, Turner T, Gretton M, Baksh A, Cleland JG. A systematic review of 

telemonitoring for the management of heart failure. Eur J Heart Fail. 2003 

Oct;5(5):583-90. 



 

135 
 

437. LaFramboise LM, Todero CM, Zimmerman L, Agrawal S. Comparison of Health 

Buddy® with Traditional Approaches to Heart Failure Management. Family & 

Community Health. 2003;26(4):275-88. 

438. McCauley KM, Bixby MB, Naylor MD. Advanced practice nurse strategies to 

improve outcomes and reduce cost in elders with heart failure. Disease 

management: DM. 2006 Oct;9(5):302-10. 

439. Naylor MD, Brooten DA, Campbell RL, Maislin G, McCauley KM, Schwartz JS. 

Transitional care of older adults hospitalized with heart failure: a randomized, 

controlled trial. Journal of the American Geriatrics Society. 2004 May;52(5):675-

84. 

440. Naylor MD. Advancing high value transitional care: the central role of nursing and 

its leadership. Nursing administration quarterly. 2012 Apr-Jun;36(2):115-26. 

441. Naylor MD, Brooten D, Campbell R, Jacobsen BS, Mezey MD, Pauly MV, et al. 

Comprehensive discharge planning and home follow-up of hospitalized elders: a 

randomized clinical trial. JAMA: the Journal of the American Medical Association. 

1999 Feb 17;281(7):613-20. 

442. Bonow RO, Douglas PS, Buxton AE, Cohen DJ, Curtis JP, Delong E, et al. 

ACCF/AHA methodology for the development of quality measures for 

cardiovascular technology: a report of the American College of Cardiology 

Foundation/American Heart Association Task Force on Performance Measures. 

Journal of the American College of Cardiology. 2011 Sep 27;58(14):1517-38. 

443. The Joint Commission. Core Measure Sets. [Internet]. 2003 [cited June 11, 2014]. 

Available from. 

444. Fonarow GC, Albert NM, Curtis AB, Gheorghiade M, Heywood JT, Liu Y, et al. 

Associations between outpatient heart failure process-of-care measures and 

mortality. Circulation. 2011 Apr 19;123(15):1601-10. 

445. Yeo PSD, Chai P, Ong HY, Koh A, Low RSL. Abstract 9240: Successful 

Implementation of ACCF/AHA Performance Measures for Adults With Heart 

Failure Reduces Mortality in South-East Asian Patients With Chronic Heart 

Failure. Circulation. 2013;128: A9240. 

 

 

 


