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Definition of HF
Heart failure is a clinical syndrome characterized 

by typical symptoms that may be accompanied by 
signs caused by a structural and/or functional 

cardiac abnormality, resulting in a reduced cardiac 
output and/ or elevated intracardiac pressures at 

rest or during stress.

2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

ก"มอาการ'ประกอบ+วยอาการและอาการ
แสดง'เ4ดจากความ7ดปก8ของโครงส;างห=อ

การ>งานของ@วใจ



HF

Diseased Myocardium
Abnormal loading condition

Arrhythmias

•Ischemic heart disease
•Toxic damage
•Immune-mediated & 
inflammatory damage
•Infiltration
•Metabolic derangements
•Genetic abnormalities

•Hypertension
•Valve and myocardium 
structural defects
•Pericardial & 
endomyocardial pathologies
•High output states
•Volume overload

•Tachyarrhythmias
•Bradyarrhythmias

2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure



Type of HF HFrEF HFmrEF HFpEF

Criteria

1 Symptoms ± Signs Symptoms ± Signs Symptoms ± Signs

2 LVEF < 40% LVEF 40-49% LVEF ≥ 50%

3 -

1. Elevated levels of 
natriuretic peptides

2. At least one additional 
criterion:

 a.relevant structural heart 
disease (LVH and/or LAE)

 b.diastolic dysfunction

1. Elevated levels of 
natriuretic peptides

2. At least one additional 
criterion:

 a.relevant structural heart 
disease (LVH and/or LAE)

 b.diastolic dysfunction

Definition of heart failure

Signs may not be present in the early stages of HF (especially in HFpEF) and in patients treated with diuretics.

BNP > 35 pg/ml and/or NT-proBNP > 125 pg/mL.

2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure



Stage A At high risk for HF but without structural heart 
disease or symptoms of HF

Stage B Structural heart disease but without signs or 
symptoms of HF

Stage C Structural heart disease with prior or current 
symptoms of HF

Stage D Refractory HF requiring specialized 
interventions

ACCF/AHA Stages of HF

2013 ACCF/AHA Guideline for the Management of Heart Failure.Circulation. 2013;128:e240-e327.



B-type natriuretic peptide (BNP) is 35 pg/mL and for N-terminal
pro-BNP (NT-proBNP) it is 125 pg/mL; in the acute setting, higher
values should be used [BNP , 100 pg/mL, NT-proBNP , 300 pg/
mL and mid-regional pro A-type natriuretic peptide (MR-proANP)
, 120 pmol/L]. Diagnostic values apply similarly to HFrEF and
HFpEF; on average, values are lower for HFpEF than for HFrEF.54,55

At the mentioned exclusionary cut-points, the negative predictive
values are very similar and high (0.94–0.98) in both the non-acute
and acute setting, but the positive predictive values are lower
both in the non-acute setting (0.44–0.57) and in the acute setting
(0.66–0.67).54,56 – 61 Therefore, the use of NPs is recommended
for ruling-out HF, but not to establish the diagnosis.

There are numerous cardiovascular and non-cardiovascular
causes of elevated NPs that may weaken their diagnostic utility in
HF. Among them, AF, age and renal failure are the most important
factors impeding the interpretation of NP measurements.55 On the
other hand, NP levels may be disproportionally low in obese pa-
tients62 (see also Section 12.2 and Table 12.3).

An abnormal electrocardiogram (ECG) increases the likelihood
of the diagnosis of HF, but has low specificity.18,46,63,64 Some abnor-
malities on the ECG provide information on aetiology (e.g. myocar-
dial infarction), and findings on the ECG might provide indications
for therapy (e.g. anticoagulation for AF, pacing for bradycardia,
CRT if broadened QRS complex) (see Sections 8 and 10). HF is un-
likely in patients presenting with a completely normal ECG (sensitiv-
ity 89%).43 Therefore, the routine use of an ECG is mainly
recommended to rule out HF.

Echocardiography is the most useful, widely available test in pa-
tients with suspected HF to establish the diagnosis. It provides im-
mediate information on chamber volumes, ventricular systolic and
diastolic function, wall thickness, valve function and pulmonary
hypertension.65 – 74 This information is crucial in establishing the
diagnosis and in determining appropriate treatment (see Sections
5.2–5.4 for details on echocardiography).

The information provided by careful clinical evaluation and the
above mentioned tests will permit an initial working diagnosis and
treatment plan in most patients. Other tests are generally required
only if the diagnosis remains uncertain (e.g. if echocardiographic
images are suboptimal or an unusual cause of HF is suspected)
(for details see Sections 5.5–5.10).

4.3 Algorithm for the diagnosis of heart
failure
4.3.1 Algorithm for the diagnosis of heart failure in the
non-acute setting
An algorithm for the diagnosis of HF in the non-acute setting is
shown in Figure 4.1. The diagnosis of HF in the acute setting is
discussed in Section 12.

For patients presenting with symptoms or signs for the first time,
non-urgently in primary care or in a hospital outpatient clinic
(Table 4.1), the probability of HF should first be evaluated based
on the patient’s prior clinical history [e.g. coronary artery disease
(CAD), arterial hypertension, diuretic use], presenting symptoms
(e.g. orthopnoea), physical examination (e.g. bilateral oedema, in-
creased jugular venous pressure, displaced apical beat) and resting
ECG. If all elements are normal, HF is highly unlikely and other diag-
noses need to be considered. If at least one element is abnormal,
plasma NPs should be measured, if available, to identify those
who need echocardiography (an echocardiogram is indicated if
the NP level is above the exclusion threshold or if circulating NP
levels cannot be assessed).55 –60,75– 78

4.3.2 Diagnosis of heart failure with preserved ejection
fraction
The diagnosis of HFpEF remains challenging. LVEF is normal and
signs and symptoms for HF (Table 4.1) are often non-specific and
do not discriminate well between HF and other clinical conditions.
This section summarizes practical recommendations necessary for
proper diagnosis of this clinical entity in clinical practice.

The diagnosis of chronic HFpEF, especially in the typical elderly
patient with co-morbidities and no obvious signs of central fluid
overload, is cumbersome and a validated gold standard is missing.
To improve the specificity of diagnosing HFpEF, the clinical diagnosis
needs to be supported by objective measures of cardiac dysfunction
at rest or during exercise. The diagnosis of HFpEF requires the fol-
lowing conditions to be fulfilled (see Table 3.1):

† The presence of symptoms and/or signs of HF (see Table 4.1)
† A ‘preserved’ EF (defined as LVEF ≥50% or 40–49% for

HFmrEF)
† Elevated levels of NPs (BNP .35 pg/mL and/or NT-proBNP

.125 pg/mL)
† Objective evidence of other cardiac functional and structural al-

terations underlying HF (for details, see below)

Table 4.1 Symptoms and signs typical of heart failure

Symptoms Signs

Typical

Breathlessness
Orthopnoea
Paroxysmal nocturnal dyspnoea
Reduced exercise tolerance
Fatigue, tiredness, increased time 
to recover after exercise
Ankle swelling

Elevated jugular venous pressure

Third heart sound (gallop rhythm)
Laterally displaced apical impulse

Less typical

Nocturnal cough
Wheezing
Bloated feeling
Loss of appetite
Confusion (especially in the 
elderly)
Depression
Palpitations
Dizziness
Syncope
Bendopnea53

Weight gain (>2 kg/week)
Weight loss (in advanced HF)
Tissue wasting (cachexia)
Cardiac murmur
Peripheral oedema (ankle, sacral, 
scrotal)
Pulmonary crepitations
Reduced air entry and dullness to 
percussion at lung bases (pleural 
effusion)
Tachycardia
Irregular pulse
Tachypnoea 
Cheyne Stokes respiration 
Hepatomegaly
Ascites
Cold extremities
Oliguria
Narrow pulse pressure

HF ¼ heart failure.
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B-type natriuretic peptide (BNP) is 35 pg/mL and for N-terminal
pro-BNP (NT-proBNP) it is 125 pg/mL; in the acute setting, higher
values should be used [BNP , 100 pg/mL, NT-proBNP , 300 pg/
mL and mid-regional pro A-type natriuretic peptide (MR-proANP)
, 120 pmol/L]. Diagnostic values apply similarly to HFrEF and
HFpEF; on average, values are lower for HFpEF than for HFrEF.54,55

At the mentioned exclusionary cut-points, the negative predictive
values are very similar and high (0.94–0.98) in both the non-acute
and acute setting, but the positive predictive values are lower
both in the non-acute setting (0.44–0.57) and in the acute setting
(0.66–0.67).54,56 – 61 Therefore, the use of NPs is recommended
for ruling-out HF, but not to establish the diagnosis.

There are numerous cardiovascular and non-cardiovascular
causes of elevated NPs that may weaken their diagnostic utility in
HF. Among them, AF, age and renal failure are the most important
factors impeding the interpretation of NP measurements.55 On the
other hand, NP levels may be disproportionally low in obese pa-
tients62 (see also Section 12.2 and Table 12.3).

An abnormal electrocardiogram (ECG) increases the likelihood
of the diagnosis of HF, but has low specificity.18,46,63,64 Some abnor-
malities on the ECG provide information on aetiology (e.g. myocar-
dial infarction), and findings on the ECG might provide indications
for therapy (e.g. anticoagulation for AF, pacing for bradycardia,
CRT if broadened QRS complex) (see Sections 8 and 10). HF is un-
likely in patients presenting with a completely normal ECG (sensitiv-
ity 89%).43 Therefore, the routine use of an ECG is mainly
recommended to rule out HF.

Echocardiography is the most useful, widely available test in pa-
tients with suspected HF to establish the diagnosis. It provides im-
mediate information on chamber volumes, ventricular systolic and
diastolic function, wall thickness, valve function and pulmonary
hypertension.65 – 74 This information is crucial in establishing the
diagnosis and in determining appropriate treatment (see Sections
5.2–5.4 for details on echocardiography).

The information provided by careful clinical evaluation and the
above mentioned tests will permit an initial working diagnosis and
treatment plan in most patients. Other tests are generally required
only if the diagnosis remains uncertain (e.g. if echocardiographic
images are suboptimal or an unusual cause of HF is suspected)
(for details see Sections 5.5–5.10).

4.3 Algorithm for the diagnosis of heart
failure
4.3.1 Algorithm for the diagnosis of heart failure in the
non-acute setting
An algorithm for the diagnosis of HF in the non-acute setting is
shown in Figure 4.1. The diagnosis of HF in the acute setting is
discussed in Section 12.

For patients presenting with symptoms or signs for the first time,
non-urgently in primary care or in a hospital outpatient clinic
(Table 4.1), the probability of HF should first be evaluated based
on the patient’s prior clinical history [e.g. coronary artery disease
(CAD), arterial hypertension, diuretic use], presenting symptoms
(e.g. orthopnoea), physical examination (e.g. bilateral oedema, in-
creased jugular venous pressure, displaced apical beat) and resting
ECG. If all elements are normal, HF is highly unlikely and other diag-
noses need to be considered. If at least one element is abnormal,
plasma NPs should be measured, if available, to identify those
who need echocardiography (an echocardiogram is indicated if
the NP level is above the exclusion threshold or if circulating NP
levels cannot be assessed).55 –60,75– 78

4.3.2 Diagnosis of heart failure with preserved ejection
fraction
The diagnosis of HFpEF remains challenging. LVEF is normal and
signs and symptoms for HF (Table 4.1) are often non-specific and
do not discriminate well between HF and other clinical conditions.
This section summarizes practical recommendations necessary for
proper diagnosis of this clinical entity in clinical practice.

The diagnosis of chronic HFpEF, especially in the typical elderly
patient with co-morbidities and no obvious signs of central fluid
overload, is cumbersome and a validated gold standard is missing.
To improve the specificity of diagnosing HFpEF, the clinical diagnosis
needs to be supported by objective measures of cardiac dysfunction
at rest or during exercise. The diagnosis of HFpEF requires the fol-
lowing conditions to be fulfilled (see Table 3.1):

† The presence of symptoms and/or signs of HF (see Table 4.1)
† A ‘preserved’ EF (defined as LVEF ≥50% or 40–49% for

HFmrEF)
† Elevated levels of NPs (BNP .35 pg/mL and/or NT-proBNP

.125 pg/mL)
† Objective evidence of other cardiac functional and structural al-

terations underlying HF (for details, see below)

Table 4.1 Symptoms and signs typical of heart failure

Symptoms Signs

Typical

Breathlessness
Orthopnoea
Paroxysmal nocturnal dyspnoea
Reduced exercise tolerance
Fatigue, tiredness, increased time 
to recover after exercise
Ankle swelling

Elevated jugular venous pressure

Third heart sound (gallop rhythm)
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Less typical

Nocturnal cough
Wheezing
Bloated feeling
Loss of appetite
Confusion (especially in the 
elderly)
Depression
Palpitations
Dizziness
Syncope
Bendopnea53

Weight gain (>2 kg/week)
Weight loss (in advanced HF)
Tissue wasting (cachexia)
Cardiac murmur
Peripheral oedema (ankle, sacral, 
scrotal)
Pulmonary crepitations
Reduced air entry and dullness to 
percussion at lung bases (pleural 
effusion)
Tachycardia
Irregular pulse
Tachypnoea 
Cheyne Stokes respiration 
Hepatomegaly
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Cold extremities
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Symptoms of HF

2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure



Signs of HF

B-type natriuretic peptide (BNP) is 35 pg/mL and for N-terminal
pro-BNP (NT-proBNP) it is 125 pg/mL; in the acute setting, higher
values should be used [BNP , 100 pg/mL, NT-proBNP , 300 pg/
mL and mid-regional pro A-type natriuretic peptide (MR-proANP)
, 120 pmol/L]. Diagnostic values apply similarly to HFrEF and
HFpEF; on average, values are lower for HFpEF than for HFrEF.54,55

At the mentioned exclusionary cut-points, the negative predictive
values are very similar and high (0.94–0.98) in both the non-acute
and acute setting, but the positive predictive values are lower
both in the non-acute setting (0.44–0.57) and in the acute setting
(0.66–0.67).54,56 – 61 Therefore, the use of NPs is recommended
for ruling-out HF, but not to establish the diagnosis.

There are numerous cardiovascular and non-cardiovascular
causes of elevated NPs that may weaken their diagnostic utility in
HF. Among them, AF, age and renal failure are the most important
factors impeding the interpretation of NP measurements.55 On the
other hand, NP levels may be disproportionally low in obese pa-
tients62 (see also Section 12.2 and Table 12.3).

An abnormal electrocardiogram (ECG) increases the likelihood
of the diagnosis of HF, but has low specificity.18,46,63,64 Some abnor-
malities on the ECG provide information on aetiology (e.g. myocar-
dial infarction), and findings on the ECG might provide indications
for therapy (e.g. anticoagulation for AF, pacing for bradycardia,
CRT if broadened QRS complex) (see Sections 8 and 10). HF is un-
likely in patients presenting with a completely normal ECG (sensitiv-
ity 89%).43 Therefore, the routine use of an ECG is mainly
recommended to rule out HF.

Echocardiography is the most useful, widely available test in pa-
tients with suspected HF to establish the diagnosis. It provides im-
mediate information on chamber volumes, ventricular systolic and
diastolic function, wall thickness, valve function and pulmonary
hypertension.65 – 74 This information is crucial in establishing the
diagnosis and in determining appropriate treatment (see Sections
5.2–5.4 for details on echocardiography).

The information provided by careful clinical evaluation and the
above mentioned tests will permit an initial working diagnosis and
treatment plan in most patients. Other tests are generally required
only if the diagnosis remains uncertain (e.g. if echocardiographic
images are suboptimal or an unusual cause of HF is suspected)
(for details see Sections 5.5–5.10).

4.3 Algorithm for the diagnosis of heart
failure
4.3.1 Algorithm for the diagnosis of heart failure in the
non-acute setting
An algorithm for the diagnosis of HF in the non-acute setting is
shown in Figure 4.1. The diagnosis of HF in the acute setting is
discussed in Section 12.

For patients presenting with symptoms or signs for the first time,
non-urgently in primary care or in a hospital outpatient clinic
(Table 4.1), the probability of HF should first be evaluated based
on the patient’s prior clinical history [e.g. coronary artery disease
(CAD), arterial hypertension, diuretic use], presenting symptoms
(e.g. orthopnoea), physical examination (e.g. bilateral oedema, in-
creased jugular venous pressure, displaced apical beat) and resting
ECG. If all elements are normal, HF is highly unlikely and other diag-
noses need to be considered. If at least one element is abnormal,
plasma NPs should be measured, if available, to identify those
who need echocardiography (an echocardiogram is indicated if
the NP level is above the exclusion threshold or if circulating NP
levels cannot be assessed).55 –60,75– 78

4.3.2 Diagnosis of heart failure with preserved ejection
fraction
The diagnosis of HFpEF remains challenging. LVEF is normal and
signs and symptoms for HF (Table 4.1) are often non-specific and
do not discriminate well between HF and other clinical conditions.
This section summarizes practical recommendations necessary for
proper diagnosis of this clinical entity in clinical practice.

The diagnosis of chronic HFpEF, especially in the typical elderly
patient with co-morbidities and no obvious signs of central fluid
overload, is cumbersome and a validated gold standard is missing.
To improve the specificity of diagnosing HFpEF, the clinical diagnosis
needs to be supported by objective measures of cardiac dysfunction
at rest or during exercise. The diagnosis of HFpEF requires the fol-
lowing conditions to be fulfilled (see Table 3.1):

† The presence of symptoms and/or signs of HF (see Table 4.1)
† A ‘preserved’ EF (defined as LVEF ≥50% or 40–49% for

HFmrEF)
† Elevated levels of NPs (BNP .35 pg/mL and/or NT-proBNP

.125 pg/mL)
† Objective evidence of other cardiac functional and structural al-

terations underlying HF (for details, see below)

Table 4.1 Symptoms and signs typical of heart failure

Symptoms Signs

Typical

Breathlessness
Orthopnoea
Paroxysmal nocturnal dyspnoea
Reduced exercise tolerance
Fatigue, tiredness, increased time 
to recover after exercise
Ankle swelling

Elevated jugular venous pressure

Third heart sound (gallop rhythm)
Laterally displaced apical impulse

Less typical

Nocturnal cough
Wheezing
Bloated feeling
Loss of appetite
Confusion (especially in the 
elderly)
Depression
Palpitations
Dizziness
Syncope
Bendopnea53

Weight gain (>2 kg/week)
Weight loss (in advanced HF)
Tissue wasting (cachexia)
Cardiac murmur
Peripheral oedema (ankle, sacral, 
scrotal)
Pulmonary crepitations
Reduced air entry and dullness to 
percussion at lung bases (pleural 
effusion)
Tachycardia
Irregular pulse
Tachypnoea 
Cheyne Stokes respiration 
Hepatomegaly
Ascites
Cold extremities
Oliguria
Narrow pulse pressure

HF ¼ heart failure.
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B-type natriuretic peptide (BNP) is 35 pg/mL and for N-terminal
pro-BNP (NT-proBNP) it is 125 pg/mL; in the acute setting, higher
values should be used [BNP , 100 pg/mL, NT-proBNP , 300 pg/
mL and mid-regional pro A-type natriuretic peptide (MR-proANP)
, 120 pmol/L]. Diagnostic values apply similarly to HFrEF and
HFpEF; on average, values are lower for HFpEF than for HFrEF.54,55

At the mentioned exclusionary cut-points, the negative predictive
values are very similar and high (0.94–0.98) in both the non-acute
and acute setting, but the positive predictive values are lower
both in the non-acute setting (0.44–0.57) and in the acute setting
(0.66–0.67).54,56 – 61 Therefore, the use of NPs is recommended
for ruling-out HF, but not to establish the diagnosis.

There are numerous cardiovascular and non-cardiovascular
causes of elevated NPs that may weaken their diagnostic utility in
HF. Among them, AF, age and renal failure are the most important
factors impeding the interpretation of NP measurements.55 On the
other hand, NP levels may be disproportionally low in obese pa-
tients62 (see also Section 12.2 and Table 12.3).

An abnormal electrocardiogram (ECG) increases the likelihood
of the diagnosis of HF, but has low specificity.18,46,63,64 Some abnor-
malities on the ECG provide information on aetiology (e.g. myocar-
dial infarction), and findings on the ECG might provide indications
for therapy (e.g. anticoagulation for AF, pacing for bradycardia,
CRT if broadened QRS complex) (see Sections 8 and 10). HF is un-
likely in patients presenting with a completely normal ECG (sensitiv-
ity 89%).43 Therefore, the routine use of an ECG is mainly
recommended to rule out HF.

Echocardiography is the most useful, widely available test in pa-
tients with suspected HF to establish the diagnosis. It provides im-
mediate information on chamber volumes, ventricular systolic and
diastolic function, wall thickness, valve function and pulmonary
hypertension.65 – 74 This information is crucial in establishing the
diagnosis and in determining appropriate treatment (see Sections
5.2–5.4 for details on echocardiography).

The information provided by careful clinical evaluation and the
above mentioned tests will permit an initial working diagnosis and
treatment plan in most patients. Other tests are generally required
only if the diagnosis remains uncertain (e.g. if echocardiographic
images are suboptimal or an unusual cause of HF is suspected)
(for details see Sections 5.5–5.10).

4.3 Algorithm for the diagnosis of heart
failure
4.3.1 Algorithm for the diagnosis of heart failure in the
non-acute setting
An algorithm for the diagnosis of HF in the non-acute setting is
shown in Figure 4.1. The diagnosis of HF in the acute setting is
discussed in Section 12.

For patients presenting with symptoms or signs for the first time,
non-urgently in primary care or in a hospital outpatient clinic
(Table 4.1), the probability of HF should first be evaluated based
on the patient’s prior clinical history [e.g. coronary artery disease
(CAD), arterial hypertension, diuretic use], presenting symptoms
(e.g. orthopnoea), physical examination (e.g. bilateral oedema, in-
creased jugular venous pressure, displaced apical beat) and resting
ECG. If all elements are normal, HF is highly unlikely and other diag-
noses need to be considered. If at least one element is abnormal,
plasma NPs should be measured, if available, to identify those
who need echocardiography (an echocardiogram is indicated if
the NP level is above the exclusion threshold or if circulating NP
levels cannot be assessed).55 –60,75– 78

4.3.2 Diagnosis of heart failure with preserved ejection
fraction
The diagnosis of HFpEF remains challenging. LVEF is normal and
signs and symptoms for HF (Table 4.1) are often non-specific and
do not discriminate well between HF and other clinical conditions.
This section summarizes practical recommendations necessary for
proper diagnosis of this clinical entity in clinical practice.

The diagnosis of chronic HFpEF, especially in the typical elderly
patient with co-morbidities and no obvious signs of central fluid
overload, is cumbersome and a validated gold standard is missing.
To improve the specificity of diagnosing HFpEF, the clinical diagnosis
needs to be supported by objective measures of cardiac dysfunction
at rest or during exercise. The diagnosis of HFpEF requires the fol-
lowing conditions to be fulfilled (see Table 3.1):

† The presence of symptoms and/or signs of HF (see Table 4.1)
† A ‘preserved’ EF (defined as LVEF ≥50% or 40–49% for

HFmrEF)
† Elevated levels of NPs (BNP .35 pg/mL and/or NT-proBNP

.125 pg/mL)
† Objective evidence of other cardiac functional and structural al-

terations underlying HF (for details, see below)

Table 4.1 Symptoms and signs typical of heart failure

Symptoms Signs

Typical

Breathlessness
Orthopnoea
Paroxysmal nocturnal dyspnoea
Reduced exercise tolerance
Fatigue, tiredness, increased time 
to recover after exercise
Ankle swelling

Elevated jugular venous pressure

Third heart sound (gallop rhythm)
Laterally displaced apical impulse

Less typical

Nocturnal cough
Wheezing
Bloated feeling
Loss of appetite
Confusion (especially in the 
elderly)
Depression
Palpitations
Dizziness
Syncope
Bendopnea53

Weight gain (>2 kg/week)
Weight loss (in advanced HF)
Tissue wasting (cachexia)
Cardiac murmur
Peripheral oedema (ankle, sacral, 
scrotal)
Pulmonary crepitations
Reduced air entry and dullness to 
percussion at lung bases (pleural 
effusion)
Tachycardia
Irregular pulse
Tachypnoea 
Cheyne Stokes respiration 
Hepatomegaly
Ascites
Cold extremities
Oliguria
Narrow pulse pressure

HF ¼ heart failure.
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2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure



Biomarkers Indications for Use

*Other biomarkers of injury or fibrosis include soluble ST2 receptor, galectin-3, and high-sensitivity troponin.
ACC indicates American College of Cardiology; AHA, American Heart Association; ADHF, acute decompensated heart failure; 
BNP, B-type natriuretic peptide; COR, Class of Recommendation; ED, emergency department; HF, heart failure; NT-proBNP, N-
terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; and pts, patients.



Figure 4.1 Diagnostic algorithm for a diagnosis of heart failure of non-acute onset
BNP ¼ B-type natriuretic peptide; CAD ¼ coronary artery disease; HF ¼ heart failure; MI ¼ myocardial infarction; NT-proBNP ¼ N-terminal
pro-B type natriuretic peptide.
aPatient reporting symptoms typical of HF (see Table 4.1).
bNormal ventricular and atrial volumes and function.
cConsider other causes of elevated natriuretic peptides (Table 12.3).
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2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure



Sodium restriction

• Association between sodium intake and hypertension, 
LV hypertrophy, and CVD

• AHA recommendation for restriction of sodium to 1,500 
mg/d appears to be appropriate for most patients with 
stage A and B HF.

• Patients with stage C and D HF, currently there are 
insufficient data to endorse any specific level of sodium 
intake, clinicians should consider some degree (eg, <3 g/
d) of sodium restriction in patients with stage C and D 
HF for symptom improvement.



Weight loss

✤ Obesity is defined as a BMI ≥30 kg/m2

✤ Morbidly obese patients may have worse outcomes

✤ Patients with HF who have a BMI between 30-35 
kg/m2 have lower mortality & hospitalization rates 
than those with a BMI in the normal range.

✤ Cardiac cachexia independently predicts a worse 
prognosis

✤ Symptomatic improvement after weight reduction 
in obese patients with HF



Activity, exercise prescription, and 
cardiac rehabilitation

Class I

✤  Exercise training (or regular physical activity) is recommended as 
safe and effective for patients with HF who are able to participate to 
improve functional status. (Level of Evidence: A)

Class IIa

✤ Cardiac rehabilitation can be useful in clinically stable patients 
with HF to improve functional capacity, exercise duration, 
HRQOL, and mortality. (Level of Evidence: B)

2013 ACCF/AHA Guideline for the Management of Heart Failure.Circulation. 2013;128:e240-e327.



Figure 7.1 Therapeutic algorithm for a patient with symptomatic heart failure with reduced ejection fraction. Green indicates a class I recom-
mendation; yellow indicates a class IIa recommendation. ACEI ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker;
ARNI ¼ angiotensin receptor neprilysin inhibitor; BNP ¼ B-type natriuretic peptide; CRT ¼ cardiac resynchronization therapy; HF ¼ heart fail-
ure; HFrEF ¼ heart failure with reduced ejection fraction; H-ISDN ¼ hydralazine and isosorbide dinitrate; HR ¼ heart rate; ICD ¼ implantable
cardioverter defibrillator; LBBB ¼ left bundle branch block; LVAD ¼ left ventricular assist device; LVEF ¼ left ventricular ejection fraction; MR ¼
mineralocorticoid receptor; NT-proBNP ¼ N-terminal pro-B type natriuretic peptide; NYHA ¼ New York Heart Association; OMT ¼ optimal
medical therapy; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia. aSymptomatic ¼ NYHA Class II-IV. bHFrEF ¼ LVEF ,40%. cIf ACE
inhibitor not tolerated/contra-indicated, use ARB. dIf MR antagonist not tolerated/contra-indicated, use ARB. eWith a hospital admission for
HF within the last 6 months or with elevated natriuretic peptides (BNP . 250 pg/ml or NTproBNP . 500 pg/ml in men and 750 pg/ml in women).
fWith an elevated plasma natriuretic peptide level (BNP ≥ 150 pg/mL or plasma NT-proBNP ≥ 600 pg/mL, or if HF hospitalization within recent
12 months plasma BNP ≥ 100 pg/mL or plasma NT-proBNP ≥ 400 pg/mL). gIn doses equivalent to enalapril 10 mg b.i.d. hWith a hospital admis-
sion for HF within the previous year. iCRT is recommended if QRS ≥ 130 msec and LBBB (in sinus rhythm). jCRT should/may be considered if
QRS ≥ 130 msec with non-LBBB (in a sinus rhythm) or for patients in AF provided a strategy to ensure bi-ventricular capture in place (individua-
lized decision). For further details, see Sections 7 and 8 and corresponding web pages.
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Yancy et al

August 8, 2017 Circulation. 2017;136:e137–e161. DOI: 10.1161/CIR.0000000000000509e146

7.3.3. Pharmacological Treatment for Stage C HFpEF: Recommendations

Recommendations for Stage C HFpEF
COR LOE Recommendations Comment/Rationale

I B
Systolic and diastolic blood pressure should be controlled in patients 
with HFpEF in accordance with published clinical practice guidelines to 
prevent morbidity.164,165

2013 recommendation remains current.

I C
Diuretics should be used for relief of symptoms due to volume overload 
in patients with HFpEF.

2013 recommendation remains current.

IIa C
Coronary revascularization is reasonable in patients with CAD in whom 
symptoms (angina) or demonstrable myocardial ischemia is judged to be 
having an adverse effect on symptomatic HFpEF despite GDMT.

2013 recommendation remains current.

IIa C
Management of AF according to published clinical practice guidelines in 
patients with HFpEF is reasonable to improve symptomatic HF.

2013 recommendation remains current (Section 
9.1 in the 2013 HF guideline).

IIa C
The use of beta-blocking agents, ACE inhibitors, and ARBs in patients 
with hypertension is reasonable to control blood pressure in patients 
with HFpEF.

2013 recommendation remains current.

Figure 2. Treatment of HFrEF Stage C and D.
Colors correspond to COR in Table 1. For all medical therapies, dosing should be optimized and serial assessment exercised. 
*See text for important treatment directions. †Hydral-Nitrates green box: The combination of ISDN/HYD with ARNI has not 
been robustly tested. BP response should be carefully monitored. ‡See 2013 HF guideline.9 §Participation in investigational 
studies is also appropriate for stage C, NYHA class II and III HF. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, 
angiotensin receptor-blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BP, blood pressure; bpm, beats per minute; C/I, 
contraindication; COR, Class of Recommendation; CrCl, creatinine clearance; CRT-D, cardiac resynchronization therapy–device; 
Dx, diagnosis; GDMT, guideline-directed management and therapy; HF, heart failure; HFrEF, heart failure with reduced ejection 
fraction; ICD, implantable cardioverter-defibrillator; ISDN/HYD, isosorbide dinitrate hydral-nitrates; K+, potassium; LBBB, left 
bundle-branch block; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSR, 
normal sinus rhythm; and NYHA, New York Heart Association.
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represent distinct disease entities, or similar processes along one
disease continuum.22 –25 In fact, recent data suggest that LVEF may
decline over time even in patients with HF-PEF.26 This issue
becomes even more apparent when patients within the ‘grey zone’
of LVEF (i.e. 40–50%) are considered. To avoid mixing overt systolic
dysfunction and HF-PEF, a higher threshold (LVEF ≥50%) should be
used for future clinical trials. Others have argued that the syndrome
referred to as HF-PEF represents either normal ageing, or vascular
and renal dysfunction.23,27

Irrespective of specific diagnostic criteria and cut-offs, HF-PEF is a
syndromaldiseasewheremultiple cardiacandvascularabnormalities,
cardiovascular risk factors, and overlapping extracardiac comorbid-
ities may be present in various combinations (Figure 1).

In many disciplines of medicine, targeted therapy is the key to
success. For example, breast cancer or haematological disorders
use phenotyping strategies that include genetic testing, novel biomar-
kers, or histology for matching specific therapies to patient sub-
groups. Matching treatment strategies to a specific patient’s
phenotype in HF-PEF is a promising approach that warrants testing
in clinical trials and may increase the likelihood of demonstrating clin-
ical benefit (Figure 2). Targeting specificphenotypes insteadof follow-
ing the ‘one-size-fits-all’ approach becomes increasingly important in
light of several failed, non-targeted, large-scale HF-PEF trials.

Targeting the diastolic dysfunction
phenotype
Diastolic dysfunction is a dominant feature in many HF-PEF patients,
and many factors contribute to diastolic dysfunction, including
both vascular and myocardial stiffening. Generalized stiffening
that occurs throughout the cardiovascular system due to ageing
or comorbidities interferes with the forces that are normally

developed during systole that produce ventricular suction, and
thus, reduces early diastolic filling. Left ventricular diastolic dysfunc-
tion may be related to extracellular matrix changes, changes in
intrinsic myocyte stiffness, microvascular dysfunction, and metabolic
abnormalities.

Modulation of myocyte passive diastolic stiffness
Alterations within myocytes increase their intrinsic diastolic stiffness.
Titin is a giant cytoskeletal structural protein expressed in sarco-
meres that functions as a molecular ‘spring’, storing energy during
contraction and releasing this energy during relaxation. Stiffer titin
increases diastolic myocyte stiffness. The expression of titin isoforms
differs between patients with HF-REF and HF-PEF, with a lower ratio
of the compliant (N2BA) isoform to the stiff (N2B) isoform in
patients with HF-PEF.28 Phosphorylation of the N2B isoform by
proteinkinaseAor protein kinase G(PKG) decreases cardiomyocyte
resting stiffness.28–33 Protein kinase G is activatedby cyclic guanosine
monophosphate (cGMP); therapies that increase cGMP may de-
crease myocardial diastolic stiffness in HF-PEF. This observation pro-
vides a compelling rationale to pharmacologically modulate this
pathway in HF-PEF patients (Figure 3).34 Cyclic guanosine monopho-
sphate levels can be increased by preventing breakdown (PDE5 inhi-
bitors) or stimulating their production (cGMP stimulators). In fact,
orally active soluble guanylate cyclase (sGC) stimulators (e.g. rioci-
guat) have been developed, and both approaches are under clinical
testing (Table 3).

Phosphodiesterase-5 inhibition
Cyclic guanosine monophosphate is catabolized by phosphodies-
terases, and phosphodiesterase-5 (PDE5) inhibitors prevent the hy-
drolysis of cGMP, thereby indirectly raising cGMP levels. It has been
hypothesized that PDE5 inhibitors may improve diastolic function

Figure 1 Heterogeneity of the heart failure with preserved ejection fraction syndrome. BP, blood pressure; COPD, chronic obstructive pulmon-
ary disease; EF, ejection fraction.
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Heterogeneity of the HFpEF syndrome

HFpEF has a complex pathophysiology and remains a therapeutic challenge



IIa C

Coronary revascularization is 
reasonable in patients with CAD in 
whom symptoms (angina) or 
demonstrable myocardial ischemia is 
judged to be having an adverse effect 
on symptomatic HFpEF despite GDMT.

2013 
recommendation 
remains current.

IIa C

Management of AF according to 
published clinical practice guidelines in 
patients with HFpEF is reasonable to 
improve symptomatic HF.

2013 
recommendation 
remains current.

COR LOE Recommendations Comment/
Rationale

Pharmacological Treatment for Stage C HF 
With Preserved EF

IIa C

The use of beta-blocking agents, ACE 
inhibitors, and ARBs in patients with 
hypertension is reasonable to control 
blood pressure in patients with HFpEF.

2013 
recommendation 
remains current.



Pharmacological Treatment for Stage C HF 
With Preserved EF

I B

Systolic and diastolic blood pressure 
should be controlled in patients with 
HFpEF in accordance with published 
clinical practice guidelines to prevent 
morbidity

2013 
recommendation 
remains current.

I C
Diuretics should be used for relief of 
symptoms due to volume overload in 
patients with HFpEF.

2013 
recommendation 
remains current.

COR LOE Recommendations Comment/
Rationale



Heart failure and co-morbidities

• Hypertension 

• Ischemic heart disease 

• Hyperlipidemia 

• Diabetes 

• Anemia 

• Atrial fibrillation 

• Chronic kidney disease 

• OSA/Sleep disturbance 

• COPD/Asthma 

• Arthritis/Gout 

• Obesity 

• Depression 

• Dementia 

• Cancer 

• Erectile dysfunction 

• Prostatic obstruction
European Journal of Heart Failure (2012) 14, 803-869 



Anemia

COR LOE Recommendations Comment/
Rationale

IIb B-R

In patients with NYHA class II and III 
HF and iron deficiency (ferritin <100 
ng/mL or 100 to 300 ng/mL if 
transferrin saturation is <20%), 
intravenous iron replacement might 
be reasonable to improve functional 
status and QoL.

NEW: New evidence 
consistent with 
therapeutic benefit.

III: No 
Benefit B-R

In patients with HF and anemia, 
erythropoietin-stimulating agents 
should not be used to improve 
morbidity and mortality.

NEW: Current 
recommendation 
reflects new 
evidence 
demonstrating 
absence of 
therapeutic benefit.



Hypertension

COR LOE Recommendations Comment/
Rationale

Treating Hypertension in Stage C HFrEF

I C-EO

Patients with HFrEF and 
hypertension should be prescribed 
GDMT titrated to attain systolic 
blood pressure less than 130 mm 
Hg.  

NEW: 
Recommendation has 
been adapted from 
recent clinical trial data 
but not specifically 
tested per se in a 
randomized trial of 
patients with HF.



Hypertension

COR LOE Recommendations Comment/
Rationale

Treating Hypertension in Stage C HFpEF

I C-LD

Patients with HFpEF and 
persistent hypertension after 
management of volume overload 
should be prescribed GDMT 
titrated to attain systolic blood 
pressure less than 130 mm Hg.

NEW: New target goal 
blood pressure based 
on updated 
interpretation of recent 
clinical trial data. 



Sleep Disorders
COR LOE Recommendations Comment/

Rationale

IIa C-LD

In patients with NYHA class II–IV 
HF and suspicion of sleep 
disordered breathing or excessive 
daytime sleepiness, a formal sleep 
assessment is reasonable. 

NEW: Recommendation 
reflects clinical 
necessity to distinguish 
obstructive versus 
central sleep apnea. 

IIb B-R

In patients with cardiovascular 
disease and obstructive sleep 
apnea, CPAP may be reasonable 
to improve sleep quality and 
daytime sleepiness.

NEW: New data 
demonstrate the limited 
scope of benefit 
expected from CPAP for 
obstructive sleep 
apnea. 

III: 
Harm B-R

In patients with NYHA class II–IV 
HFrEF and central sleep apnea, 
adaptive servo-ventilation causes 
harm.

NEW: New data 
demonstrate a signal of 
harm when adaptive 
servo-ventilation is used 
for central sleep apnea. 



GLP-1 ANALOGUES

SULFONYLUREA

INSULIN

THIAZOLIDINEDIONE

Increased risk worsening HF 
(use with caution)

Increased risk worsening HF & hospitalization 
(not recommended in patients with HF)

METFORMIN Safe and effective

SGLT2 INHIBITOR Reduction of CV mortality and 
HF hospitalizations

DPP-4 INHIBITORS Do not reduce of CV mortality, 
associated with increased risk of HF

Reduction of CV mortality
neutral hazardous or beneficial for heart failure



European Heart Journal (2013) 34, 416–418

Complexity 
of HF care



suggested that mortality and readmission rates may even be
inversely related.63 Eliminating all heart failure hospitaliza-
tions is clearly not the goal, because hospital admission can
often provide both the opportunity to redesign care and

durable improvements in quality of life.64 If disincentives for
hospitalization are too severe, unintended consequences may
include competition for the lowest-risk patients, or delayed
hospitalization of high-risk patients. It will be necessary to
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Figure 2. Models of HF care. The first panel reflects the traditional model of the ambulatory heart failure clinic as a focal point for inter-
mittent assessment and chronic heart failure management. The second panel reflects a reengineered ambulatory heart failure treatment
center with tighter linkage to home surveillance and options for active treatment as an alternative to hospitalization. HF indicates heart
failure; ED, emergency department.
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Figure 3. Variables in design of disease
management strategies. Conception of
how the optimal strategy for heart failure
management could vary depending on the
care setting, patient capacity for self-
management phase or severity of disease,
and measured outcomes (adapted from
Desai et al51). QOL indicates quality of life.
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Variables in design of disease management strategies. 



The goals of the HF clinic 

• Intensive patient education 

• Optimization of drug therapy & evidence-based guideline- 
recommended therapy 

• Specialized follow-up with early recognition of problems 

• Identification and management of patients’ comorbidities

 Fonarow GC. Impact of a comprehensive heart failure management program on hospital readmission and functional status of patients with advanced heart failure. J Am Coll Cardiol. 1997;30:725–732.

HF clinic involving specialty care & 
a multidisciplinary team



1.Using a team approach
2.Providing in-hospital and out-hospital care
3.IncIuding discharge planning
4.Using education and counselling strategies, which focus 
on promoting self-care and teaching behavioural strategies
5.Optimizing medical therapy
6.Prescribing flexible diuretic regimen
7.Directing close attentions to clinical deterioration
8.Providing vigilant follow-up
9.Enhancing access to health care

The European Society of Cardiology (ESC) guidelines recommend 
the key characteristics of a heart failure DMP as



European Heart Journal (2013) 34, 416–418

Complexity of 
heart failure care



Self-care regimen for HF patient

Patient need to understand how to


 Monitor their symptoms


 Weight fluctuations


 Restrict there sodium intake


 Take their medications as prescribed


 Stay physically active
2013 ACCF/AHA Guideline for the Management of Heart Failure.Circulation. 2013;128:e240-e327.


