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Heart Failure 
Definitions



HF
•Hypertension

•Valve and myocardium structural defects

•Pericardial & endomyocardial 
pathologies

•High output states

•Volume overload

•Ischemic heart disease

•Toxic damage

•Immune-mediated & inflammatory 
damage

•Infiltration

•Metabolic derangements

•Genetic abnormalities

HF definitions in contemporary clinical practice guidelines 
ESC 

(2016)

HF is a clinical syndrome characterized by typical symptoms (e.g. breathlessness, ankle swelling and 
fatigue) that may be accompanied by signs (e.g. elevated jugular venous pressure, pulmonary crackles and 
peripheral oedema) caused by a structural and/or functional cardiac abnormality, resulting in reduced 
cardiac output and/or elevated intracardiac pressures at rest or during stress.  

JCS/JHFS 
(2017)

HF is a clinical syndrome consisting of dyspnoea, malaise, swelling and/or decreased exercise capacity 
due to the loss of compensation for cardiac pumping function due to structural and/or functional 
abnormalities of the heart.  

Diseased Myocardium Abnormal loading condition

• Tachyarrhythmias

• Bradyarrhythmias

Arrhythmias



CHF outcomes
Sudden death, progressive pump failure, symptoms

Neurohormones
↑ SNS activity
↑ RAAS
↑ Endothelin
↑ ANP/BNP
↑ Cytokines

Endothelium
• Vasoconstriction
• NOS/ROS
• Cytokines
• Structural change

Secondary 
Myocardial Effects
• LV remodelling
• Contractility
• Hypertrophy
• Apoptosis
• Cytokines
• Fibrosis
• NOS/ROS
• Electrophysiology

Pathophysiology of Heart Failure



ACC/AHA Stage of HF

May 3, 2022 Circulation. 2022;145:e895–e1032. DOI: 10.1161/CIR.0000000000001063e904

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

Heidenreich et al 2022 AHA/ACC/HFSA Heart Failure Guideline

natriuretic peptide, noninvasive/invasive hemody-
namic measurement) to the classifications of HFm-
rEF and HFpEF (Table 4).

The “2013 ACCF/AHA Guideline for the Man-
agement of Heart Failure”1 has used the HFpEF-
improved terminology for those whose EF improved 
from a lower level to EF >40% under the subgroup-
ing of patients with HFpEF. Others have proposed a 

working definition of HF-recovered EF that included a 
baseline LVEF ≤40%, a ≥10% increase from baseline 
LVEF, and a second measurement of LVEF >40%.3 
Although associated with better outcomes, improve-
ment in LVEF does not mean full myocardial recov-
ery or normalization of LV function. In most patients, 
cardiac structural abnormalities, such as LV cham-
ber dilatation and ventricular systolic and diastolic 

Figure 1. ACC/AHA Stages of HF.
The ACC/AHA stages of HF are shown. ACC indicates American College of Cardiology; AHA, American Heart Association; CVD, cardiovascular 
disease; GDMT, guideline-directed medical therapy; and HF, heart failure.

Table 3. Stages of HF

Stages Definition and Criteria

Stage A: At Risk for HF At risk for HF but without symptoms, structural heart disease, or cardiac biomarkers of stretch or injury (eg, patients with 
hypertension, atherosclerotic CVD, diabetes, metabolic syndrome and obesity, exposure to cardiotoxic agents, genetic 
variant for cardiomyopathy, or positive family history of cardiomyopathy).

Stage B: Pre-HF No symptoms or signs of HF and evidence of 1 of the following:

Structural heart disease*
  Reduced left or right ventricular systolic function

  Reduced ejection fraction, reduced strain
  Ventricular hypertrophy
  Chamber enlargement
  Wall motion abnormalities
  Valvular heart disease

Evidence for increased filling pressures*
  By invasive hemodynamic measurements
  By noninvasive imaging suggesting elevated filling pressures (eg, Doppler echocardiography)

Patients with risk factors and
  Increased levels of BNPs* or
  Persistently elevated cardiac troponin
in the absence of competing diagnoses resulting in such biomarker elevations such as acute coronary syndrome, CKD, 
pulmonary embolus, or myopericarditis

Stage C: Symptomatic HF Structural heart disease with current or previous symptoms of HF.

Stage D: Advanced HF Marked HF symptoms that interfere with daily life and with recurrent hospitalizations despite attempts to optimize GDMT.

BNP indicates B-type natriuretic peptide; CKD, chronic kidney disease; CVD, cardiovascular disease; GDMT, guideline-directed medical therapy; and HF, heart failure.
*For thresholds of cardiac structural, functional changes, elevated filling pressures, and biomarker elevations, refer to Appendix 3.
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1. Web Tables

Web Table 3.3 ACCF/AHA stages of heart failure

ACCF/AHA ! American College of Cardiology Foundation/American Heart
Association; HF ! heart failure.

Web Table 3.5 Markers of worse prognosis in patients with heart failure

Demographic data Older age, male sex, low socio-economic status.

Severity of heart failure Advanced NYHA Class, longer HF duration, reduced peak oxygen consumption, high VE-VCO2 slope,
Cheyne–Stoke ventilation, short 6-minute walking distance, reduced muscle strength, poor quality of life.

Clinical status
oedema, jugular venous dilatation, hepatomegaly), clinical features of peripheral hypoperfusion, body wasting, frailty.

Myocardial remodeling and severity 
of heart dysfunction LV hypertrophy, left atrial dilatation, RV dysfunction, pulmonary hypertension, dyssynchrony, vast area of hypo/akinesis, 

Biomarkers of neurohormonal 
activation

Low sodium, high natriuretic peptides, high plasma renin activity, high aldosterone and catecholamines, high endothelin-1, 
high adrenomedullin, high vasopressin.

Other biomarkers
collagen markers, markers of organ damage/dysfunction. 

Genetic testing (see section 5.10.1) Certain mutations in inherited cardiomyopathies associated with high-risk of sudden cardiac death or rapid HF progression.

Cardiovascular co-morbidities
arterial disease.

Non-cardiovascular co-morbidities

Non-adherence Non-adherence with recommended HF treatment.

Clinical events HF hospitalization, aborted cardiac arrest, ICD shocks.

CMR=cardiac magnetic resonance; COPD = chronic obstructive pulmonary disease; HF = heart failure; ICD = implantable cardioverter defibrillator; LV = left ventricular;
LVEF = left ventricular ejection fraction; NYHA = New York Heart Association; QRS = Q, R, and S waves (combination of three of the graphical deflections); RV = right ventricular;
TIA = transient ischaemic attack; VE-VCO2 = ventilatory equivalent ratio for carbon dioxide.

Web Table 3.2 New York Heart Association
functional classification based on severity of symptoms
and physical activity

ESC Guidelines Page 3 of 17

New York Heart Association functional classification based 
on severity of symptoms and physical activity



Stage A 
High risk for HF, without 
structural heart disease

HF

when significant physical frailty or comorbidities predomi-
nate, the major focus of care is palliation, but some HF
therapies remain important. Heart failure differs from can-
cer in which potentially curative treatments are discontinued as
the patient reaches the end stage.

Communication and decision making between clinicians
and patients about therapies and devices must also be
integrated into comprehensive HF care. Education and
discussions ideally occur over time linked to what the
patient values, and may require refreshing or revision at
turning points in the patient’s course.
Who should provide palliative care? Primary care clini-
cians provide the majority of HF care, thus they must ally
with expert HF and palliative care clinicians to provide
comprehensive HF care. All cardiologists and HF specialists
should align with other disciplines to provide comprehen-
sive HF care.

In large centers, palliative care might be provided by a
specific interdisciplinary team that focuses on relief of
suffering (physical, psychosocial, and spiritual) distinct from
and in addition to HF care. In general, however, creating a
dichotomy with palliative care as a supplement to life-
prolonging management is inappropriate to HF (6). Rather,
comprehensive management of HF should integrate pallia-
tive or supportive care with the evidence-based medications,
devices, and surgeries that intend to address HF pathophys-
iology, precisely because the physical and psychiatric distress
and social issues are intertwined with HF pathophysiology.
Therapies addressing HF pathophysiology that improve
survival and cardiac function simultaneously palliate HF-
related symptoms.
Etiology of symptoms in HF. Heart failure patients expe-
rience symptoms of fatigue and lack of energy, dyspnea,

depression, pain, and cognitive
impairment, among other prob-
lems (7). The etiology of HF
symptoms is complex and in-
completely understood. Al-
though most patients have wors-
ened dyspnea with episodes of
volume overload, HF-related
dyspnea and exertional fatigue
are not directly related to pulmo-
nary capillary wedge pressure or
cardiac output, rather to broader,
systemic effects of HF, including
generalized myopathy (8). Some
symptoms may overlap with co-
morbid problems, which are par-
ticularly prevalent in older indi-
viduals with HF (9). Symptoms
reported by HF patients are sig-
nificantly impacted by depression and by the patients’
perceived control over their condition (10).

Symptoms have been studied primarily in HF due to left
ventricular systolic dysfunction (LVSD). Similar pathologic
abnormalities in inflammatory and neuroendocrine func-
tion are seen in heart failure with normal ejection fraction
(HFnEF, also called “preserved systolic function” and
“diastolic dysfunction”).

Figure 2 schematically presents the pathophysiologic
changes of HF and their relation to symptoms. Regardless
of etiology, HF is characterized by alterations in the
renin-angiotensin-aldosterone, sympathetic, and other hor-
monal systems, resulting in a catabolic state (11). Proin-
flammatory cytokines are activated in HF, leading to insulin

Abbreviations
and Acronyms

CPAP ! continuous
positive airway pressure

ESAS ! Edmonton
Symptom Assessment
System

HF ! heart failure

HFnEF ! heart failure with
normal ejection fraction

LVSD ! left ventricular
systolic dysfunction

NYHA ! New York Heart
Association

SCD ! sudden cardiac
death

SSRI ! selective serotonin
reuptake inhibitor

Figure 1 Schematic Depiction of Comprehensive Heart Failure Care

Figure illustration by Rob Flewell.

387JACC Vol. 54, No. 5, 2009 Goodlin
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Stage B 
Structural heart disease, 

without S&S of HF

Stage C 
Structural heart disease, 

with prior/current 
symptoms of HF

Stage D 
Refractory HF

NYHA  
FC

I

I
II

III
IV

IV

Phase 1: Initial symptoms of HF develop & HF treatment is 
initiated 
Phase 2: Plateau of variable length reached with initial 
medical management, or following mechanical support or 
heart transplant 
Phase 3: Functional status declines with variable slope; 
intermittent exacerbations of HF that respond to rescue 
efforts 
Phase 4:StageD HF, with refractory symptoms & limited 
function 
Phase 5: End of life

Acute 
Decompensated 

HF



Trajectory of Stage C HF 
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dysfunction, may persist. Furthermore, changes in 
LVEF might not be unidirectional; a patient may have 
improvement followed by a decrease in EF or vice 
versa depending on the underlying cause, duration 
of disease, adherence to the GDMT, or reexposure 
to cardiotoxicity.5 Therefore, the writing committee 
elected not to use “recovered EF” or HFpEF, even 
if subsequent LVEF was >50% but, rather, “HF with 
improved EF” (HFimpEF) as a subgroup of HFrEF to 
characterize these patients (Table 4, Figure 3). Impor-
tantly, EF can decrease after withdrawal of pharmaco-
logical treatment in many patients who had improved 
EF to normal range with GDMT.5 Trajectory of LVEF 
can be important, and a significant reduction in LVEF 
over time is a poor prognostic factor.

2.3. Diagnostic Algorithm for Classification of 
HF According to LVEF
Structural and functional alterations of the heart as the 
underlying cause for the clinical presentation support 
the diagnosis of HFmrEF and HFpEF1 (Figure 4). The 
criteria for diagnosis of HFmrEF and HFpEF require 
evidence of increased LV filling pressures at rest, exer-
cise, or other provocations. The criteria can be fulfilled 
with findings of elevated levels of natriuretic peptides, 
echocardiographic diastolic parameters such as an 
E/e! ≥15 or other evidence of elevated filling pres-
sures, or invasive hemodynamic measurement at rest 
or exercise. Evidence of structural heart disease (eg, 
LV structural or functional alterations) may be used to 
further support the diagnosis of HFpEF. Key structural 
alterations are an increase in left atrial size and volume 
(left atrial volume index) and/or an increase in LV mass 
(LV mass index).

Exercise stress testing with echocardiographic 
evaluation of diastolic parameters can be helpful if 
the diagnosis remains uncertain.2,3 Alternatively, or in 
addition, invasive hemodynamics at rest or with exer-
cise, with assessment of filling pressures (pulmonary 
capillary wedge pressure or LV end diastolic pressures, 
pulmonary artery [PA] pressures, stroke volumes, and 
cardiac output) can be performed to help further estab-
lish the diagnosis.4

The diagnosis of HFpEF is often challenging. A clin-
ical composite score to diagnose HFpEF, the H2FPEF 
score,5–7 integrates these predictive variables: obesity, 
atrial fibrillation (AF), age >60 years, treatment with 
≥2 antihypertensive medications, echocardiographic 
E/e! ratio >9, and echocardiographic PA systolic pres-
sure >35 mm Hg. A weighted score based on these 

Figure 2. Trajectory of Stage C HF.
The trajectory of stage C HF is displayed. Patients whose symptoms and signs of HF are resolved are still stage C and should be treated 
accordingly. If all HF symptoms, signs, and structural abnormalities resolve, the patient is considered to have HF in remission. HF indicates heart 
failure; and LV, left ventricular. *Full resolution of structural and functional cardiac abnormalities is uncommon.

Table 4. Classification of HF by LVEF

Type of HF According to 
LVEF Criteria

HFrEF (HF with reduced EF) LVEF ≤40%

HFimpEF (HF with improved 
EF)

Previous LVEF ≤40% and a follow-up  
measurement of LVEF >40%

HFmrEF (HF with mildly re-
duced EF)

LVEF 41%–49%

Evidence of spontaneous or provokable 
increased LV filling pressures (eg, elevated 
natriuretic peptide, noninvasive and invasive 
hemodynamic measurement)

HFpEF (HF with preserved 
EF)

LVEF ≥50%

Evidence of spontaneous or provokable 
increased LV filling pressures (eg, elevated 
natriuretic peptide, noninvasive and invasive 
hemodynamic measurement)

Please see Appendix 3 for suggested thresholds for structural heart disease 
and evidence of increased filling pressures.

HF indicates heart failure; LV, left ventricular; and LVEF, left ventricular ejec-
tion fraction.
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tion.1,2 Beginning in 2012, the age-adjusted death rate 
per capita for HF increased for the first time in the Unit-
ed States.3 A recent US evaluation found total deaths 
caused by HF have increased from 275 000 in 2009 to 
310 000 in 2014.3

US hospitalizations for HF decreased up until 20124; 
however, from 2013 to 2017, an increase in HF hospitaliza-
tions was observed. In 2017, there were 1.2 million HF hos-
pitalizations in the United States among 924 000 patients 
with HF.4 This represents a 26% increase in HF hospitaliza-
tions and number of patients hospitalized with HF.

Although the absolute number of patients with HF 
has partly grown as a result of the increasing number of 
older adults, the incidence of HF has decreased.5 Among 
US Medicare beneficiaries, HF incidence declined from 
36 cases per 1000 beneficiaries in 2011 to 27 cases 
per 1000 beneficiaries in 2014 and remained stable 
through 2016.5 Divergent trends in the incidence of HF 
have been observed for those with HFrEF (decreasing 
incidence) and HFpEF (increasing incidence).6,7 Deaths 
attributable to cardiomyopathies have been increasing 
globally because of, in part, increased recognition, diag-
nosis, and documentation of specific cardiomyopathies 
and cardiotoxicity.2

Racial and Ethnic Disparities in Mortality and 
Hospitalization for HF
Racial and ethnic disparities in death resulting from HF 
persist, with non-Hispanic Black patients having the 

highest death rate per capita.4 A report examining the 
US population found age-adjusted mortality rate for 
HF to be 92 per 100 000 individuals for non-Hispanic 
Black patients, 87 per 100 000 for non-Hispanic White 
patients, and 53 per 100 000 for Hispanic patients.4 
Among Medicare beneficiaries, non-Hispanic Black 
beneficiaries had a slightly greater decrease in HF in-
cidence (38 cases per 1000 to 26 cases per 1000, 
P=0.009) than non-Hispanic White beneficiaries (36 
cases per 1000 to 28 cases per 1000, P=0.003) from 
2011 to 2016.4 Among patients with established HF, 
non-Hispanic Black patients experienced a higher rate 
of HF hospitalization and a lower rate of death com-
pared with non-Hispanic White patients with HF.8–10 
Hispanic patients with HF have been found to have 
similar8 or higher10 HF hospitalization rates and similar10 
or lower8 mortality rates compared with non-Hispanic 
White patients. Asian/Pacific Islander patients with HF 
have had a similar rate of hospitalization as non-His-
panic White patients but a lower rate of death.8,10 These 
racial and ethnic disparities in outcome, for those with 
HF, warrant studies and health policy changes to ad-
dress health inequity.

3.2. Cause of HF
In the United States, approximately 115 million peo-
ple have hypertension, 100 million have obesity, 92 
million have prediabetes, 26 million have diabetes, 
and 125 million have atherosclerotic CVD.1 These are 

Figure 4. Diagnostic Algorithm for HF 
and EF-Based Classification.
The algorithm for a diagnosis of HF and 
EF-based classification is shown. BNP 
indicates B-type natriuretic peptide; ECG, 
electrocardiogram; EF, ejection fraction; HF, 
heart failure; HFmrEF, heart failure with mildly 
reduced ejection fraction; HFpEF, heart failure 
with preserved ejection fraction; HFrEF, heart 
failure with reduced ejection fraction; LVEF, left 
ventricular ejection fraction; LV, left ventricular; 
and NT-proBNP, N-terminal pro-B type 
natriuretic peptide.
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Y

Suspected heart failure

Echocardiography

NT-proBNP ! 125 pg/mL
or BNP ! 35 pg/mLN

Y

Diagnostic algorithm for heart failure

Risk factors
Symptoms and/or signs
Abnormal ECG

or if HF strongly suspected
or if NT-proBNP/BNP unavailable

Abnormal findings

YY

Heart failure confirmed
Define heart failure phenotype

based on LVEF measurement

"40 %
(HFrEF)

41–49 %
(HFmrEF)

!50 %
(HFpEF)

Determine aetiology and
commence treatmentHeart failure unlikely

Consider other diagnoses

N

Figure 1 The diagnostic algorithm for heart failure. BNP = B-type natriuretic peptide; ECG = electrocardiogram; HFmrEF = heart failure with mildly
reduced ejection fraction; HFpEF= heart failure with preserved ejection fraction; HFrEF= heart failure with reduced ejection fraction; LVEF = left ventricu-
lar ejection fraction; NT-proBNP = N-terminal pro-B type natriuretic peptide. The abnormal echocardiographic findings are described in more detail in
the respective sections on HFrEF (section 5), HFmrEF (section 7), and HFpEF (section 8).

ESC Guidelines 17

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/advance-article/doi/10.1093/eurheartj/ehab368/6358045 by guest on 30 August 2021

Figure 4. 
Diagnostic 
Algorithm for HF 
and EF-Based 
Classification

24

The algorithm for a diagnosis of 
HF and EF-based classification is 
shown.

BNP indicates B-type natriuretic 
peptide; ECG, 
electrocardiogram; EF, ejection 
fraction; HF, heart failure; 
HFmrEF, heart failure with mildly 
reduced ejection fraction; 
HFpEF, heart failure with 
preserved ejection fraction; 
HFrEF, heart failure with reduced 
ejection fraction; LVEF, left 
ventricular ejection fraction; LV, 
left ventricular; NP, natriuretic 
peptides; and NT-proBNP, N-
terminal pro-B type natriuretic 
peptide.

Diagnostic Algorithm



Symptoms of HF

Typical
Breathlessness, Fatigue, tiredness, orthopnoea, PND 
Reduced exercise tolerance, Inability to exercise 
Ankle swelling, Swelling of parts of the body other than ankles 
Bendopnoea

Less 
typical

Nocturnal cough 
Wheezing 
Bloated feeling, postprandial satiety, Loss of appetite 
Decline in cognitive function, confusion , depression, dizziness, syncope

Bendopnea:
Dyspnea when bending forward 
with symptom onset within 30 

seconds of bending



“Bendopnea” is 
associated with elevated 

LV filling pressure

Dyspnea 
threshold



External jugular venous distention



Pitting edema Grading of edema



Ambulatory Hospitalized/
decompensated

BNP (pg/ml) ≥ 35 ≥ 100

NT-proBNP 
(pg/ml) ≥ 125 ≥ 300

Symptoms of HF

Typical
Breathlessness, Fatigue, tiredness, orthopnoea, PND 
Reduced exercise tolerance, Inability to exercise 
Ankle swelling, Swelling of parts of the body other than ankles 
Bendopnoea

Less 
typical

Nocturnal cough 
Wheezing 
Bloated feeling, postprandial satiety, Loss of appetite 
Decline in cognitive function, confusion , depression, dizziness, syncope

Signs of HF

More 
specific

Elevated jugular venous pressure 
S3 heart sound, Summation gallop with S3 and S4 heart sounds 
Cardiomegaly, laterally displaced apical impulse 

Hepatojugular reflux 
Cheyne–Stokes respiration in advanced heart failure

Less 
specific

Peripheral edema (ankle, sacral, scrotal), Pulmonary rales 
Unintentional weight gain (>2 kg/week) 

Weight loss (in advanced heart failure) with  muscle wasting and cachexia  
Cardiac murmur 
Reduced air entry and dullness to percussion at  lung bases suggestive of pleural 
effusion 

Tachycardia, irregular pulse 
Tachypnoea 
Hepatomegaly/ascites 

Cold extremities, Oliguria, Narrow pulse pressure 





Causes of elevated concentrations of natriuretic . peptides 

Exercise or pharmacological stress echocardiography may be used
for the assessment of inducible ischaemia in those who are consid-
ered suitable for coronary revascularization.81 In patients with
HFpEF, valve disease, or unexplained dyspnoea, stress echocardiogra-
phy might help clarify the diagnosis.82

Cardiac magnetic resonance (CMR) imaging with late gadoli-
nium enhancement (LGE), T1 mapping and extracellular volume
will identify myocardial fibrosis/scar, which are typically subendo-
cardial for patients with ischaemic heart disease (IHD) in contrast
to the mid-wall scar typical of dilated cardiomyopathy (DCM). In
addition, CMR allows myocardial characterization in, e.g. myocar-
ditis, amyloidosis, sarcoidosis, Chagas disease, Fabry disease, LV
non-compaction CMP, haemochromatosis, and arrhythmogenic
cardiomyopathy (AC).83,84

Computed tomography coronary angiography (CTCA) may be
considered in patients with a low to intermediate pre-test probability
of CAD, or those with equivocal non-invasive stress tests in order to
exclude the diagnosis of CAD.5

Single-photon emission CT (SPECT) can also be used to assess
myocardial ischaemia and viability, myocardial inflammation or infil-
tration. Scintigraphy with technetium (Tc)-labelled bisphosphonate
has shown high sensitivity and specificity for imaging cardiac trans-
thyretin amyloid.85
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Recommendations for specialized diagnostic tests for
selected patients with chronic heart failure to detect
reversible/treatable causes of heart failure

Recommendations Classa Levelb

CMR

CMR is recommended for the assessment of

myocardial structure and function in those with

poor echocardiogram acoustic windows.

I C

CMR is recommended for the characterization

of myocardial tissue in suspected infiltrative dis-

ease, Fabry disease, inflammatory disease (myo-

carditis), LV non-compaction, amyloid,

sarcoidosis, iron overload/haemochromatosis.

I C

CMR with LGE should be considered in DCM to

distinguish between ischaemic and non-ischae-

mic myocardial damage.

IIa C

Invasive coronary angiography (in those who are considered

eligible for potential coronary revascularization)

Invasive coronary angiography is recommended in

patients with angina despite pharmacological ther-

apy or symptomatic ventricular arrhythmias.5
I B

Invasive coronary angiography may be considered

in patients with HFrEF with an intermediate to high

pre-test probability of CAD and the presence of

ischaemia in non-invasive stress tests.89

IIb B

Non-invasive testing

CTCA should be considered in patients with a

low to intermediate pre-test probability of CAD

or those with equivocal non-invasive stress tests

in order to rule out coronary artery stenosis.

IIa C

Non-invasive stress imaging (CMR, stress echocar-

diography, SPECT, PET) may be considered for the

assessment of myocardial ischaemia and viability in

patients with CAD who are considered suitable for

coronary revascularization.90!93

IIb B

Exercise testing may be considered to detect

reversible myocardial ischaemia and investigate

the cause of dyspnoea.94!96

IIb C

Cardiopulmonary exercise testing

Cardiopulmonary exercise testing is recom-

mended as a part of the evaluation for heart

transplantation and/or MCS.94!96

I C

Cardiopulmonary exercise testing should be

considered to optimize prescription of exercise

training.94!96

IIa C

Cardiopulmonary exercise testing should be

considered to identify the cause of unexplained

dyspnoea and/or exercise intolerance.94!96

IIa C

Right heart catheterization

Right heart catheterization is recommended in

patients with severe HF being evaluated for

heart transplantation or MCS.

I C

Continued

Table 7 Causes of elevated concentrations of natriuretic
peptides86-88

Cardiac

Heart failure

ACS

Pulmonary embolism

Myocarditis

Left ventricular hypertrophy

Hypertrophic or restrictive cardiomyopathy

Valvular heart disease

Congenital heart disease

Atrial and ventricular tachyarrhythmias

Heart contusion

Cardioversion, ICD shock

Surgical procedures involving the heart

Pulmonary hypertension

Non-cardiac

Advanced age

Ischaemic stroke

Subarachnoid haemorrhage

Renal dysfunction

Liver dysfunction (mainly liver cirrhosis with ascites)

Paraneoplastic syndrome

COPD

Severe infections (including pneumonia and sepsis)

Severe burns

Anaemia

Severe metabolic and hormone abnormalities

(e.g. thyrotoxicosis, diabetic ketosis)

ACS = acute coronary syndrome; COPD = chronic obstructive pulmonary dis-
ease; ICD = implantable cardioverter-defibrillator.
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Exercise or pharmacological stress echocardiography may be used
for the assessment of inducible ischaemia in those who are consid-
ered suitable for coronary revascularization.81 In patients with
HFpEF, valve disease, or unexplained dyspnoea, stress echocardiogra-
phy might help clarify the diagnosis.82

Cardiac magnetic resonance (CMR) imaging with late gadoli-
nium enhancement (LGE), T1 mapping and extracellular volume
will identify myocardial fibrosis/scar, which are typically subendo-
cardial for patients with ischaemic heart disease (IHD) in contrast
to the mid-wall scar typical of dilated cardiomyopathy (DCM). In
addition, CMR allows myocardial characterization in, e.g. myocar-
ditis, amyloidosis, sarcoidosis, Chagas disease, Fabry disease, LV
non-compaction CMP, haemochromatosis, and arrhythmogenic
cardiomyopathy (AC).83,84

Computed tomography coronary angiography (CTCA) may be
considered in patients with a low to intermediate pre-test probability
of CAD, or those with equivocal non-invasive stress tests in order to
exclude the diagnosis of CAD.5

Single-photon emission CT (SPECT) can also be used to assess
myocardial ischaemia and viability, myocardial inflammation or infil-
tration. Scintigraphy with technetium (Tc)-labelled bisphosphonate
has shown high sensitivity and specificity for imaging cardiac trans-
thyretin amyloid.85
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Recommendations for specialized diagnostic tests for
selected patients with chronic heart failure to detect
reversible/treatable causes of heart failure

Recommendations Classa Levelb

CMR

CMR is recommended for the assessment of

myocardial structure and function in those with

poor echocardiogram acoustic windows.

I C

CMR is recommended for the characterization

of myocardial tissue in suspected infiltrative dis-

ease, Fabry disease, inflammatory disease (myo-

carditis), LV non-compaction, amyloid,

sarcoidosis, iron overload/haemochromatosis.

I C

CMR with LGE should be considered in DCM to

distinguish between ischaemic and non-ischae-

mic myocardial damage.

IIa C

Invasive coronary angiography (in those who are considered

eligible for potential coronary revascularization)

Invasive coronary angiography is recommended in

patients with angina despite pharmacological ther-

apy or symptomatic ventricular arrhythmias.5
I B

Invasive coronary angiography may be considered

in patients with HFrEF with an intermediate to high

pre-test probability of CAD and the presence of

ischaemia in non-invasive stress tests.89

IIb B

Non-invasive testing

CTCA should be considered in patients with a

low to intermediate pre-test probability of CAD

or those with equivocal non-invasive stress tests

in order to rule out coronary artery stenosis.

IIa C

Non-invasive stress imaging (CMR, stress echocar-

diography, SPECT, PET) may be considered for the

assessment of myocardial ischaemia and viability in

patients with CAD who are considered suitable for

coronary revascularization.90!93

IIb B

Exercise testing may be considered to detect

reversible myocardial ischaemia and investigate

the cause of dyspnoea.94!96

IIb C

Cardiopulmonary exercise testing

Cardiopulmonary exercise testing is recom-

mended as a part of the evaluation for heart

transplantation and/or MCS.94!96

I C

Cardiopulmonary exercise testing should be

considered to optimize prescription of exercise

training.94!96

IIa C

Cardiopulmonary exercise testing should be

considered to identify the cause of unexplained

dyspnoea and/or exercise intolerance.94!96

IIa C

Right heart catheterization

Right heart catheterization is recommended in

patients with severe HF being evaluated for

heart transplantation or MCS.

I C

Continued

Table 7 Causes of elevated concentrations of natriuretic
peptides86-88

Cardiac

Heart failure

ACS

Pulmonary embolism

Myocarditis

Left ventricular hypertrophy

Hypertrophic or restrictive cardiomyopathy

Valvular heart disease

Congenital heart disease

Atrial and ventricular tachyarrhythmias

Heart contusion

Cardioversion, ICD shock

Surgical procedures involving the heart

Pulmonary hypertension

Non-cardiac

Advanced age

Ischaemic stroke

Subarachnoid haemorrhage

Renal dysfunction

Liver dysfunction (mainly liver cirrhosis with ascites)

Paraneoplastic syndrome

COPD

Severe infections (including pneumonia and sepsis)

Severe burns

Anaemia

Severe metabolic and hormone abnormalities

(e.g. thyrotoxicosis, diabetic ketosis)

ACS = acute coronary syndrome; COPD = chronic obstructive pulmonary dis-
ease; ICD = implantable cardioverter-defibrillator.
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Type of HF HFrEF HFmrEF HFpEF

Criteria 1 Symptoms ± Signsa Symptoms ± Signsa Symptoms ± Signs

2 LVEF ≤ 40% LVEF 41-49%b LVEF ≥ 50%

3

- -

Objective evidence of cardiac 
structural and/or functional 
abnormalities consistent with the 
presence of LV diastolic  
dysfunction/raised LV filling 
pressures, including raised 
natriuretic peptidesc 


Classification of Heart Failure by LVEF

a = Signs may not be present in the early stages of HF (especially in HFpEF) and in optimally treated patients.


b = For the diagnosis of HFmrEF, the presence of other evidence of structural heart disease (e.g. increased LA size, LV hypertrophy or echocardiographic 
measures of impaired LV filling) makes the diagnosis more likely.

c = For the diagnosis of HFpEF, the greater the number of abnormalities present, the higher the likelihood of HFpEF 

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure



Objective evidence of cardiac structural, functional & serological abnormalities 
consistent with presence of LV diastolic dysfunction/raised LV filling pressures 
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This simplified diagnostic approach starts with assessment of pre-

test probability (see clinical characteristics above). The diagnosis
should include the following:

(1) Symptoms and signs of HF.
(2) An LVEF >_50%.*
(3) Objective evidence of cardiac structural and/or functional abnor-

malities consistent with the presence of LV diastolic dysfunction/
raised LV filling pressures, including raised NPs (Table 9).

*Of note, patients with a history of overtly reduced LVEF (<_40%),
who later present with LVEF >_50%, should be considered to have
recovered HFrEF or ‘HF with improved LVEF’ (rather than HFpEF).
Continued treatment for HFrEF is recommended in these patients.271

It is not known whether starting HF therapy in patients with recov-
ered LVEF is beneficial. Patients with HFpEF tend to have stable tra-
jectory of LVEF over time.272 However, in those who develop a
clinical indication for a repeat echo during follow-up, around one
third have a decline in LVEF.273

In the presence of AF, the threshold for LA volume index is >40
mL/m2. Exercise stress thresholds include E/e0 ratio at peak
stress >_15 or tricuspid regurgitation (TR) velocity at peak stress
>3.4 m/s.275 LV global longitudinal strain <16% has a sensitivity of
62% and a specificity of 56% for the diagnosis of HFpEF by invasive
testing.261

The approach to the diagnosis should involve additional confirma-
tory tests in cases of diagnostic uncertainty, such as cardiopulmonary
exercise testing (to confirm a reduction in exercise capacity and to
help differentiate the cause of dyspnoea), exercise stress testing, and
invasive haemodynamic testing.259

If resting echocardiographic and laboratory markers are equivocal,
a diastolic stress test is recommended.259,274 The confirmatory test
for the diagnosis of HFpEF is invasive haemodynamic exercise testing.
An invasively measured pulmonary capillary wedge pressure

(PCWP) of >_15 mmHg (at rest) or >_25 mmHg (with exercise) or LV
end-diastolic pressure >_16 mmHg (at rest) is generally considered
diagnostic.266 However, instead of an exercise PCWP cut-off, some
have used an index of PCWP to cardiac output for the invasive diag-
nosis of HFpEF260,276. Recognizing that invasive haemodynamic exer-
cise testing is not available in many centres worldwide, and is
associated with risks, its main use is limited to the research setting. In
the absence of any disease-modifying treatments, the current guide-
lines do not mandate gold standard testing in every patient to make
the diagnosis, but emphasize that the greater the number of objective
non-invasive markers of raised LV filling pressures (Table 9), the
higher the probability of a diagnosis of HFpEF.

8.4 Treatment of heart failure with
preserved ejection fraction
To date, no treatment has been shown to convincingly reduce
mortality and morbidity in patients with HFpEF, although improve-
ments have been seen for some specific phenotypes of patients
within the overall HFpEF umbrella. However, none of the large
RCTs conducted in HFpEF have achieved their primary endpoints.
These include PEP-CHF (perindopril),277 CHARM-Preserved (can-
desartan),245 I-PRESERVE (irbesartan),278 TOPCAT (spironolac-
tone),246 DIG-Preserved (digoxin),279 and PARAGON-HF
(sacubitril/valsartan)13 (see Supplementary Table 12 for the details
about these and additional trials). Hospitalizations for HF were
reduced by candesartan and spironolactone and there was a trend
towards reduction with sacubitril/valsartan, although as these trials
were neutral for their primary endpoints, these are hypothesis-
generating findings only. Although nebivolol significantly reduced
the combined primary endpoint of all-cause mortality or CV hospi-
tal admission in the SENIORS trial, this trial included only 15% with
an LVEF >50%.119,249 Trials targeting the nitric oxide-cyclic guano-
sine monophosphate pathway have also failed to improve exercise

Table 9 Objective evidence of cardiac structural, functional and serological abnormalities consistent with the presence
of left ventricular diastolic dysfunction/raised left ventricular filling pressures259,261

Parametera Threshold Comments

LV mass index

Relative wall thickness

>_95 g/m2 (Female), >_115 g/m2 (Male)

>0.42

Although the presence of concentric LV remodelling or hypertrophy is

supportive, the absence of LV hypertrophy does not exclude the diagno-

sis of HFpEF

LA volume indexa >34 mL/m2 (SR) In the absence of AF or valve disease, LA enlargement reflects chronically

elevated LV filling pressure (in the presence of AF, the threshold is

>40 mL/m2)

E/e’ ratio at resta >9 Sensitivity 78%, specificity 59% for the presence of HFpEF by invasive

exercise testing, although reported accuracy has varied. A higher cut-off

of 13 had lower sensitivity (46%) but higher specificity (86%).71,259,274

NT-proBNP

BNP

>125 (SR) or

>365 (AF) pg/mL

>35 (SR) or

>105 (AF) pg/mL

Up to 20% of patients with invasively proven HFpEF have NPs below

diagnostic thresholds, particularly in the presence of obesity

PA systolic pressure

TR velocity at resta

>35 mmHg

>2.8 m/s

Sensitivity 54%, specificity 85% for the presence of HFpEF by invasive

exercise testing259,261

AF = atrial fibrillation; BNP = B-type natriuretic peptide; E/e’ratio = early filling velocity on transmitral Doppler/early relaxation velocity on tissue Doppler; HFpEF = heart failure
with preserved ejection fraction; LA = left atrial; LV = left ventricular; NP = natriuretic peptide; NT-proBNP = N-terminal pro-B-type natriuretic peptide; PA = pulmonary artery;
SR = sinus rhythm; TR = tricuspid regurgitation.
Note: The greater the number of abnormalities present, the higher the likelihood of HFpEF.
aOnly commonly used indices are listed in the table; for less commonly used indices refer to the consensus document of the ESC/HFA.259

ES
C

 2
02

1

ESC Guidelines 33

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/advance-article/doi/10.1093/eurheartj/ehab368/6358045 by guest on 30 August 2021

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. European Heart Journal (2021) 00, 1-128



• Globally hypokinesia, LV dilatation, EF 14% 
• LV thrombus
• Mild MR, mild TR
• RVSP 45 mmHg, RAP 10 mmHg
• Impaired RV systolic function
• Minimal pericardial effusion

Non-ischemic cardiomyopathy: HFrEF



manifestation includes worsening congestion, requirement to
frequently alter therapy, declining functionality, and end-
organ dysfunction. One may develop an endpoint that is
both related to HF and responsive to changes over time,
acting not as a surrogate for hard outcomes but as an additional
primary outcome. The pertinent domains of such an end-
point may include cardiac structure and function, congestion
and medication status, and functionality. Designing, scoring,
and validating such an endpoint needs further research.

Clinical Trial Protocol Development and Conduct

Careful attention should be focused on clinical trial protocol
development, patient selection, and the trial execution.
Hospitalized HF. Whether patients with dyspnea who
have preserved EF truly have HFpEF in the outpatient
setting is often debated. The criteria used to select patients

in previous trials have varied (Table 5), and most included a
clinical diagnosis and an LVEF above a certain threshold,
which in turn also varied and was arbitrary. In contrast,
hospitalized patients with obvious !uid overload may pro-
vide a more de"nitive HFpEF population, who are also at a
signi"cantly higher risk. There is a tremendous need to
identify HFpEF treatment in general, but especially in pa-
tients who are hospitalized.
Need for sustained therapies. For the most part, only
transient intravenous therapies have been studied in hospi-
talized patients. Most of these did not improve outcomes,
with the exception of serelaxin. In the RELAX-AHF
(Relaxin in Acute Heart Failure) trial (87), about 45% of
patients had LVEF !40%, hence representing 1 potential
avenue to treat hospitalized HFpEF patients. However,
considering the continued worsening post-discharge out-
comes, oral long-term therapies are needed to improve

Figure 2 Comprehensive Echocardiographic Phenotypic Analysis of Heart Failure With Preserved Ejection Fraction

Comprehensive echocardiography, including 2-dimensional, Doppler, tissue Doppler, and speckle tracking, allows for detailed phenotypic analysis of cardiac structure, function,
and mechanics in patients with heart failure with preserved ejection fraction. The !gure shows examples of information that can be obtained from the apical 4-chamber (A4C)
view. Clockwise from the top: speckle-tracking echocardiography for assessment of left ventricular (LV) regional and global longitudinal strain (early diastolic strain rate can also
be obtained in this view). Mitral in"ow and tissue Doppler imaging of the septal and lateral mitral annulus provide information on LV diastolic function grade and estimated LV
!lling pressure (E/e’ ratio), along with assessment of longitudinal systolic (s’) and atrial (a’) function. Speckle-tracking analysis of left atrial (LA) function provides peak LA
contractile function (peak negative longitudinal LA strain) and LA reservoir function (peak positive longitudinal LA strain). Tricuspid annular plane systolic function (TAPSE) and
basal right ventricular (RV) free wall peak longitudinal tissue Doppler velocity (RV s’) provide information on longitudinal RV function, as does speckle tracking echocardiography
of the RV (not shown). Finally, analysis of the tricuspid regurgitant jet Doppler pro!le, when added to the estimated right atrial (RA) pressure, provides an estimate of the PA
systolic pressure. Additional data available from the apical 4-chamber view include assessment of LV volumes and ejection fraction, LA volume, and RV size and global systolic
function (e.g., RV fractional area change). PA " pulmonary artery. Figure courtesy of Sanjiv J. Shah, MD.

JACC: Heart Failure Vol. 2, No. 2, 2014 Butler et al.
April 2014:97–112 HFpEF: Current State and Future Directions
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Table 11 (Continued )

Parameter and method Echocardiographic imaging Advantages Limitations

Volume.
2D volumetric
measurements are based
on tracings of the blood-
tissue interface on apical
four- and two-chamber
views. At the mitral valve
level, the contour is closed
by connecting the two
opposite sections of the
mitral annulus with a
straight line. Endocardial
tracing should exclude
atrial appendage and
pulmonary veins. LA length
L is defined as the shortest
of the two long axes
measured in the apical
two- and four-chamber
views (to provide reliable
calculations the two
lengths should not differ
more than 5 mm). Volumes
can be computed by using
the area-length
approximation:

8
3p

!
!A1$A2"

L

"

where A1 and A2 are the
corresponding LA areas.
Alternatively LA volume
can be calculated using the
disk summation technique
by adding the volume of a
stack of cylinders of height
h and area calculated by
orthogonal minor and
major transverse axes (D1
and D2) assuming an oval
shape:
p=4!h"

P
!D1"!D2"

3D data sets are usually
obtained from the apical
approach using a multibeat
full-volume acquisition

2DE
Area-length technique

Biplane method of disks

3D data sets

# Enables accurate
assessment of the
asymmetric remodeling
of the left atrium

# More robust predictor of
cardiovascular events
than linear or area mea-
surements

# No geometrical assump-
tion about LA shape

# More accurate when
compared to 2D mea-
surements

# Geometric assumptions
about LA shape

# Few accumulated data
on normal population

# Single plane volume cal-
culations are inaccurate
since they are based on
the assumption that A1 =
A2

# Dependent on adequate
image quality

# Lower temporal resolu-
tion

# Limited data on normal
values

# Patient’s cooperation
required

Journal of the American Society of Echocardiography
Volume 28 Number 1

Lang et al 27

LA volume index

LVEF
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
BNP/NT-proBNPa I B
12-lead ECG I C
Transthoracic echocardiography I C
Chest radiography (X-ray) I C
Routine blood tests for comorbidities, including full blood count, urea an  
electrolytes, thyroid function, fasting glucose and HbA1c, lipids, iron status (TSAT 
and ferritin)

I C

Recommended diagnostic tests in all patients with suspected chronic 
heart failure

BNP = B-type natriuretic peptide; ECG = electrocardiogram; HbA1c = glycated haemoglobin; NT-proBNP = N-terminal pro-B-type natriuretic peptide; TSAT = transferrin saturation.
aReferences are listed in section 4.2 for this item.



www.escardio.org/guidelines

©
E

S
C

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
CMR
CMR is recommended for the assessment of myocardial structure and function in 

those with poor echocardiogram acoustic windows.
I C

CMR is recommended for the characterization of myocardial tissue in suspected

infiltrative disease, Fabry disease, inflammatory disease (myocarditis), LV non-

compaction, amyloid, sarcoidosis, iron overload/haemochromatosis.

I C

CMR with LGE should be considered in DCM to distinguish between ischaemic and 

non-ischaemic myocardial damage.
IIa C

Recommendations for specialised diagnostic tests for selected patients 
with chronic heart failure to detect reversible/treatable causes of heart 
failure (1)

CMR = cardiac magnetic resonance;  DCM = dilated cardiomyopathy;  LGE = late gadolinium enhancement; LV = left ventricular.



PET

SPECT

CMR
PET

Stress Echocardiography

Cardiac CT
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
Invasive coronary angiography (in those who are considered eligible for potential coronary 
revascularization)
Invasive coronary angiography is recommended in patients with angina despite
pharmacological therapy or symptomatic ventricular arrhythmias. I B

Invasive coronary angiography may be considered in patients with HFrEF with an 
intermediate to high pre-test probability of CAD and the presence of ischaemia in 
non-invasive stress tests.

IIb B

Recommendations for specialised diagnostic tests for selected patients 
with chronic heart failure to detect reversible/treatable causes of heart
failure (2)

CAD = coronary artery disease;  HFrEF = heart failure with reduced ejection fraction.
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Heart failure guidelines
• 2019 ACC Expert Consensus Decision Pathway on Risk Assessment, Management, 

and Clinical Trajectory of Patients Hospitalized with Heart Failure


• 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart 
failure


• 2021 Universal Definition and Classification of Heart Failure


• 2021 Update to the 2017 ACC Expert Consensus Decision Pathway for Optimization 
of Heart Failure Treatment


• 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of 
the American College of Cardiology/American Heart Association Joint Committee on 
Clinical Practice Guidelines 


• 2022 HFCT focus update of 2019 HFCT heart failure guidelines
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Treatment in heart failure 

❤ Pharmacological Intervention  

❤ Non-pharmacological Intervention 

❤ Surgical/Percutaneous/Transcatheter 
Interventional Treatment 



Heart Failure with 
Reduced Ejection 

(HFrEF)

Management



Pharmacological Intervention



See slide notes for abbreviations.
* The mechanism(s) by which SGLT2is mediate their cardioprotective effects is unclear, but there are several postulated mechanisms which include improving hemodynamics, controlling sympathetic stimulation, 
inhibiting fibrosis and cardiac remodeling, improving cardiac efficiency and output, modulating the overall cytosolic sodium and calcium concentrations, and altering the adipokine levels.8

References: 1. Mann DL et al. Braunwald’s Heart Disease: A Textbook of Cardiovascular Medicine. 10th edn. Elsevier/Saunders; 2015; 2. Yancy CW et al. J Am Coll Cardiol 2017;70:776–803;
3. Triposkiadis F et al. J Am Coll Cardiol 2009;54:1747–1762; 4. Ponikowski P et al. Eur J Heart Fail 2016;18:891–975; 5. Matsumura K, Sugiura T. Cardiovasc Ultrasound 2019;17:26;
6. Armstrong PW et al. JACC Heart Fail 2018;6:96–104; 7. Armstrong PW et al. N Engl J Med 2020;382:1883–1893; 8. Nightingale B. Cardiol Res 2021;12:60–66.
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Summary of Advances in Medical Therapies in Patients With HFrEF

angiotensin-converting enzyme (ACE) inhibitor/
angiotensin receptor blocker (ARB), followed by the
add-on of a BB and then an MRA. If the patient re-
mains symptomatic, an ARNI is introduced (switched
from ACE inhibitor/ARB) before an SGLT2i is pre-
scribed.26 Furthermore, the doses of each therapy are

increased to the guideline-recommended dosing
(de!ned as dose target in the pivotal clinical trial) or
highest tolerated dose before initiating a new ther-
apy. This traditional paradigm does not, however,
take into account several important factors:27 1) most
of the landmark clinical trials did not involve patients

FIGURE 1 Summary of Advances in Medical Therapies in Patients With HF and Reduced Ejection Fraction

This !gure displays a temporal representation of landmark trials that have shaped heart failure therapy over the years. A-HeFT ! African-American Heart Failure Trial;
ACE ! angiotensin-converting enzyme; AF-CHF ! Rhythm Control versus Rate Control for Atrial Fibrillation and Heart Failure; AFFIRM-HF ! Study to Compare Ferric
Carboxymaltose With Placebo in Patients With Acute Heart Failure and Iron De!ciency; ARB ! angiotensin receptor blockers; ARNI ! angiotensin receptor blocker/
neprilysin inhibitor; ATLAS ! Assessment of Treatment with Lisinopril and Survival; CARE-HF ! Cardiac Resynchronization Heart Failure Study; CHARM-Add ! added
arm of the Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity; CHARM-Alt ! alternative arm of the Candesartan in Heart Failure
Assessment of Reduction in Mortality and Morbidity; CIBIS ! Cardiac Insuf!ciency Bisoprolol Study; COMET ! Comparison of carvedilol and metoprolol on clinical
outcomes in patients with chronic heart failure in the Carvedilol Or Metoprolol European Trial; COMPANION ! Comparison of Medical Therapy, Pacing and De!brillation
in Heart Failure; CONSENSUS ! Cooperative North Scandinavian Enalapril Survival Study; COPERNICUS ! Carvedilol Prospective Randomized Cumulative Survival;
CRT ! cardiac resynchronization therapy; DAPA-HF ! Dapagli"ozin and Prevention of Adverse Outcomes in Heart Failure; DIG ! Effect of Digoxin on Mortality and
Morbidity in Patients With Heart Failure; EMPEROR-Reduced ! Empagli"ozin Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction;
EMPHASIS-HF ! Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms; GALACTIC-HF ! Global Approach to Lowering Adverse Cardiac Outcomes
Through Improving Contractility in Heart Failure; HEAAL ! High-Dose Versus Low-Dose Losartan on Clinical Outcomes in Patients with Heart Failure; HEART-MATE
II ! Advanced Heart Failure Treated With Continuous-Flow Left Ventricular Assist Device; HF-ACTION ! Heart Failure: A Controlled Trial Investigating Outcomes of
Exercise Training; ICD ! implantable-cardioverter-de!brillator; MADIT-CRT ! Multicenter Automatic De!brillator Implantation With Cardiac Resynchronization
Therapy; MERIT-HF ! Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure; MRA ! mineralocorticoid receptor agonist; PARADIGM-
HF ! Prospective Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure; RAFT ! Cardiac-Resynchronization Therapy
for Mild-to-Moderate Heart Failure; RALES ! Randomized Aldactone Evaluation Study; REMATCH ! Randomized Evaluation of Mechanical Assistance for the
Treatment of Congestive Heart Failure; SCD-HeFT ! Sudden Cardiac Death in Heart Failure Trial; SCORED ! Effect of Sotagli"ozin on Cardiovascular and Renal Events
in Patients With Type 2 Diabetes and Moderate Renal Impairment Who Are at Cardiovascular Risk; SENIORS ! Study of Effects of Nebivolol Intervention on Outcomes
and Rehospitalization in Seniors With Heart Failure; SGLT1i ! sodium–glucose co-transporter 1 inhibitor; SGLT2i ! sodium–glucose co-transporter 2 inhibitor;
SHIFT ! Ivabradine and Outcomes in Chronic Heart Failure; SOLOIST-WHF ! Effect of Sotagli"ozin on Cardiovascular Events in Patients With Type 2 Diabetes Post
Worsening Heart Failure; SOLVD-P ! prevention arm of the Studies of Left Ventricular Dysfunction; SOLVD-T ! treatment arm of the Studies of Left Ventricular
Dysfunction; STICH ! Coronary-Artery Bypass Surgery in Patients with Left Ventricular Dysfunction; USCP ! The Effect of Carvedilol on Morbidity and Mortality in
Patients With Chronic Heart Failure; V-HeFT ! Effect of Vasodilator Therapy on Mortality in Chronic Congestive Heart Failure; Val-HeFT ! Valsartan Heart Failure
Trial; VICTORIA ! Vericiguat Global Study in Subjects with Heart Failure with Reduced Ejection Fraction.

Sharma et al J A C C : B A S I C T O T R A N S L A T I O N A L S C I E N C E V O L . 7 , N O . 5 , 2 0 2 2

Optimizing Foundational Therapies in Patients With HFrEF M A Y 2 0 2 2 : 5 0 4 – 5 1 7

506

Sharma A, et al. J Am Coll Cardiol Basic Trans Science. 2022;7(5):504–517. 



Time to first occurrence of CV death or HF 
hospitalization Time to occurrence of first HF hospitalization

Time to occurrence of CV death All-cause mortality

                              PARADIGM-HF: Major clinical trials of therapeutic interventions in patients with HFrEFARNI

N Engl J Med 2014; 371:993-1004



J Am Heart Assoc. 2019;8:e013389 

Multiple Sites for the Beneficial Effects of SGLT2i



n engl j med 383;15 nejm.org October 8, 20201420
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two groups are shown in Table 2. The 4 patients 
in the placebo group who did not receive placebo 
were excluded from the safety analyses. Uncom-
plicated genital tract infection was reported more 

frequently with empagliflozin than with placebo. 
Adverse events of interest are listed in Table S2.

Several sensitivity analyses were performed to 
account for missing follow-up data in 42 patients 
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two groups are shown in Table 2. The 4 patients 
in the placebo group who did not receive placebo 
were excluded from the safety analyses. Uncom-
plicated genital tract infection was reported more 

frequently with empagliflozin than with placebo. 
Adverse events of interest are listed in Table S2.

Several sensitivity analyses were performed to 
account for missing follow-up data in 42 patients 

Es
tim

at
ed

!C
um

ul
at

iv
e!

In
ci

de
nc

e!
(%

)

100

80

60

40

50

70

90

20

30

10

0
0 90 270 450

Days!since!Randomization

No.!at!Risk
Placebo
Empagliflozin

Empagliflozin

1715
1763

1867
1863

180

1612
1677

1345
1424

854
909

360

1108
1172

540

611
645

630

410
423

224
231

810720

30

20

25

35

10

15

5

0
0 90 270 450180 360 540 630 810720

109
101

Placebo

Empagliflozin

Placebo

M
ea

n!
N

um
be

r!o
f!E

ve
nt

s!
pe

r!P
at

ie
nt

0.6

0.4

0.5

0.2

0.3

0.1

0.0
0 90 270 450

Days!since!Randomization

No.!at!Risk
Placebo
Empagliflozin

Empagliflozin

1820
1826

1867
1863

180

1762
1768

1526
1532

1017
1008

360

1285
1283

540

732
732

630

497
495

275
272

810720

135
118

Placebo

B First!and!Recurrent!Hospitalizations!for!Heart!Failure

A Primary!Outcome

Hazard ratio, 0.75 (95% CI, 0.65–0.86)
P<0.001

Hazard ratio, 0.70 (95% CI, 0.58–0.85)
P<0.001

The New England Journal of Medicine 
Downloaded from nejm.org on March 5, 2022. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 

CV death or HF hospitalization
HR 0.75 (0.65, 0.85)  
p=0.00002

Placebo

Dapagliflozin

CV death or HF Hospitalization CV death or HF Hospitalization

DAPA-HF EMPEROR-Reduced

N Engl J Med 2020;383:1413-24.

n
 en

g
l j m

ed
 381;21 

n
ejm

.o
rg

 
N

o
vem

ber 21, 2019
2004

T
he n

e
w

 e
n

g
l

a
n

d
 jo

u
r

n
a

l
 of m

e
d

ic
in

e

C Death!from!Cardiovascular!Causes D Death!from!Any!Cause

A Primary!Outcome B Hospitalization!for!Heart!Failure

C
um

ul
at

iv
e!

In
ci

de
nc

e!
(%

)

100

0

10

20

30

40

50

60

70

80

90

0 3 6 9 12 15 18 21 24

Months!since!Randomization

No.!at!Risk
2371
2373

Placebo
Dapagliflozin

2258
2305

2163
2221

2075
2147

1917
2002

1478
1560

1096
1146

593
612

210
210

30

25

20

10

15

0

5

0 3 6 9 12 15 18 21 24

30

C
um

ul
at

iv
e!

In
ci

de
nc

e!
(%

)

100

0

10

20

30

40

50

60

70

80

90

0 3 6 9 12 15 18 21 24

Months!since!Randomization

No.!at!Risk
2371
2373

Placebo
Dapagliflozin

2330
2342

2279
2296

2231
2251

2092
2130

1638
1666

1221
1243

665
672

235
233

25

20

10

15

0

5

0 3 6 9 12 15 18 21 24

Placebo Dapagliflozin

Hazard ratio, 0.74 (95% CI, 0.65–0.85)
P<0.001

Hazard ratio, 0.70 (95% CI, 0.59–0.83)

Hazard ratio, 0.82 (95% CI, 0.69–0.98) Hazard ratio, 0.83 (95% CI, 0.71–0.97)30

C
um

ul
at

iv
e!

In
ci

de
nc

e!
(%

)

100

0

10

20

30

40

50

60

70

80

90

0 3 6 9 12 15 18 21 24

Months!since!Randomization

No.!at!Risk
2371
2373

Placebo
Dapagliflozin

2330
2339

2279
2293

2230
2248

2091
2127

1636
1664

1219
1242

664
671

234
232

25

20

10

15

0

5

0 3 6 9 12 15 18 21 24

C
um

ul
at

iv
e!

In
ci

de
nc

e!
(%

)

100

0

10

20

30

40

50

60

70

80

90

0 3 6 9 12 15 18 21 24

Months!since!Randomization

No.!at!Risk
2371
2373

Placebo
Dapagliflozin

2264
2306

2168
2223

2082
2153

1924
2007

1483
1563

1101
1147

596
613

212
210

30

25

20

10

15

0

5

0 3 6 9 12 15 18 21 24

Figure!2.!Cardiovascular!Outcomes.

The primary outcome was a composite of death from cardiovascular causes, hospitalization for heart failure, or an urgent visit resulting in intravenous therapy for heart failure (Panel A). 
The cumulative incidences of the primary outcome, hospitalization for heart failure (Panel B), death from cardiovascular causes (Panel C), and death from any cause (Panel D) were esti-
mated with the use of the Kaplan–Meier method; hazard ratios and 95% confidence intervals were estimated with the use of Cox regression models, stratified according to diabetes sta-
tus, with a history of hospitalization for heart failure and treatment-group assignment as explanatory variables. Included in these analyses are all the patients who had undergone ran-
domization. The graphs are truncated at 24 months (the point at which less than 10% of patients remained at risk). The inset in each panel shows the same data on an enlarged y axis.
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SGLT2 inhibitors in HFrEF: Patents with/without T2DM

Median F/U 16 monthsMedian F/U 18.2 months

 SGLT2 inhibitors in ambulatory with chronic HFrEF 
•  Reduce risk of HF hospitalization and cardiovascular death

•  Improve/prevent worsening of symptoms

•  Slow decline in kidney function



SGLT2i Clinical Trials in Heart Failure

SGLT2, sodium-glucose co-transporter-2
Adapted from Bhatt DL et al. Cell Metab. 2019;30:847
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NO deficiencyOxidative stress Endothelial dysfunction
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cGMP, cyclic guanosine monophosphate; GTP, guanosine triphosphate; HF, heart failure; MoA, mechanism of action; NO, nitric oxide; sGC, soluble guanylate cyclase.
1. Gheorghiade M et al. Heart Fail Rev. 2013;18:123. 2. Mann DL et al. Braunwald’s Heart Disease: A Textbook of Cardiovascular Medicine. Elsevier/Saunders; 2015. 3. Boerrigter G et al. Handb 
Exp Pharmacol. 2009;191:485. 4. Breitenstein S et al. Handb Exp Pharmacol. 2017;243:225. 5. Felker G & Mann D. Heart Failure: A Companion to Braunwald’s Heart Disease. Elsevier; 2020. 6. 
Armstrong PW et al. JACC Heart Fail. 2018;6:96; 7. Follmann M et al. J Med Chem 2017;60:5146; 8. Mathar I et al. Circulation. 2018;138:A15553. 

Mechanism of Action of Soluble Guanylate Cyclase (sGC) Stimulator



VICTORIA: Study Design1,2

AF, atrial fibrillation; BNP, brain natriuretic peptide; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; IV, intravenous;
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; od, once daily; Q16W, every 16 weeks; SR, sinus rhythm.
1. Armstrong PW et al. JACC Heart Fail 2018;6:96–104; 2. Armstrong PW et al. N Engl J Med 2020;382:1883–1893.

N=5050

Eligibility criteria
• HFrEF (LVEF <45%)
• NYHA class II–IV
• BNP ≥300 pg/ml; SR ≥500 pg/ml +AF
• NT-proBNP ≥1000 pg/ml; SR ≥1600 pg/ml +AF
• eGFR ≥15 ml/min/1.73 m2

(15% cap: 15–30 ml/min/1.73 m2)
• HF hospitalization within 6 months or

IV diuretic treatment for HF within 3 months

5 mg od 10 mg od2.5 mg od

Placebo od with sham uptitration at Weeks 2 and4

Week 0 Week 2 Week 4 Week 16 Q16W

1:1

Primary endpoint: Time to first occurrence of the composite
of CV death and HF hospitalization

After approximately 12 months, the 10 mg target dose was achieved: vericiguat (89.2%); placebo (91.4%)2

Design: Randomized, parallel-group, placebo-controlled, double-blind, event-driven, international Phase III trial
Objective: Evaluate the effect of vericiguat in patients with symptomatic chronic HF following a worsening HF event

17



Vericiguat Significantly Reduced the Annualized Absolute  
Rate of Time to HFH or CV Death by 4.2 Events/100 PY1

Time to CV death or first HFH

Months since randomization
Median treatment duration for primary endpoint: 10.8 months.
*Calculations: annual NNT = 100/4.2 = 24.
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ARR, absolute rate reduction; CI, confidence interval; CV, cardiovascular; HFH, heart failure hospitalization; HR, hazard ratio; NNT, number needed to treat; PY, patient-years.
1. Armstrong PW et al. N Engl J Med 2020;382:1883–1893.
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DAPA-HF2,3 VICTORIA2,4 EMPEROR-Reduced2,5PARADIGM-HF1,2

HFrEF

Primary outcome:
First HFH or 

CV death

Median 
NT-proBNP:
1,910 pg/ml9

HFrEF

Primary outcome:
First HFH or 

CV death

Median 
NT-proBNP:
2,816 pg/ml4

HFrEF

Primary outcome:
Worsening HF or 

CV death

Median 
NT-proBNP:
1,437 pg/ml8

HFrEF

Primary outcome:
First HFH or 

CV death

Median 
NT-proBNP:
1,608 pg/ml7

2014 2019 2020 2020

Absolute Benefit of New HF Treatment in 20s Era1–10

Each HF study was conducted independently, and no head-to-head HF studies have been completed that allow direct comparison of the efficacy and/or safety of one drug vs another.
* An HF event was defined as an urgent clinic visit, emergency department visit, or hospitalization for subjectively and objectively worsening HF leading to treatment intensification beyond a change in oral diuretic therapy.
ARR, absolute rate reduction; CV, cardiovascular; HF, heart failure; HFH, heart failure hospitalization; HFrEF, heart failure with reduced ejection fraction; NNT, number needed to treat;
NT-proBNP, N-terminal pro-brain natriuretic peptide; RRR, relative risk reduction.

References: 1. McMurray JJV et al. N Engl J Med 2014;371:993–1004; 2. Chaudhary AG et al. CJC Open 2021;3:646–657; 3. McMurray JJV et al. N Engl J Med 2019;381:1995–2008; 4. Armstrong PW et al.
N Engl J Med 2020;382:1883–1893; 5. Packer M et al. N Engl J Med 2020;383:1413–1424; 6. Teerlink JR et al. N Engl J Med 2021;384:105–116; 7. Zile MR et al. J Am Coll Cardiol 2016;68:2425–2436;
8. McMurray JJV et al. Eur J Heart Fail 2019;12:1402–1411; 9. Januzzi JL et al. J Am Coll Cardiol 2021;78:1321–1332; 10. Teerlink JR et al. Eur J Heart Fail 2020;22:2160–2171. 

Median follow-up 27 mo. Median follow-up 18.2 mo. Median follow-up 10.8  mo. Median follow-up 16 mo.

ARR 2.7

NNT = 39

Annual NNT = 36

RRR 20%

p<0.001

ARR 4.0

NNT = 25

Annual NNT = 36

RRR 26%

p<0.001

ARR 4.2

Annual NNT = 24

RRR 10%

p=0.02

ARR 5.2

NNT = 19

Annual NNT = 14

RRR 25%

p<0.001
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Heidenreich et al 2022 AHA/ACC/HFSA Heart Failure Guideline

blood glucose, not smoking, and healthy dietary 
patterns have been associated with a lower life-
time risk of HF and greater preservation of car-
diac structure.13–16,27 Healthful eating patterns, 
particularly those that are based more on con-
sumption of foods derived from plants, such as 
the Mediterranean, whole grain, plant-based 
diet and the DASH (Dietary Approaches to Stop 
Hypertension) diet, are inversely associated with 
incident HF and may offer some protection against 
HF development.17–21

4. A large-scale unblinded single-center study 
(STOP-HF [The St Vincent’s Screening to Prevent 
Heart Failure])22 of patients at risk of HF (identi-
fied by the presence of hypertension, diabetes, or 
known vascular disease) but without established 
LV systolic dysfunction or symptomatic HF at base-
line found that screening with BNP testing and 
then intervening on those with levels of ≥50 pg/
mL (performing echocardiography and referral to 
a cardiovascular specialist) reduced the composite 
endpoint of asymptomatic LV dysfunction (systolic 

Figure 5. Recommendations (Class 1 and 2a) for Patients at Risk of HF (Stage A) and Those With Pre-HF (Stage B).
Colors correspond to COR in Table 2. COR 1 and COR 2a for patients at risk for HF (stage A) and those with pre-HF (stage B) are shown. 
Management strategies implemented in patients at risk for HF (stage A) should be continued though stage B. ACEi indicates angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; COR, Class of Recommendation; CVD, cardiovascular 
disease; HF, heart failure; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; MI, myocardial infarction; and SGLT2i, 
sodium glucose cotransporter 2 inhibitor.
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all-cause mortality.1 In a separate meta-analysis of 
22 RCTs, specialized multidisciplinary team follow-
up was associated with reduced HF hospitalizations 
and all-cause hospitalizations.2 In a recent meta-
analysis of 22 RCTs, multidisciplinary interventions 
that included a pharmacist reduced HF hospitaliza-
tions.3 In a recent Cochrane systematic review and 
meta-analysis of 43 RCTs, both case management 
(ie, active management of complex patients by case 
managers working in integrated care systems) and 
multidisciplinary interventions (ie, coordinated mul-
tidisciplinary health care interventions and commu-
nications) were shown to reduce all-cause mortality, 
all-cause readmission, and readmission for HF.4

2. Meta-analyses of RCTs have shown that inter-
ventions focused on improving HF self-care 

significantly reduce the risk of HF-related hos-
pitalization,2,5–8 all-cause hospitalization,2,8,9 and 
all-cause mortality,6,9 as well as improve QOL.5 
Interventions that aim to improve self-care knowl-
edge and skill,2,5,8 and those that focus on enhanc-
ing medication adherence9 or reinforce self-care 
with structured telephone support,6,7 are effective 
in patients with HF. There is uncertainty whether 
mobile health–delivered educational interven-
tions improve self-care in patients with HF.39 In 
a single RCT involving rural patients with HF, an 
educational intervention was shown to improve 
knowledge and self-care40 but did not significantly 
decrease the combined endpoint of cardiac death 
or HF hospitalization.41 In a recent pragmatic trial, 
a transitional care services program that included 

Figure 6. Treatment of HFrEF Stages C and D.
Colors correspond to COR in Table 2. Treatment recommendations for patients with HFrEF are displayed. Step 1 medications may be started 
simultaneously at initial (low) doses recommended for HFrEF. Alternatively, these medications may be started sequentially, with sequence guided 
by clinical or other factors, without need to achieve target dosing before initiating next medication. Medication doses should be increased to target 
as tolerated. ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor-neprilysin 
inhibitor; COR, Class of Recommendation; CRT, cardiac resynchronization therapy; GDMT, guideline-directed medical therapy; ICD, implantable 
cardioverter-defibrillator; hydral-nitrates, hydralazine and isosorbide dinitrate; HFrEF, heart failure with reduced ejection fraction; LBBB, left bundle 
branch block; MCS, mechanical circulatory support; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NSR, 
normal sinus rhythm; NYHA, New York Heart Association; and SGLT2i, sodium-glucose cotransporter 2 inhibitor. *Participation in investigational 
studies is appropriate for stage C, NYHA class II and III HF.
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Recommendation-Specific Supportive Text
1. Although the primary outcome in SHIFT was a com-

posite of hospitalization and cardiovascular death, 
the greatest benefit was a reduction in HF hospi-
talization. SHIFT included patients with HFrEF and 
LVEF ≤35% who were in sinus rhythm with a resting 
heart rate of ≥70 bpm. Participants were predomi-
nantly NYHA class II and III. Participants had been 
hospitalized for HF in the preceding 12 months and 
were on stable GDMT for 4 weeks before initiation 
of ivabradine therapy.1–4 The target of ivabradine 
is heart rate, and the benefit of ivabradine results 
from a reduction in heart rate. However, only 25% 
of patients studied in SHIFT were on optimal doses 
of beta-blocker therapy. Given the well-proven mor-
tality benefits of beta-blocker therapy, these agents 
should be initiated and uptitrated to target doses, 
as tolerated, before assessing the resting heart rate 
for consideration of ivabradine initiation.5,6

7.3.9.2. Pharmacological Treatment for Stage C 
HFrEF: Digoxin

Recommendation for the Pharmacological Treatment for Stage C 
HFrEF: Digoxin
Referenced studies that support the recommendation are summarized 
in the Online Data Supplements.

COR LOE Recommendation

2b B-R

1. In patients with symptomatic HFrEF despite 
GDMT (or who are unable to tolerate GDMT), 
digoxin might be considered to decrease hospi-
talizations for HF.1,2

Synopsis
To date, there has been only 1 large-scale, RCT of digox-
in in patients with HF.1 This trial, which predated current 
GDMT, primarily enrolled patients with NYHA class II to 
III HF and showed that treatment with digoxin for 2 to 5 
years had no effect on mortality but modestly reduced 
the combined risk of death and hospitalization. The trial 
also found no significant effect on health-related QOL 
in a subset of the trial patients.3 The effect of digoxin 
on hospitalizations has been supported by retrospective 
analyses and meta-analyses.2,4–6 Additionally, observa-
tional studies and retrospective analyses have shown 
improvement in symptoms and exercise tolerance in mild 
to moderate HF; however, they have mostly shown either 
lack of mortality benefit or increased mortality associated 
with digoxin.7 The benefit in patients on current GDMT 
is unclear because most trials preceded current GDMT. 
Thus, use of digoxin requires caution in patients with HF 
and is reserved for those who remain symptomatic de-
spite optimization of GDMT.

Recommendation-Specific Supportive Text
1. Digoxin is usually initiated at a low dose because 

higher doses are rarely required in the management 
of HF and are potentially detrimental. Two retro-
spective analyses of large-scale clinical trials have 
shown a linear relationship between mortality and 
digoxin serum concentration in patients with AF 
and at risk for stroke, including those with HF, and 
in patients with HF. The risk of death was indepen-
dently associated with serum digoxin concentration, 
with a significantly higher risk observed in those with 
concentrations ≥1.2 ng/mL and ≥1.6 ng/mL.8,9 The 
benefit of digoxin in patients with HF remains con-
troversial. GDMT is expected to be optimized before 
considering the addition of digoxin. Clinical worsen-
ing after withdrawal of digoxin has been shown.10 
Therapy with digoxin may either be continued in the 
absence of a contraindication or discontinued with 
caution.11 Therapy with digoxin is commonly initi-
ated and maintained at a dose of 0.125 to 0.25 mg 
daily. Low doses (0.125 mg daily or every other day) 
should be used initially if the patient is >70 years of 

Figure 7. Additional Medical Therapies for Patients With HFrEF.
Colors correspond to COR in Table 2. Recommendations for additional 
medical therapies that may be considered for patients with HF are 
shown. GDMT indicates guideline-directed medical therapy; HF, 
heart failure; HFH, heart failure hospitalization; HFrEF, heart failure 
with reduced ejection fraction; IV, intravenous; LVEF, left ventricular 
ejection fraction; LVESD, left ventricular end systolic dimension; MV, 
mitral valve; MR, mitral regurgitation; NP, natriuretic peptide; NSR, 
normal sinus rhythm; NYHA, New York Heart Association; and RAASi, 
renin-angiotensin-aldosterone system inhibitors.
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5. The economic value of CRT has been evaluated 
by 3 RCTs (COMPANION,22 MADIT-CRT,26 and 
REVERSE23), 2 model-based analyses,25,27 and 1 
observational study.24 These analyses consistently 
found CRT increased survival and QOL in addition 
to increasing health care costs. However, the eco-
nomic value of CRT likely varies as a result of the 
shown variation in treatment effect.26 Among popu-
lations with larger expected mortality reduction and 
improvement in QOL, such as patients with a LBBB 
with QRS duration >150 ms, the cost per QALY is 
<$60 000.22,26,27 Among other populations expected 
to have smaller treatment benefit, the economic 
value is more uncertain. However, a model-based 
analysis of patients with NYHA class I to II found 
the incremental cost-effectiveness ratio remained 
<$150 000 per QALY with even small reductions in 
all-cause mortality.27 Therefore, CRT likely provides 
at least intermediate value for patients with other 
guideline-indicated recommendations in which CRT 
is expected to reduce mortality.

6. Subgroup analysis of the previously mentioned tri-
als has informed us of the predictors of benefit, 

including longer QRS duration, and LBBB versus 
non-LBBB.28 The most benefit was gained with 
wider QRS durations and with LBBB. This was 
true in COMPANION, CARE-HF, MADIT-CRT, 
REVERSE, and RAFT.17,29–32 A QRS duration >150 
ms was also a predictor of response, and in those 
with non-LBBB, a prolonged PR predicted benefit 
in MADIT-CRT but not in REVERSE.33

7. Extension of benefit to those with LVEF between 
35% and 50% has been seen. In the BLOCK-HF 
(Biventricular versus Right Ventricular Pacing in 
Heart Failure) trial, patients with NYHA class I 
to III HF, LVEF ≤50%, and atrioventricular block 
randomized to RV pacing or CRT, there was ben-
efit to CRT in reduction in the primary outcome of 
death, urgent HF visit, or 15% increase in LV end 
systolic volume.34

8. In the previously mentioned CRT trials, there was 
some benefit for those with LBBB and QRS dura-
tions between 120 and 149, but not as much ben-
efit as those with LBBB ≥150 ms.17,28–32

9. Several trials have included patients with AF. 
In the MUSTIC AF (Multisite Stimulation in 
Cardiomyopathies),44 RAFT,45 and the SPARE 
(Spanish Atrial Fibrillation and Resynchronization)46 
trials, there were benefits in patients with AF, 
while in COMPANION,47 AF attenuated the ben-
efit of CRT. In the PAVE (Post AV Nodal Ablation 
Evaluation) study, patients with NYHA class II to III, 
mean LVEF of 46%, and AF undergoing atrioven-
tricular node ablation, CRT improved the 6-minute 
walk test and LVEF compared with those who were 
RV paced.35

10. In patients in whom there is an expected high bur-
den of ventricular pacing, especially if >40%, CRT 
may be used to reduce mortality, reduce hospital-
izations, and improve symptoms and QOL.35,48

11. Identification of specific arrhythmogenic genetic 
variants such as LMNA/C, desmosomal proteins, 
phospholamban, and Filamin-C carry implications 
for implantation of ICDs for primary prevention 
of sudden death even in patients who have LVEF 
>35%, or <3 months of GDMT. Most patients with 
LMNA/C cardiomyopathy will progress to cardiac 
transplantation, sometimes precipitated by refrac-
tory arrhythmias more than by pump failure.36–38,49

12. Subgroup analysis of the CRT RCTs has shown 
that patients with LVEFs ≤35%, non-LBBB, and 
QRS duration of 120 to 149 ms and NYHA class 
III to ambulatory class IV did not derive as much 
benefit as those with LBBB ≥120 ms.17,28–32

13. The MADIT-CRT trial included NYHA class I (and 
class II) patients with ischemic heart disease, LVEF 
≤30%, and QRS >130 ms.39 Patients with non-
ischemic cardiomyopathy were enrolled if they had 
NYHA class II HF.

Figure 9. Additional Device Therapies.
Colors correspond to COR in Table 2. Recommendations for 
additional nonpharmaceutical interventions that may be considered 
for patients with HF are shown. GDMT indicates guideline-directed 
medical therapy; HF, heart failure; HFH, heart failure hospitalization; 
HFrEF, heart failure with reduced ejection fraction; IV, intravenous; 
LVEF, left ventricular ejection fraction; LVESD, left ventricular end 
systolic dimension; MV, mitral valve; MR, mitral regurgitation; NP, 
natriuretic peptide; NSR, normal sinus rhythm; NYHA, New York 
Heart Association; and PASP, pulmonary artery systolic pressure.
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Management of patients with HFrEF

LVEF !35% and
QRS <130 ms and
where appropriate

(Class I)

SR and
LVEF !35% and
QRS "130 ms

If symptoms persist, consider therapies
with Class II recommendations

LVEF >35% or device
therapy not indicated

or inappropriate

ACE-I/ARNIa

Beta-blocker
MRA
Dapagliflozin/Empagliflozin
Loop diuretic for fluid retention

Ischaemic
(Class I)

Non-ischaemic
(Class IIa)

ICD
QRS "150 ms

(Class I)
QRS 130-149 ms

(Class IIa)

CRT-Db/-P

Figure 2 Therapeutic algorithm of Class I Therapy Indications for a patient with heart failure with reduced ejection fraction. ACE-I = angiotensin-con-
verting enzyme inhibitor; ARNI = angiotensin receptor-neprilysin inhibitor; CRT-D =cardiac resynchronization therapy with defibrillator; CRT-P = cardiac
resynchronization therapy with pacemaker; ICD = implantable cardioverter-defibrillator; HFrEF= heart failure with reduced ejection fraction; MRA = min-
eralocorticoid receptor antagonist; QRS = Q, R, and S waves (on a 12-lead electrocardiogram); SR= sinus rhythm. aAs a replacement for ACE-I. bWhere
appropriate. Class I = green. Class IIa = Yellow.

Pharmacological treatments indicated in patients with (NYHA class II–IV) heart failure with reduced ejection fraction
(LVEF <_40%)

Recommendations Classa Levelb

An ACE-I is recommended for patients with HFrEF to reduce the risk of HF

hospitalization and death.110!113 I A

A beta-blocker is recommended for patients with stable HFrEF to reduce the risk of

HF hospitalization and death.114!120 I A

An MRA is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death.121,122 I A

Dapagliflozin or empagliflozin are recommended for patients with HFrEF to reduce the risk

of HF hospitalization and death.108,109 I A

Sacubitril/valsartan is recommended as a replacement for an ACE-I in patients with HFrEF to reduce the risk of HF

hospitalization and death.105 I B

ACE-I = angiotensin-converting enzyme inhibitor; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; LVEF = left ventricular ejection fraction; MRA = miner-
alocorticoid receptor antagonist; NYHA = New York Heart Association.
aClass of recommendation.
bLevel of evidence.
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5.3 Drugs recommended in all patients with heart failure with reduced ejection
fraction

22 ESC Guidelines
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Pharmacologic therapy for chronic HF  

2022 HFCT Focused Update of the 2019 HFCT Heart Failure Guidelines: J Med Assoc Thai 2022;105(11):1153-9 



Treatment of HF in an Era of Multiple Therapies

Bhatt, A.S. et al. J Am Coll Cardiol HF. 2021;9(1):1-12



Tips and Tricks in Optimizing 
GDMT

Diuretics

SR with LBBB ! 150 ms

To reduce mortality - for all patients

To reduce HF hospitalization/mortality - for selected patients

Volume overload

ACE-I/ARNI BB MRA SGLT2i

Exercise rehabilitation

To reduce HF hospitalization and improve QOL - for all patients

For selected advanced HF patients

CRT-P/D

Atrial fibrillation

Anticoagulation

MCS as BTT/BTC

Aortic stenosis

SAVR/TAVI

Mitral regurgitation

TEE MV Repair

Heart rate SR>70 bpm

Ivabradine

Black Race

Hydralazine/ISDN

ACE-I/ARNI intolerance

ARB

Atrial fibrillation

Digoxin

Coronary artery disease

CABG

Iron deficiency

Ferric carboxymaltose

ICD

Ischaemic aetiology

Heart transplantation Long-term MCS as DT

Multi-professional disease management

Non-ischaemic aetiology

SR with LBBB 130–149 ms or non LBBB ! 150 ms

CRT-P/D

Management of HFrEF

ICD

PVI

Figure 3 Central illustration. Strategic phenotypic overview of the management of heart failure with reduced ejection fraction. ACE-I= angiotensin-convert-
ing enzyme inhibitor; ARB= angiotensin receptor blocker; ARNI= angiotensin receptor-neprilysin inhibitor; BB= beta-blocker; b.p.m.= beats per minute; BTC
= bridge to candidacy; BTT= bridge to transplantation; CABG= coronary artery bypass graft; CRT-D= cardiac resynchronization therapy with defibrillator;
CRT-P= cardiac resynchronization therapy with pacemaker; DT= destination therapy; HF= heart failure; HFrEF=heart failure with reduced ejection fraction;
ICD= implantable cardioverter-defibrillator; ISDN= isosorbide dinitrate; LBBB= left bundle branch block; MCS= mechanical circulatory support; MRA= miner-
alocorticoid receptor antagonist; MV= mitral valve; PVI= pulmonary vein isolation; QOL= quality of life; SAVR= surgical aortic valve replacement; SGLT2i=
sodium-glucose co-transporter 2 inhibitor; SR= sinus rhythm; TAVI= transcatheter aortic valve replacement; TEE= transcatheter edge to edge. Colour code
for classes of recommendation: Green for Class of recommendation I; Yellow for Class of recommendation IIa (see Table 1 for further details on classes of rec-
ommendation). The Figure shows management options with Class I and IIa recommendations. See the specific Tables for those with Class IIb recommendations.

26 ESC Guidelines
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GDMT Dosing: Sequencing and Uptitration

Recommendations for GDMT Dosing: Sequencing and Uptitration 

Referenced studies that support the recommendations are summarized in the Online Data Supplements.

COR LOE Recommendations

1 A

1. In patients with HFrEF, titration of guideline-directed medication dosing to 

achieve target doses showed to be efficacious in RCTs is recommended, to reduce 

cardiovascular mortality and HF hospitalizations, unless not well tolerated.

2a C-EO

2. In patients with HFrEF, titration and optimization of guideline-directed 

medications as frequently as every 1 to 2 weeks depending on the patient’s 

symptoms, vital signs, and laboratory findings can be useful to optimize 

management.



Drug Group Starting dose (mg) Target dose (mg)
   ACE-I

Captopril 6.25 t.i.d 50 t.i.d.
Enalapril 2.5 b.i.d 20 b.i.d
Lisinopril 2.5-5.0 b.i.d 20-30 b.i.d
Ramipril 2.5 o.d. 10 o.d.

   ARB
Candesartan 4-8 o.d. 32 o.d.
Losartan 25-50 o.d. 150 o.d.
Valsartan 20-40  b.i.d 160 b.i.d

   Beta-blockers
Bisoprolol 1.25 o.d. 10 o.d.
Carvedilol 3.125 b.i.d. 25 b.i.d.
Metoprolol succinate 12.5-25 o.d. 200 o.d.
Nabivolol 1.25 o.d. 10 o.d.

   MRAs
Spinololactone 25 o.d. 50 o.d.

   ARNI
Sacubitril/valsatan 50-100 b.i.d. 200 b.i.d.

   SGLT2i
Dapagliflozin 10 o.d. 10 o.d.
Empagliflozin 10 o.d. 10 o.d.



Early comprehensive disease-modifying pharmacological 
could save patient’s life

26

Long-term overall survival with comprehensive disease-modifying therapy vs conventional therapy

Vaduganathan M. et al. Estimating lifetime benefits of comprehensive disease-modifying pharmacological therapies in patients with heart failure with reduced ejection fraction: a comparative analysis of three 
randomised controlled trials, The Lancet 2020, Volume 396, Issue 10244, https://doi.org/10.1016/S0140-6736(20)30748-0. 

(ARNI, β blocker, MRA, and SGLT2i)
(ACEi or ARB and β blocker)

6.3 additional years (for a 55-
year-old) of survival compared 
with conventional therapy

Early comprehensive disease-modifying pharmacological could 
save patient’s live



All-cause Mortality CV Mortality or HHF CV Mortality

Tromp J et al. JACC 2022;10:73–84.

Incidence of CV outcomes according to treatment combination in a large scale systematic meta-analysis (N=95,444)

Early initiation of comprehensive pharmacological treatment 
could improve outcome1

Treatment 
combination Favors Placebo

Treatment 
combination Favors Placebo

Treatment 
combination Favors Placebo

Early initiation of comprehensive pharmacological treatment  
could improved outcome



including kidney function and electrolytes, can be
conducted, if possible, within 4 weeks as an outpa-
tient. Upon discharge, vericiguat starting at 2.5 mg
orally per day can also be initiated.20

STABLE OUTPATIENT WITH DE NOVO NONISCHEMIC

HFrEF. Among patients, with de novo nonischemic
HFrEF, rapid and sequential initiation of low-dose
therapies in multiple classes of quadruple therapy
should be considered (Figure 2C). In this case, low-
dose ARNI (eg, 24/26 mg orally twice a day), BB (eg,
bisoprolol 2.5 mg orally daily), and spironolactone
(12.5 mg orally once daily) can be initiated. Given that
the potassium levels were borderline elevated, early
patient follow-up within 2 weeks to check laboratory
values, blood pressure, and heart rate should occur. If
stable, the patient should be started on an SGLT2i
with follow-up bloodwork to check renal function and
electrolytes within 2 weeks. Furthermore, ongoing
evaluation for assessment of further device therapies
(eg, implantable cardioverter-de!brillators or cardiac
resynchronization therapy) should commence.

STRATEGIES TO ANTICIPANT GDMT-RELATED

ADVERSE EVENTS

Health care providers are frequently concerned with
the potential of acute kidney injury, hypotension,
and hyperkalemia after the initiation and titration of

GDMT in patients with HFrEF (Table 3) (Supplemental
Ref. 12). However, many of these issues can be
anticipated. In cases of chronic kidney disease, it
should be expected that the eGFR will decrease
after initiation of a renin-angiotensin system
inhibitor, ARNI (Supplemental Ref. 13), or SGLT2i
(Supplemental Ref. 14). This action occurs because of
a reduction in glomerular hyper!ltration through a
drop in glomerular pressure. In terms of SGLT2i
compared with other antihyperglycemic therapies in
patients with chronic kidney disease, there is no
increased risk of acute kidney injury on therapy
initiation (Supplemental Refs. 15,16). As previously
described in the landmark MRA in HFrEF trials,
continuation of MRAs in patients with serum potas-
sium levels up to 5.6 mmol/L provided mortality
bene!t.51 Accordingly, health care providers should
continue to pursue strategies to lower serum potas-
sium levels, such as using potassium binders while
attempting to continue MRA therapies. Furthermore,
clinical consensus suggests that practitioners may
consider novel potassium binders, such as patiromer
and sodium zirconium cyclosilicate, to enable the
uptitration of ARNIs/ACE inhibitors/ARBs and MRAs
if hyperkalemia persists3 (Supplemental Ref. 17).

With SGLT2i, there may be an increased risk of mycotic
genital infections but not urinary tract infections. Patients
should be counseled on adequate genital hygiene; if a

TABLE 3 Anticipated Drug-Related Side Effects and Mitigation Strategies

Clinical Parameters to
Initiate and Titrate

Follow-up Laboratory and Clinical
Parameters (Within 2-4 Weeks of

Initiation)
When to Consider Reducing

Dose or Discontinuing Strategies to Mitigate Adverse Side Effects

ARNI/ACE inhibitor/ARB SBP >100 mm Hg
eGFR >30 mL/min/1.73 m2

K! <5.4 mmol/L

Symptoms of postural
hypotension, serum
creatinine, serum potassium

Symptomatic postural hypotension,
K! >5.4 mmol/L, serum increase
creatinine >30% within 4 weeks
of initiating

Recognize that early rise in serum creatinine
is an anticipated effect of drug.
Discontinue antihypertensive medications
without cardiovascular bene!t (eg,
calcium-channel blockers). Can also
consider novel potassium binders such as
patiromer and sodium zirconium
cyclosilicate to enable the uptitration of
ARNI/ACE inhibitor/ARB and MRA if
hyperkalemia persists

BB HR >60 beats/min
SBP >100 mm Hg

No laboratory parameters
needed. Heart rate and SBP

HR <50 beats/min (without PPM),
symptomatic postural
hypotension

If indicated as per practice guidelines,
consider ICD/CRT implantation to
mitigate risk of bradycardia

MRA SBP >100 mm Hg
eGFR >30 mL/min/1.73 m2

K! #5.4 mmol/L

Symptoms of postural
hypotension, serum
creatinine, serum potassium

Symptomatic postural hypotension,
K! >5.5 mmol/L, increase in
serum creatinine >30% within
4 weeks of initiating

Discontinue antihypertensive medications
without cardiovascular bene!t (eg,
calcium-channel blockers)

SGLT2i SBP >100 mm Hg
eGFR >25 mL/min/1.73 m2

Symptoms of postural
hypotension, serum
creatinine, glycemic control
(if diabetic), serum/urine
ketones and lactate (if
presenting in acute
decompensation), genital
mycotic infection

Symptomatic postural hypotension,
increase in serum
creatinine >30% within 4 weeks
of initiating, development of
ketones or elevated lactate if
patient presenting acutely
decompensated

Recognize that early rise in serum creatinine
is an anticipated effect of drug; proper
genital hygiene; if genital mycotic
infection develops, consider treating with
a single oral dose of "uconazole 150 mg.
Counsel patient to temporarily hold
SGLT2i if acutely unwell (eg, viral illness,
dehydration); stop SGLT2i 2-3 days
before procedure or surgery

CRT " cardiac resynchronization therapy; eGFR " estimated glomerular !ltration rate; HR " heart rate; ICD " implantable cardioverter-de!brillator; K! " potassium; SBP " systolic blood pressure; other
abbreviations as in Table 1.
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framework of shared decision-making (https://www.
cardiosmart.org/topics/heart-failure/assets/decision-aid/
drug-options-for-patients-with-heart-failure). The writing
committee is aware that an ARNI may not be easily
accessible to all patients with HFrEF due to challenges
with payer coverage and unaffordable copays. Although
an ARNI is the preferred renin-angiotensin antagonist in
HFrEF, an ACEI/ARB should be used to reduce morbidity
and mortality in patients with HFrEF in such cases where
the decision is not to use an ARNI.

5.1.4. Ivabradine

Heart rate independently predicts outcomes in HFrEF. A
meta-analysis of beta-blocker trials suggests that heart

rate lowering is directly related to improved outcomes
(27). A dose-response relationship for evidence-based
beta-blockers used in HFrEF has been demonstrated
(i.e., the higher the dose, the better the outcome) (27).
Before initiating ivabradine, the dose of an evidence-
based beta-blocker should be optimized and increased to
the target dose as long as excessive bradycardia is not an
issue. Some apparently well-compensated patients on
optimal beta-blocker therapy continue to have a persis-
tent resting heart rate over 70 beats/min, and some pa-
tients do not tolerate up-titration of beta-blockade to the
target dose and have an elevated heart r ate. In patients
on low-dose beta-blockers who may have heart rates
below 70 beats/min, a beta-blocker should continue to be

TABLE 4 Contraindications and Cautions for Sacubitril/Valsartan, Ivabradine, and SGLT2 inhibitors

A) Sacubitril/Valsartan

Contraindications Cautions

n Within 36 hours of ACEI use
n History of angioedema with or without an ACEI

or ARB
n Pregnancy
n Lactation (no data)
n Severe hepatic impairment (Child-Pugh C)
n Concomitant aliskiren use in patients with

diabetes
n Known hypersensitivity to either ARBs

or ARNIs

n Renal impairment:
! Mild-to-moderate (eGFR 30-59 mL/ min/1.73 m2): no starting dose adjustment required
! Severe* (eGFR <30 mL/min/ 1.73 m2): reduce starting dose to 24/26 mg twice daily; double the dose

every 2–4 weeks to target maintenance dose of 97/103 mg twice daily, as tolerated
n Hepatic impairment:

! Mild (Child-Pugh A): no starting dose adjustment required
! Moderate (Child-Pugh B): reduce starting dose to 24/26 mg twice daily; double the dose every 2–4

weeks to target maintenance dose of 97/103 mg twice daily, as tolerated
n Renal artery stenosis
n Systolic blood pressure <100 mm Hg
n Volume depletion

B) Ivabradine

Contraindications Cautions

n HFpEF
n Presence of angina with normal EF
n Hypersensitivity
n Severe hepatic impairment (Child-Pugh C)
n Acute decompensated HF
n Blood pressure <90/50 mm Hg
n Sick sinus syndrome without a pacemaker
n Sinoatrial node block
n 2nd or 3rd degree block without a pacemaker
n Resting heart rate <60 beats/min
n Persistent AF or !utter
n Atrial pacemaker dependence

n Sinus node disease
n Cardiac conduction defects
n Prolonged QT interval

C) SGLT2 Inhibitors

Contraindications Cautions

n Not approved for use in patients with type I
diabetes
due to increased risk of diabetic ketoacidosis

n Known hypersensitivity to drug
n Lactation (no data)
n On dialysis

n For HF care, dapagli!ozin, eGFR <30 mL/min/1.73 m2

n For HF care, empagli!ozin, eGFR <20 mL/min/1.73 m2

n Pregnancy
n Increased risk of mycotic genital infections
n May contribute to volume depletion. Consider altering diuretic dose if applicable
n Ketoacidosis in patients with diabetes:

n Temporary discontinuation before scheduled surgery is recommended to avoid potential risk for
ketoacidosis

n Assess patients who present with signs and symptoms of metabolic acidosis for ketoacidosis,
regardless of blood glucose level

n Acute kidney injury and impairment in renal function: consider temporarily discontinuing in settings of
reduced oral intake or !uid losses

n Urosepsis and pyelonephritis: evaluate patients for signs and symptoms of urinary tract infections and
treat promptly, if indicated

n Necrotizing fasciitis of the perineum (Fournier’s gangrene): rare, serious, life-threatening cases have
occurred in both female and male patients; assess patients presenting with pain or tenderness,
erythema, or swelling in the genital or perineal area, along with fever or malaise

*This population was not studied in PARADIGM-HF. The statement is consistent with FDA-approved labeling indications.

ACEI " angiotensin converting enzyme inhibitor; AF " atrial "brillation; ARB " angiotensin receptor blocker; EF " ejection fraction; eGFR " estimated glomerular "ltration rate;
ESRD " end-stage renal disease; FDA " Food and Drug Administration; HF " heart failure; HFpEF " heart failure with preserved ejection fraction; PARADIGM-HF " Prospective
Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in HF; SGLT2 " sodium-glucose cotransporter-2.

J A C C V O L . 7 7 , N O . 6 , 2 0 2 1 Maddox et al.
F E B R U A R Y 1 6 , 2 0 2 1 : 7 7 2 – 8 1 0 2021 Update to 2017 ECDP for Optimization of Heart Failure Treatment
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Contraindication and cautions for SGLT2 inhibitors



Diabetologia volume 61, pages 2118–2125 (2018) J Am Coll Cardiol. 2020;75(4):435-47.

Overview of favorable & unfavorable Cardio-Metabolic-Renal Effects of SGLT2is



Pharmacologic treatment of HFrEF according to various consideration factors.  

2022 HFCT Focused Update of the 2019 HFCT Heart Failure Guidelines: J Med Assoc Thai 2022;105(11):1153-9 



Tailoring of medical therapy according to clinical profiles

European Journal of Heart Failure (2021) 23, 872–881 

§ HR
§ BP
§ AF
§ CKD/HK



Patient pro!ling in heart failure for tailoring medical therapy 877

Figure 2 Tailoring of medical therapy according to clinical pro!les. According to some patient characteristics – blood pressure (BP), heart rate
(HR), presence of atrial !brillation (AF), chronic kidney disease (CKD) or hypertension, some drugs may have to be reduced, discontinued, or
added. Black—drugs that should be given to patients; red—drugs that should be reduced or discontinued; blue—drugs that should be added.
*In patients with predominant chronic coronary syndrome, BP threshold is 120/80 mmHg. ACEi, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; MRA, mineralocorticoid receptor antagonist; SGLT2i,
sodium–glucose co-transporter 2 inhibitor.

a systolic blood pressure >120 mmHg is recommended.46 This
pro!le is not frequent in outpatient clinical practice, and its pre-
sentation should trigger an evaluation of causes of low blood
pressure, such as hypovolaemia, bleeding, or infection. All non-HF
medications should be reviewed, and the need for nitrates, cal-
cium channel blockers and other vasodilators should be recon-
sidered, and whenever possible stopped as they have no prog-
nostic bene!t. If the patient is euvolaemic, reduction or discon-
tinuation of diuretics can be attempted, and careful monitoring
in the following days is necessary to avoid "uid retention. Mod-
ifying GDMT or its dosage needs to be addressed only if the
patient has symptomatic hypotension. Lower heart rate is asso-
ciated with improved survival in HFrEF and sinus rhythm, and the
most favourable outcome is observed with a heart rate around
60 bpm.47 BB are part of the core of HFrEF therapy, and should
be up-titrated to the target or maximal tolerated dose. In the
COPERNICUS trial, among patients with a systolic blood pres-
sure of 85 to 95 mmHg, there was no evidence of any decline in
systolic blood pressure after BB treatment, compared to placebo.
These patients were at highest risk of an event, and experi-
enced the greatest absolute bene!t from treatment with BB.48

In the CARVIVA HF trial, the combination of a BB with ivabra-
dine allowed patients to reach higher doses of both drugs, than
isolated up-titration.49 In patients with symptomatic hypotension, ..
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. and after considering withdrawal of unnecessary blood pressure

lowering medications, the reduction or even discontinuation of BB
may be necessary. In this situation, ivabradine, whose sole mode
of action is to reduce heart rate with no effect on blood pres-
sure, represents an important therapeutic resource. MRAs and
SGLT2i have a very modest impact on blood pressure, so their
discontinuation is not mandatory or rarely necessary.50–52 Use of
sacubitril/valsartan is contraindicated in patients with systolic blood
pressure <100 mmHg. Omecamtiv mecarbil seems a very interest-
ing treatment option in more severely affected patients within this
phenotype.

Pro!le 2: Patients with low blood
pressure and low heart rate
Consider other causes of hypotension, and other medications as
in pro!le 1. Modifying GDMT or its dosing needs to be addressed
only if the patient has symptomatic hypotension. MRAs and SGLT2i
have a very modest effect on blood pressure, so their withdrawal is
not necessary. Reduction of BB may be necessary if the patient has
a heart rate <50 bpm, or symptomatic bradycardia. Omecamtiv
mecarbil is a viable treatment option in these patients where
limited GDMT can be used.

© 2021 European Society of Cardiology

European Journal of Heart Failure (2021) 23, 872–881 



Editorial comment 1515

Figure 1 Comparing the traditional serial strategy for guideline-directed medical therapy (GDMT) implementation with the simultaneous
rapid sequence strategy. Simultaneous rapid sequence initiation and titration leverages the early clinical bene!ts of each individual therapy and
seeks to treat heart failure with reduced ejection fraction (HFrEF) with the urgency it deserves. ACEI, angiotensin-converting enzyme inhibitor;
ARNI, angiotensin receptor–neprilysin inhibitor; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium–glucose co-transporter 2
inhibitor. Top panel adapted and modi!ed with permission from Dr. Gregg C. Fonarow, bottom panel adapted and modi!ed with permission
from Greene et al.6

endpoint of HF hospitalization or death ranged from 40 per 100
patient-years for ACEI/ARB users to 87 per 100 patient-years for
ARNI users. The results were largely consistent across all three
countries.

Savarese and colleagues should be congratulated for an elegant
study that broadens our understanding of real-world patterns
of GDMT use, persistence, and titration following initiation.7 ..

..
..

..
..

..
..

..
..

..
. Nonetheless, limitations should be noted. First, the diagnosis of

HF was based on diagnosis codes from a recent hospitalization,
and data on left ventricular ejection fraction were not available.
Hence, although likely high, the exact proportion of patients in
this analysis with HFrEF is unknown. This issue may be particu-
larly relevant when interpreting rates of drug discontinuation, as
thresholds to discontinue these medications may be lower among

© 2021 European Society of Cardiology

Traditional serial 
strategy for GDMT vs. 

simultaneous rapid 
sequence strategy 

European Journal of Heart Failure (2021) 23, 1514–1517 
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Figure 1 Comparing the traditional serial strategy for guideline-directed medical therapy (GDMT) implementation with the simultaneous
rapid sequence strategy. Simultaneous rapid sequence initiation and titration leverages the early clinical bene!ts of each individual therapy and
seeks to treat heart failure with reduced ejection fraction (HFrEF) with the urgency it deserves. ACEI, angiotensin-converting enzyme inhibitor;
ARNI, angiotensin receptor–neprilysin inhibitor; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium–glucose co-transporter 2
inhibitor. Top panel adapted and modi!ed with permission from Dr. Gregg C. Fonarow, bottom panel adapted and modi!ed with permission
from Greene et al.6

endpoint of HF hospitalization or death ranged from 40 per 100
patient-years for ACEI/ARB users to 87 per 100 patient-years for
ARNI users. The results were largely consistent across all three
countries.

Savarese and colleagues should be congratulated for an elegant
study that broadens our understanding of real-world patterns
of GDMT use, persistence, and titration following initiation.7 ..
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..
. Nonetheless, limitations should be noted. First, the diagnosis of

HF was based on diagnosis codes from a recent hospitalization,
and data on left ventricular ejection fraction were not available.
Hence, although likely high, the exact proportion of patients in
this analysis with HFrEF is unknown. This issue may be particu-
larly relevant when interpreting rates of drug discontinuation, as
thresholds to discontinue these medications may be lower among

© 2021 European Society of Cardiology

Traditional Serial Strategy

Simultaneous or rapid sequence strategy
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Structured Graphical Abstract

Potential reductions in events from accelerated up-titration and optimized ordering of treatment sequence compared with the conventional
schedule.

Keywords Heart failure • Pharmacology • Treatment • Mortality • Hospitalization

Introduction
In patients with heart failure and reduced ejection fraction (HFrEF),
two further pharmacological approaches—inhibition of neprilysin
and sodium–glucose cotransporter 2 (SGLT2)—have been shown
to improve survival when added to the original ‘core’ therapies of
a renin–angiotensin system blocker, a beta-blocker, and a mineralo-
corticoid receptor antagonist (MRA).1–5 Until recently, treatment
guidelines and associated prescribing guidance advocated using these
therapies according to the chronology of the trials, i.e. starting with

an angiotensin-converting enzyme inhibitor (ACEI) or angiotensin re-
ceptor blocker (ARB), adding a beta-blocker, adding an MRA, switch-
ing to sacubitril/valsartan (i.e. adding a neprilysin inhibitor) and,
following precedent, SGLT2 inhibition would be added last (although
that was not the case in the 2021 ESC guideline).1,2,6 It was also re-
commended that patients should be titrated to the ‘target’ dose (or
maximally tolerated dose below that) of the !rst therapy before
starting the second and so on.1,2 But is this the correct approach?
If it is accepted that each of these !ve life-saving therapies acts

2574 Li Shen et al.
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Potential reductions in events from accelerated up-titration and optimized 
ordering of treatment sequence compared with the conventional schedule. 

European Heart Journal (2022) 43, 2573–2587 

• Sequence 1: conventional 
sequence of treatments using, in 
order a RASi, a beta-blocker, an 
MRA, an ARNI. 

• Sequence 1a: accelerated 
approach to up-titration of the 
conventional sequence. 

• Sequence 1b: drug sequencing 
starting with an ARNI rather than a 
RASi, and up-titrating all drugs 
rapidly, as in Sequence 1a. 

• Sequences 2–3: new treatment 
sequences found to be most 
advantageous over the accelerated 
conventional sequence.
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Drugs of Unproven Value or That May 
Worsen HF 

Recommendations for Drugs of Unproven Value or Drugs That May Worsen HF

Referenced studies that support the recommendations are summarized in the Online Data Supplements.

COR LOE Recommendations

3: No 

Benefit
A

1. In patients with HFrEF, dihydropyridine calcium channel-blocking drugs are not 

recommended treatment for HF.

3: No 

Benefit
B-R

2. In patients with HFrEF, vitamins, nutritional supplements, and hormonal therapy are 

not recommended other than to correct specific deficiencies.

3: Harm A
3. In patients with HFrEF, nondihydropyridine calcium channel-blocking drugs are not 

recommended.
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Drugs of Unproven Value or That May 
Worsen HF (con’t.)

3: Harm A
4. In patients with HFrEF, class IC antiarrhythmic medications and dronedarone may 

increase the risk of mortality.

3: Harm A
5. In patients with HFrEF, thiazolidinediones increase the risk of worsening HF 

symptoms and hospitalizations.

3: Harm B-R

6. In patients with type 2 diabetes and high cardiovascular risk, the dipeptidyl 

peptidase-4 (DPP-4) inhibitors saxagliptin and alogliptin increase the risk of HF 

hospitalization and should be avoided in patients with HF.

3: Harm B-NR
7. In patients with HFrEF, NSAIDs worsen HF symptoms and should be avoided or 

withdrawn whenever possible.



GDMT: Tips and tricks
• Class I recommendation: ARNI/ACEI/ARB, BB, MRA, and SGLT2i


• Reduce medications with no benefit on CV outcomes: ISMN, CCB (dihydropyridine), vasodilators, 
diuretics


• Low blood pressure ≠ hypotension, asymptomatic SBP < 100 mmHg is acceptable.


• Postural hypotension: split dose, slow titration, at night, and avoid over diuresis


• Change ACEI to ARNI, need at lease 36 hr washout


• After titrating ACE/ARB/ARNI, MRA, SGLT2i, and diuretics, check electrolytes, creatinine GFR in 7–10 
days. Up to 30% decline in renal function and potassium level up to 5.5 mmol/L are considered 
acceptable.


• Tailoring of medical therapy according to clinical profiles and rapid sequence strategy 


• GDMT be continued in patients with HFimpEF, including those who are asymptomatic, to prevent 
relapse of HF and LV dysfunction.


• Patient self-monitoring: HF symptoms, BW, I/O, BP and HR



Devices in Heart failure



Implantable Cardioverter-
Defibrillator (ICD)



Ladejobi et al; ICDs and Reversible Causes of SCA

Circ Arrhythm Electrophysiol. 2018;11:e005940. DOI: 10.1161/CIRCEP.117.005940 March 2018 2

Sudden cardiac arrest (SCA) is the number one cause 
of death in adults in industrialized countries, with 
an annual mortality in the United States surpassing 

300 000.1–7 Implantable cardioverter-defibrillators (ICDs) 
are implanted in high-risk patients to prevent SCA as 
many of these patients are at risk for subsequent le-
thal ventricular arrhythmia. Large randomized trials8–10 
have demonstrated benefits of ICD therapy in reducing 
all-cause mortality in patients with ventricular arrhyth-

mias notably ventricular fibrillation or hemodynamically 
unstable ventricular tachycardia. On the basis of these 
trials, published guidelines recommend ICD implanta-
tion in survivors of SCA unless the cause of the SCA is 
deemed reversible and correctible.11,12 Reversible causes 
of SCA are reported in 12% to 73% of cases but usu-
ally account for !50% of SCA.13,14 In patients with a 
reversible cause of SCA, an ICD is implanted in !40% of 
survivors13 without clear evidence to guide this decision.

Determining the exact cause of an SCA and wheth-
er it is reversible is fraught with uncertainty. Presumed 
reversible causes of SCA, such as electrolyte abnormali-
ties, may be consequences of the SCA and associated 
resuscitation efforts. In addition, reversible causes of 
SCA, such as myocardial infarction (MI) or ischemia, may 
not be avoidable in follow-up and may unveil a predis-
position, perhaps genetic, to electric instability in certain 
individuals. In fact, analyses of the AVID (Antiarrhythmics 
Versus Implantable Defibrillators) registry14,15 have dem-
onstrated a very high all-cause mortality and SCD during 
follow-up in survivors of SCA associated with a revers-
ible cause. Thus, although unproven, the presence of an 
identified reversible cause for SCA may not preclude risk 
of future ventricular arrhythmias, and ICD therapy may 
therefore improve survival. The present study examined 
these questions in a large cohort of SCA survivors.

METHODS
The data, analytic methods, and study materials will be 
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Patient Population
Survivors of SCA admitted to the hospitals of the University 
of Pittsburgh Medical Center between 2000 and 2012 
were included in this analysis. The University of Pittsburgh 

WHAT IS KNOWN?
• Implantable cardioverter-defibrillators are indi-

cated for survivors of sudden cardiac arrest (SCA), 
except for those whose SCA occurs in the context 
of a reversible and correctible cause.

• Reversible and correctible causes of SCA are not 
clearly defined.

• Patients who survive an SCA in the context of a pre-
sumed reversible cause have a high mortality rate.

WHAT THE STUDY ADDS?
• More than half of the patients who survive an SCA 

in the context of a reversible and correctable cause 
have an acute myocardial infarction or myocardial 
ischemia.

• In patients with reversible cause of SCA, implant-
able cardioverter-defibrillator therapy is delivered 
to 26% of patients and is associated with a lower 
all-cause mortality, even after adjusting for base-
line cofounders.

• In subgroup analysis, implantable cardioverter-
defibrillator therapy was associated with lower 
mortality in all survivors of SCA because of a 
reversible cause, except in those who presented 
with acute myocardial infarction and underwent 
complete revascularization.
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
Secondary prevention
An ICD is recommended to reduce the risk of sudden death and all-cause 
mortality in patients who have recovered from a ventricular arrhythmia causing
haemodynamic instability, and who are expected to survive for >1 year with good 
functional status, in the absence of reversible causes or unless the ventricular
arrhythmia has occurred <48 h after a MI.

I A

Primary prevention
An ICD is recommended to reduce the risk of sudden death and all-cause 
mortality in patients with symptomatic HF (NYHA class II-III) of an ischaemic
aetiology (unless they have had a MI in the prior 40 days–see below), and an LVEF 
≤35% despite ≥3 months of OMT, provided they are expected to survive 
substantially longer than 1 year with good functional status.

I A

Recommendations for an implantable cardioverter-defibrillator in 
patients with heart failure (1)

HF = heart failure; ICD = implantable cardioverter-defibrillator; LVEF = left ventricular ejection fraction; MI = myocardial infarction; NYHA =New York Heart Association; OMT= optimal 
medical therapy.
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
Secondary prevention
An ICD is recommended to reduce the risk of sudden death and all-cause 
mortality in patients who have recovered from a ventricular arrhythmia causing
haemodynamic instability, and who are expected to survive for >1 year with good 
functional status, in the absence of reversible causes or unless the ventricular
arrhythmia has occurred <48 h after a MI.

I A

Primary prevention
An ICD is recommended to reduce the risk of sudden death and all-cause 
mortality in patients with symptomatic HF (NYHA class II-III) of an ischaemic
aetiology (unless they have had a MI in the prior 40 days–see below), and an LVEF 
≤35% despite ≥3 months of OMT, provided they are expected to survive 
substantially longer than 1 year with good functional status.

I A

Recommendations for an implantable cardioverter-defibrillator in 
patients with heart failure (1)

HF = heart failure; ICD = implantable cardioverter-defibrillator; LVEF = left ventricular ejection fraction; MI = myocardial infarction; NYHA =New York Heart Association; OMT= optimal 
medical therapy.
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
Primary prevention (continued)
An ICD should be considered to reduce the risk of sudden death and all-cause 
mortality in patients with symptomatic HF (NYHA class II-III) of a non-ischaemic
aetiology, and an LVEF ≤35% despite ≥3 months of OMT, provided they are 
expected to survive substantially longer than 1 year with good functional status.

IIa A

Patients should be carefully evaluated by an experienced cardiologist before
generator replacement, because management goals, the patient’s needs and 
clinical status may have changed.

IIa B

A wearable ICD may be considered for patients with HF who are at risk of sudden
cardiac death for a limited period or as a bridge to an implanted device.

IIb B

Recommendations for an implantable cardioverter-defibrillator in 
patients with heart failure (2)

HF = heart failure; ICD = implantable cardioverter-defibrillator; LVEF = left ventricular ejection fraction; NYHA =New York Heart Association; OMT= optimal medical therapy.



Cardiac Resynchronization 
Therapy (CRT)



CRT
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
CRT is recommended for symptomatic patients with HF in SR with a QRS duration
≥150 ms and LBBB QRS morphology and with LVEF ≤35% despite OMT in order to
improve symptoms and reduce morbidity and mortality.

I A

CRT should be considered for symptomatic patients with HF in SR with a QRS
duration of 130–149 ms and LBBB QRS morphology and with LVEF ≤35% despite
OMT in order to improve symptoms and reduce morbidity and mortality.

I B

CRT should be considered for symptomatic patients with HF in SR with a QRS
duration ≥150 ms and non-LBBB QRS morphology and with LVEF ≤35% despite
OMT in order to improve symptoms and reduce morbidity and mortality.

IIa B

CRT may be considered for symptomatic patients with HF in SR with a QRS duration
of 130–149 ms and non-LBBB QRS morphology and with LVEF ≤35% despite OMT in
order to improve symptoms and reduce morbidity and mortality.

IIb B

Recommendations for cardiac resynchronization therapy implantation in 
patients with heart failure (1)

AF = atrial fibrillation; AV = atrio-ventricular; CRT = cardiac resynchronization therapy; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; ICD = implantable cardioverter-defibrillator; LBBB = left
bundle branch block; LVEF = left ventricular ejection fraction; NYHA= New York Heart Association; OMT= optimal medical therapy (class I recommended medical therapies for at least 3 months); QRS =Q, R, and S 
waves (combination of three of the graphical deflections); RV = right ventricular; SR = sinus rhythm.

Sinus rhythm QRS ≥ 150 ms LBBBEF ≤ 35% 
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
CRT is recommended for symptomatic patients with HF in SR with a QRS duration
≥150 ms and LBBB QRS morphology and with LVEF ≤35% despite OMT in order to
improve symptoms and reduce morbidity and mortality.

I A

CRT should be considered for symptomatic patients with HF in SR with a QRS
duration of 130–149 ms and LBBB QRS morphology and with LVEF ≤35% despite
OMT in order to improve symptoms and reduce morbidity and mortality.

I B

CRT should be considered for symptomatic patients with HF in SR with a QRS
duration ≥150 ms and non-LBBB QRS morphology and with LVEF ≤35% despite
OMT in order to improve symptoms and reduce morbidity and mortality.

IIa B

CRT may be considered for symptomatic patients with HF in SR with a QRS duration
of 130–149 ms and non-LBBB QRS morphology and with LVEF ≤35% despite OMT in
order to improve symptoms and reduce morbidity and mortality.

IIb B

Recommendations for cardiac resynchronization therapy implantation in 
patients with heart failure (1)

AF = atrial fibrillation; AV = atrio-ventricular; CRT = cardiac resynchronization therapy; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; ICD = implantable cardioverter-defibrillator; LBBB = left
bundle branch block; LVEF = left ventricular ejection fraction; NYHA= New York Heart Association; OMT= optimal medical therapy (class I recommended medical therapies for at least 3 months); QRS =Q, R, and S 
waves (combination of three of the graphical deflections); RV = right ventricular; SR = sinus rhythm.

SR QRS ≥ 150 ms LBBBEF ≤ 35% 
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
CRT rather than RV pacing is recommended for patients with HFrEF regardless of 
NYHA class or QRS width who have an indication for ventricular pacing for high 
degree AV block in order to reduce morbidity. This includes patients with AF.

I A

Patients with an LVEF ≤35% who have received a conventional pacemaker or an ICD 
and subsequently develop worsening HF despite OMT and who have a significant 
proportion of RV pacing should be considered for ‘upgrade’ to CRT.

IIa B

CRT is not recommended in patients with a QRS duration <130 ms who do not 
have an indication for pacing due to high degree AV block. III A

Recommendations for cardiac resynchronization therapy implantation in 
patients with heart failure (2)

AF = atrial fibrillation; AV = atrio-ventricular; CRT = cardiac resynchronization therapy; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; ICD = implantable 
cardioverter-defibrillator; LBBB = left bundle branch block; LVEF = left ventricular ejection fraction; NYHA= New York Heart Association; OMT= optimal medical therapy (class I 
recommended medical therapies for at least 3 months); QRS =Q, R, and S waves (combination of three of the graphical deflections); RV = right ventricular; SR = sinus rhythm.



Management of comorbidities
• Hypertension

• Ischemic heart disease

• Hyperlipidemia

• Anemia

• Diabetes

• Atrial fibrillation

• Chronic kidney disease

• COPD/Asthma


• Arthritis/Gout

• OSA/Sleep disturbance

• Obesity

• Depression

• Dementia

• Cancer

• Erectile dysfunction

• Prostatic obstruction



stores, and low levels (<100 !g/L in heart failure patients)
are highly speci!c for absolute iron de!ciency (Table 2).6

Therefore, this patient unequivocally had absolute iron de!-
ciency whereby total body iron stores are depleted and may
occur with iron homeostasis mechanisms and erythropoiesis
still intact.6,21

It is critical, however, to recognize that functional iron de-
!ciency can be present even if serum ferritin levels are
seemingly normal or even elevated. This is because serum
ferritin is an acute-phase reactant that re"ects the in"am-
matory milieu of heart failure.25 Furthermore, chronic

kidney disease, another chronic in"ammatory condition, is
highly prevalent in patients with CHF.26 The patient in this
case study had an estimated glomerular !ltration rate of
51 mL/min/1.73 m2 suggesting mild to moderate loss of
renal function (chronic kidney disease Stage 3).27 Notably,
laboratory results commonly also report reference values
for serum ferritin and TSAT as measured in patients without
in"ammation. It is therefore important to understand that
these reference values do not apply to patients with heart
failure, who are characterized by latent in"ammation.
Functional iron de!ciency is due to inadequate transport

Figure 1 (A) Diagnostic and (B) treatment algorithms for iron de!ciency in patients with chronic heart failure.1 *The use of ferric carboxymaltose has
not been studied in children and is therefore not recommended in children under 14 years old. For full prescribing information, please refer to the
summary of product characteristics.20 †The maximum dose per week of ferric carboxymaltose is 1000 mg. Two dosing sessions are required in case
the patient needs >1000 mg ferric carboxymaltose.20 Algorithms adapted from Cappellini et al.1 and McDonagh and Macdougall.7 Hb, haemoglobin;
i.v., intravenous; NYHA, New York Heart Association; TSAT, transferrin saturation.

Table 2 Summary of absolute and functional iron de!ciency in CHF6,21,22

Absolute iron de!ciency Functional iron de!ciency

Aetiology Decreased iron intake and GI
absorption; increased blood
loss

Pro-in"ammatory mediators, e.g. interleukin-6 in chronic in"ammation,
trigger up-regulation of the hepatic hormone hepcidin and subsequent
internalization and degradation of the iron transporter ferroportin.
This in turn causes iron sequestration in enterocytes and
reticuloendothelial cellsa

Iron stores Depleted Normal or abundant but iron unavailable
Iron availability Decreased Decreased
Serum ferritin levels <100 !g/Lb >100 to <300 !g/L
TSAT levels < 20% < 20%

CHF, chronic heart failure; GI, gastrointestinal; TSAT, transferrin saturation.
aThe role of locally produced hepcidin in CHF is still unknown.6
bIn the absence of a chronic in"ammatory disease state, serum ferritin levels <30 !g/L indicate absolute iron de!ciency.23,24

766 C.S.P. Lam et al.

ESC Heart Failure 2018; 5: 764–771
DOI: 10.1002/ehf2.12333

LAM CSP, et al. ESC Heart Failure 2018; 5: 764–771 

Diagnostic  algorithm for iron 
deficiency in patients with HF

Anemia in HF

Grote Beverborg, N. Et al, J Am Coll Cardiol HF. 2018;6(3):201-8

IDA associated with reduced 
exercise capacity, recurrent HF 

hospitalizations, high CV and all-
cause mortality.

Exclude other causes for anemia depending on 
clinical status 
•  Occult bleeding (e.g.GI malignancy)

•  Renal (erythropoietin)

•  Other deficiency (e.g. vitamin B12, folic acid)

•  Other haemoglobinopathies (e.g. thalassemia, 

sickle cell anemia) 
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2021	ESC	Guidelines	for	the	diagnosis and	treatment of	acute	and	chronic heart failure
(European Heart Journal	2021	– doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
It	is recommended that all	patients	with HF	be periodically screened for	anaemia and	
iron deficiency with a	full	blood count,	serum ferritin concentration,	and	TSAT. I C

Intravenous iron supplementation with ferric carboxymaltose should be considered in	
symptomatic patients	with LVEF	<45%	and	iron deficiency,	defined as	serum ferritin
<100	ng/mL or	serum ferritin 100–299	ng/mL with TSAT	<20%,	to	alleviate HF	
symptoms,	improve exercise capacity and	QOL.

IIa A

Intravenous iron supplementation with ferric carboxymaltose should be considered in	
symptomatic HF	patients	recently hospitalized for	HF	and	with LVEF	<50%	and	iron
deficiency,	defined as	serum ferritin <100	ng/mL or	serum ferritin 100–299	ng/mL with
TSAT	<20%,	to	reduce the	risk of	HF	hospitalization.

IIa B

Recommendations for	anaemia and	iron deficiency in	patients	with
heart failure

HF	=	heart failure;	LVEF	=	left ventricular ejection fraction;	QOL=	quality of	life;	TSAT	=	transferrin saturation.

•Oral iron no proven efficacy compared with placebo (IRONOUT HF trial) 
•Erythropoietin stimulating agents are not indicated for the treatment of anaemia in HF (Class III)



or transplant). In some patients, it may be reasonable to
wait longer for such decisions if there is an expectation
that LV remodeling might further progress. For example,
in the PROVE-HF study, increases in LVEF and reduction

in LV volumes continued over 12 months in some patients
(11). Repeat imaging may also be considered at the time of
important changes in clinical status (3). Routine surveil-
lance echocardiograms (e.g., annually) in the absence of

FIGURE 4 Testing and Medication Titration Following Diagnosis of HFrEF
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10 Advanced heart failure

Supplementary Table 13 Suggested clinical, laboratory, and echocardiographic criteria to trigger referral to a special-
ized heart failure or advanced heart failure unit

Clinical Laboratory Imaging Risk score data

• >1 HF hospitalization in last year

• NYHA class III!IV

• Intolerant of optimal dose of

any GDMT HF drug

• Increasing diuretic requirement

• SBP <_ 90 mmHg

• Inability to perform CPET

• 6MWT <300 m

• CRT non responder clinically

• Cachexia, unintentional weight loss

• KCCQ decrease >5 units

• eGFR <45 mL/min

• SCr >_160 lmol/L

• K" >5.2 or <3.5 mmol/L

• Hyponatraemia

• Hb <_ 120 g/L

• Persistently elevated high

BNP/NT-proBNP, e.g. NT-

proBNP >_1000 pg/mL

• Abnormal liver function test

• Low albumin

• LVEF <_ 30%

• Large area of akinesis/dyskine-

sis or aneurysm

• Moderatea-severe mitral

regurgitation

• RV dysfunction

• Systolic PA pressure

>_50 mmHg

• Moderate-severe tricuspid

regurgitation

• Difficult to grade aortic

stenosis

• IVC dilated or without respira-

tory variation

• MAGGIC predicted survival

<_ 80% at 1 year

• SHFM predicted survival

<_ 80% at 1 year

• MECKI predicted survival

<_ 80% at 1 year

6MWT = 6-minute walk test; BNP = B-type natriuretic peptide; CPET = cardiopulmonary exercise test; CRT = cardiac resynchronization therapy; eGFR = estimated glomeru-
lar filtration rate; GDMT = guideline-directed medical therapy; Hb = haemoglobin; HF = heart failure; IVC = inferior vena cava; K" = potassium; KCCQ = Kansas City
Cardiomyopathy Questionnaire; LVAD = left ventricular assist device; LVEF = left ventricular ejection fraction; MAGGIC = Meta-Analysis Global Group in Chronic Heart
Failure; MECKI = Metabolic Exercise test data combined with Cardiac and Kidney Indexes; NT-proBNP = N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart
Association; PA = pulmonary artery; RV = right ventricular; SBP = systolic blood pressure; SCr = serum creatinine; SHFM = Seattle Heart Failure Model.
aModerate mitral regurgitation alone is not sufficient but is one factor suggesting risk of progression and should be considered together with other variables.
Note that this table reflects many clinically relevant but sometimes subjective and non-specific criteria. With these criteria, sensitivity has been prioritized over specificity, i.e.
many criteria may be present in patients who do not need referral, but by considering these criteria in a comprehensive assessment, there is a lower risk that high-risk patients
may be missed or referred too late. While cut-offs exist for transplantation listing or LVAD implantation, there are no data to support specific cut-offs for referral to a HF
centre.

Supplementary Table 14 ‘I Need Help’ markers of advanced heart failure

I Inotropes Previous or ongoing requirement for dobutamine, milrinone, dopamine, or levosimendan

N NYHA class/NP Persisting NYHA class III or IV and/or persistently high BNP or NT-proBNP

E End-Organ Dysfunction Worsening renal or liver dysfunction in the setting of HF

E Ejection Fraction Very low EF <20%

D Defibrillator shocks Recurrent appropriate defibrillator shocks

H Hospitalizations More than 1 hospitalization with HF in the last 12 months

E Edema/Escalating diuretics Persisting fluid overload and/or increasing diuretic requirement

L Low blood pressure Consistently low blood pressure with SBP <90 to 100 mmHg

P Prognostic medication Inability to uptitrate (or need to decrease/cease) ACE-Is, beta-blockers, ARNIs, or MRAs

ACE-I = angiotensin-converting enzyme inhibitor; ARNI = angiotensin receptor-neprilysin inhibitor; BNP = B-type natriuretic peptide; EF = ejection fraction; HF = heart failure;
MRA = mineralocorticoid receptor antagonist; NP = natriuretic peptide; NT-proBNP = N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart Association;
SBP = systolic blood pressure. Reprinted from78,79
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

All the following criteria must be present despite OMT:
1. Severe and persistent symptoms of heart failure [NYHA class III (advanced) or IV].
2. Severe cardiac dysfunction defined by (at least one of the  following):

• LVEF (≤30%)
• Isolated RV failure (e.g., ARVC)
• Non-operable severe valve abnormalities or congenital abnormalities
• Persistently high (or increasing) BNP or NT-proBNP values and severe diastolic

dysfunction or LV structural abnormalities (according to the definitions of HFpEF)
3. Episodes of pulmonary or systemic congestion requiring high-dose i.v. diuretics (or diuretic

combinations) or episodes of low output requiring inotropes or vasoactive drugs or 
malignant arrhythmias causing >1 unplanned visit or hospitalization in the last 12 months.

4. Severe impairment of exercise capacity with inability to exercise or low 6MWT (<300 m) or 
pVO2 <12 mL/kg/min or <50% predicted value, estimated to be of cardiac origin.

Criteria for definition of advanced heart failure

6MWT= 6-minute walk test; ARVC = arrhythmogenic right ventricular cardiomyopathy; BNP = B-type natriuretic peptide; HFpEF = heart failure with preserved éjection fraction; i.v. = 
intravenous; LV = left ventricular; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal pro-B-type natriuretic peptide; NYHA =New York Heart Association; pVO2 = peak oxygen
consumption; RV = right ventricular.
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the risk of fulminant deterioration and overt cardiogenic 
shock requiring temporary mechanical support (eg, extra-
corporeal membrane oxygenation) with its attendant 
risk. Finally, late referral may allow the development of 
progressive right ventricular failure such that a durable 
LVAD is no longer an option, which could prove fatal in a 
patient ineligible for HT.

Special Populations Who May Be Most Likely 
to Suffer From Late Referrals for Advanced HF 
Therapies 
Despite the higher rates of death from HF among wom-
en and patients from underrepresented racial and ethnic 
groups, the likelihood of referral for advanced HF thera-
pies is less than expected from epidemiological trends. 
Women in particular receive proportionally fewer HTs and 
LVADs annually than men despite their higher incidence 
of HF.14,38 Social determinants of health, including under-
insurance,39 low income,40 and low social support,41 are 
more common among women and patients from under-
represented racial and ethnic groups and may contribute 
to delayed referrals and decreased access to advanced 
HF therapies. Moreover, residents of rural areas have 
longer wait times and lower rates of HT than patients 
who reside in urban areas.42 Social determinants do not 
exist in isolation; these factors intersect, overlap, and 
cluster to disadvantage patients in multiple ways. Implicit 
bias may influence perceptions of lower social support 
among Black patients and women compared with White 

patients and men, which may adversely affect referral 
for and allocation of advanced HF therapies.43–45 Strate-
gies to guard against implicit bias in the decision about 
whether to refer to an AHFC are critical to avoid disad-
vantaging such populations.

BEHIND THE CURTAIN: WHAT HAPPENS 
ON REFERRAL TO AN AHFC?
Referral to an AHFC typically equates to referral to a mul-
tidisciplinary team of specialized experts who operate with 
the intent of providing a treatment plan tailored for each 
individual patient. AHFCs offer both surgical and nonsur-
gical treatment options that may be beneficial to patients 
with HF symptoms that are difficult to manage or refrac-
tory (Figure 1). The multidisciplinary AHFC team typically 
includes HF cardiologists and clinicians, cardiothoracic 
surgeons, nurse practitioners and coordinators, pharma-
cists, psychologists, social workers, dietitians, palliative 
care specialists, and financial specialists. Moreover, the 
AHFC team can rapidly engage with a network of con-
sultants and provide cardiac risk assessment required for 
the complex care of these extremely ill patients with mul-
tiple comorbidities (eg, endocrinologists, obesity medicine 
specialists, gastroenterologists). Although HF clinicians 
are adept at managing multiple medical comorbidities, 
the multidisciplinary team is adept at assessing multiple 
aspects of the complex nature of the HF syndrome.46

Figure 2. Golden window for referral for consideration of advanced heart failure (HF) therapies.
The optimal or golden window for referral for an evaluation for advanced HF therapies (ie, heart transplantation/left ventricular assist device) 
is when the severity of illness is consistent with advanced HF but irreversible end-organ damage has not yet occurred and the patient is not in 
extremis. Early referrals may be reasonable for patients who have particularly high-risk features. To minimize late referrals, practitioners should 
recognize the clinical clues (Table 1) that help identify patients with advanced HF and expedite referral to an advanced HF center. GDMT 
indicates guideline-directed medical therapy; ICD, implantable cardioverter defibrillator; and NYHA, New York Heart Association.
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pVAD POSITION AND REPOSITIONING

Adequate device position is key to obtaining optimal
circulatory support, and susceptibility to dislocation
is one of the most important pitfalls of pVAD use
(Central Illustration). The ventricular inlet opening of
a left-sided pump should typically be positioned at
the midventricular level of the papillary muscles (3.5
to 4 cm from the aortic valve). For right-sided de-
vices, the out!ow opening should reside 2 to 4 cm
into the pulmonary trunk and preferably into the left
pulmonary artery. A position too deep within the

ventricle results in frequent suction alarms, hemoly-
sis, or ventricular arrhythmias. In contrast, a too
distal position may result in the inlet being (partly)
outside of the ventricle, resulting in inef"cient
support.
THE pVAD CONSOLE. The console provides a place-
ment signal based on a pressure measurement at the
out!ow opening of the catheter (Figure 3). In addi-
tion, the electrical current used by the motor is
continuously displayed in green (i.e., the motor cur-
rent). As long as there is signi"cant ventricular ac-
tivity, the motor current should be pulsatile because

FIGURE 2 Algorithm for Device Selection in CS
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The upper panel illustrates a possible timeline for initiation of mechanical circulatory support. Lactate as well as inotropic support increase
when the patient progresses through the shock stages according to the Society for Cardiovascular Angiography and Interventions. When
shock severity increases, higher device !ows are expected to be needed. The lower panel illustrates device selection based on individual
hemodynamics and respiratory compromise. CS ! cardiogenic shock; CVP ! central venous pressure; PAPi ! pulmonary artery pulsatility
index; PAWP ! pulmonary artery wedge pressure; RV ! right ventricular; other abbreviations as in Figure 1.
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paracorporeal or extracorporeal devices, which are placed
outside the patient’s body, and intracorporeal devices,
which are implanted in a preperitoneal position either
above (in the pericardial space) or below the diaphragm
(Fig. 2). All of the currently available implantable pumps
have external controllers and power sources. Of the im-
plantable devices, LVADs, as the name suggests, support
left ventricular (LV) function in a situation where right
ventricular (RV) function is adequate and RV assist de-
vices (RVADs) support right ventricular function when LV
function is adequate. For patients who require both RV
and LV support, a BiVAD configuration can be used.
BiVADs are composed of two separate devices: one for
support of the RV and one for support of the LV. For pa-
tients with little remaining native cardiac function and no
hope for a recovery, a total artificial heart (TAH) may be
the only option. TAHs replace all functions of the native
heart.

Blood-flow characteristics
Mechanical circulatory assist devices produce either
pulsatile or continuous blood flow. The first LVADs
were pulsatile or displacement (pusher-plate) pumps.
These devices were too large for an average-sized per-
son, had a number of parts that could fail (e.g., valves,
inflow and outflow conduits), and were associated with
a variety of complications. They have been replaced
with a new generation of continuous-flow pumps,
which have inlet and outlet ports and a single, rotating
element that imparts energy to the blood to increase ar-
terial blood flow and pressure [5]. Blood is pulled into
the impeller of the pump via an inflow cannula con-
nected to the LV apex and delivered to the systemic cir-
culation via an outflow cannula connected to either the
ascending or descending aorta. Because the continuous-
flow pumps have few moving parts, when properly
functioning they seldom fail and are also associated

Fig. 1 Classification of mechanical circulatory support devices. BiVAD biventricular assist device, ECMO extracorporeal membrane oxygenation,
LVAD left ventricular assist device, PVAD pulsatile ventricular assist device, RVAD right ventricular assist device, VAD ventricular assist device. BVS
5000 (Abiomed Inc.), CentriMag (Thoratec Corp.), EvaHeart (Evaheart, Inc. [available in Japan]), HeartAssist5 (ReliantHeart [CE mark in Europe, FDA
approval for humanitarian device exception in the United States for pediatric patients]), HeartMate II (Thoratec Corp.), HeartWare HVAD (HeartWare
Inc.), Impella (Abiomed Inc.), Incor (Berlin Heart AG [available in Europe]), Jarvik 2000 (Jarvik Heart, Inc.), Rotaflow (Maquet Holding BV & Co.),
TandemHeart (CardiacAssist, Inc), VentriAssist (Ventracor, Ltd [available in Australia])

Sen et al. Critical Care  (2016) 20:153 Page 2 of 20MCS devices
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data, especially given that the overall event rate was lower than 
expected. It remains an important trial, and after its publication, 
the 2012 ESC Guidelines (European Society of Cardiology) 
downgraded the use of IABP in ST-segment–elevation myo-
cardial infarction patients with CS from a 1C recommendation 
to 2B.27 The 2013 American College of Cardiology/American 
Heart Association guidelines, which do not incorporate the 
results of the IABP-SHOCK II trial, maintain IABP therapy 
as a 2A recommendation in ST-segment–elevation myocardial 
infarction patients with CS.28

Recent meta-analyses of IABP therapy in AMI patients 
with CS (incorporating the results of the IABP-SHOCK II 
trial) have further called into question the utility of IABP 
therapy in these patients. Analyzing data from 17 studies, 
Romeo et al29 reported no overall differences in short- or 
long-term mortality in patients receiving IABP therapy. 
Interestingly, when stratified by initial treatment, IABP 
therapy significantly reduced mortality (RR, 0.77; 95% CI, 
0.68–0.87) in patients receiving thrombolytic therapy but sig-
nificantly increased mortality (RR 1.18, 95% CI 1.04–1.34) 
in patients receiving primary PCI. More recently, using data 
from 12 randomized controlled trials and 15 observational 
studies, Ahmad et al30 reported no benefit of IABP therapy 
in AMI on 30-day mortality, regardless of the presence (odds 
ratio [OR], 0.94; 95% CI, 0.69–1.28) or absence (OR, 0.98; 
95% CI, 0.57–1.69) of CS.

IABP Therapy in Advanced Heart Failure Patients 
With CS
While limited to small single-center studies,31–34 IABP therapy 
in advanced heart failure patients with CS seems to be a rea-
sonable bridge to more advanced therapies.

Gjesdal et al31 compared the outcomes of 32 patients with 
advanced heart failure treated with IABP therapy as a bridge to 
transplantation with 135 electively transplanted patients. The 
mean duration of IABP therapy was 21±16 days, and 80% of 
patients survived to transplant without additional MCS. Three 
patients developed vascular complications, 2 patients devel-
oped sepsis, and 1 patient developed ileus, corresponding to 
0.05 complications per patient-week of support. Most notably, 
mortality was similar in the IABP and electively transplanted 
cohorts at 1 year (9.4% versus 11.1%; P=0.80).

More recently, axillary IABPs have generated consider-
able interest because they permit ambulation and limit debility 
during the waiting period for advanced therapies. Among 50 
patients with end-stage heart failure awaiting transplantation, 
92% survived to transplantation on left axillary–subclavian 
artery IABP support for a median of 18 days. Ninety-day 
posttransplant survival was 90%.33 Prior to transplant, patients 
received a median of 3 (2–15) nursing-guided ambulation 
sessions. No significant bleeding or arterial ischemic com-
plications were seen at the time of IABP placement. Prior 
to transplantation, 2 patients required surgical evaluation 

Figure 2. Contemporary, commercially 
available percutaneous left- (upper 
panel) and right- (lower panel) ventricu-
lar mechanical support devices. ECMO 
indicates extracorporeal membrane oxy-
genation; and IABP, intra-aortic balloon 
pump.
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for acquired left-hand ischemia and 3 patients underwent 
removal of the IABP secondary to axillary IABP complica-
tions. IABP removal was followed by percutaneous closure 
with an 8-Fr Angioseal device in 58% of patients. Similarly, 
Tanaka et al35 reported outcomes in 88 patients with end-stage 
heart failure awaiting transplantation who received axillary–
subclavian IABP therapy. Eighty percent of patients had their 
IABPs surgically implanted in the right subclavian artery. The 
median duration of IABP support was 21 days (maximum 135 
days). 93.2% of patients survived to recovery, transplantation, 
or durable mechanical support. 95.5% of patients ambulated 
extensively and demonstrated a significant increase in their 
aerobic capacity, as assessed by the 2-minute step-in-place 
test. Access site complications (hematomas, infection, and 
asymptomatic bleeding) occurred in 8 (9.1%) patients.

Impella
The Impella (AbioMed, Danvers, MA) is a continuous, 
nonpulsatile, axial flow Archimedes-screw pump that pro-
vides active support by expelling aspirated blood from the 
LV into the ascending aorta (Figure 2). Importantly, unlike 
IABP therapy, the Impella does not require EKG or arterial 
waveform triggering, facilitating stability even in the setting 
of tachyarrhythmias or electromechanical disassociation. 
However, careful patient selection and meticulous attention 
to good technique are critical given reported complications, 
which include device migration, device malfunction because 
of thrombosis, hemolysis, bleeding requiring transfusion, 
arrhythmias, limb ischemia, tamponade, aortic or mitral valve 
injury, and stroke.36,37

Three versions for LV support are currently available: the 
Impella LP 2.5 that can deliver 2.5 L/min of CO, the Impella 

CP that can deliver 3.7 L/min of CO, and the Impella LP 5.0 
that can deliver 5.0 L/min of CO. While the Impella LP 2.5 
and Impella CP can be delivered percutaneously via a 12- to 
14-Fr sheath, insertion of the Impella LP 5.0 requires surgical 
cut down of the femoral or axillary artery prior to insertion of 
a 22-Fr sheath.

Impella Therapy in AMI Patients With CS
The ISAR-SHOCK trial (Impella LP 2.5 Versus IABP in Car-
diogenic Shock) was a 2-center, randomized controlled pilot 
study that randomized 26 AMI patients with CS to hemody-
namic support with the Impella LP 2.5 or IABP therapy.38 
The primary end point was change in CI from baseline to 30 
minutes after implantation. Secondary end points included 
lactic acidosis, hemolysis, and mortality after 30 days. While 
the CI after 30 minutes of support was significantly increased 
in patients with the Impella LP 2.5 compared with patients 
with IABP therapy (0.49±0.46 versus 0.11±0.31 L/min/m2, 
respectively; P=0.02), no significant differences were seen by 
4 hours in the CI, modified cardiac power index, or serum lac-
tate. By 24 hours, no significant differences were seen in urine 
output, vasopressor dose, median vasopressor support time, or 
mechanical ventilation support time. Hemolysis and packed 
red blood cell or fresh frozen plasma administration were 
significantly higher in patients with the Impella LP 2.5, and 
1 case of acute limb ischemia requiring surgery after device 
explanation was seen. Overall, 30-day mortality was 46% in 
both groups. The most obvious limitation of this pilot study 
was its small number of patients, which precluded a meaning-
ful evaluation of potential mortality differences.

More recently, Ouweneel et al36 reported results from the 
IMPRESS trial (Impella CP Versus Intra-Aortic Balloon Pump 

Table 2. Comparison of Left Ventricular and Right Ventricular Percutaneous Mechanical Circulatory Support Devices

 
IABP 

(Ascending Ao)
Impella 2.5 
(LV/LVOT)

Impella 5.0 
(LV/LVOT)

TandemHeart (LA 
to Systemic Artery)

ECMO (Femoral Artery 
and Vein)

TandemHeart (RA 
to Ao)

Impella RP (RA 
to PA)

Primary hemodynamic 
effect(s)

LV volume 
or pressure 
unloading

LV volume 
or pressure 
unloading

LV volume 
or pressure 
unloading

LV volume 
unloading

Biventricular pressure 
and volume unloading

RV pressure 
unloading

LV volume 
or pressure 
unloading

TPR Decreased Decreased Decreased Mildly increased Highly increased None None

Bridge to recovery Yes Yes Yes Yes No* Yes Yes

Hemodynamic support Low Moderate High High High High Moderate

Pump mechanism Pneumatic Axial flow Axial flow Centrifugal Centrifugal Centrifugal Axial flow

Cannula size
7.9 Fr 13 Fr 22 Fr

21 Fr inflow; 
15–17 Fr outflow

18–21 Fr inflow;15–22 
Fr outflow

21 Fr inflow; 
15–17 Fr outflow

13 Fr

Implantation time Very low Low Moderate High Moderate High Low

Risk of limb ischemia Very low Low Low High High High Low

Anticoagulation Very low Very low Very low High High High Very low

Hemolysis Very low Low Low Low Low Low Low

Postimplantation 
management complexity

Very low Moderate Moderate High Very high High Moderate

Ao indicates aorta; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; LA, left atrium; LV, left volume; LVOT, left ventricular outflow tract; 
PA, pulmonary artery; RA, right atrium; RV, right volume; TPR, total peripheral resistance.

*Except in extracorporeal cardiopulmonary resuscitation (eCPR).
Adapted from Ouweneel et al.7 Copyright© 2012, BMJ Publishing Group Ltd and the British Cardiovascular Society. Authorization for this adaptation has been 

obtained both from the owner of the copyright in the original work and from the owner of copyright in the translation or adaptation.

Downloaded from http://ahajournals.org by on December 17, 2022

4  Mandawat and Rao  Percutaneous Mechanical Support in Cardiogenic Shock 

data, especially given that the overall event rate was lower than 
expected. It remains an important trial, and after its publication, 
the 2012 ESC Guidelines (European Society of Cardiology) 
downgraded the use of IABP in ST-segment–elevation myo-
cardial infarction patients with CS from a 1C recommendation 
to 2B.27 The 2013 American College of Cardiology/American 
Heart Association guidelines, which do not incorporate the 
results of the IABP-SHOCK II trial, maintain IABP therapy 
as a 2A recommendation in ST-segment–elevation myocardial 
infarction patients with CS.28

Recent meta-analyses of IABP therapy in AMI patients 
with CS (incorporating the results of the IABP-SHOCK II 
trial) have further called into question the utility of IABP 
therapy in these patients. Analyzing data from 17 studies, 
Romeo et al29 reported no overall differences in short- or 
long-term mortality in patients receiving IABP therapy. 
Interestingly, when stratified by initial treatment, IABP 
therapy significantly reduced mortality (RR, 0.77; 95% CI, 
0.68–0.87) in patients receiving thrombolytic therapy but sig-
nificantly increased mortality (RR 1.18, 95% CI 1.04–1.34) 
in patients receiving primary PCI. More recently, using data 
from 12 randomized controlled trials and 15 observational 
studies, Ahmad et al30 reported no benefit of IABP therapy 
in AMI on 30-day mortality, regardless of the presence (odds 
ratio [OR], 0.94; 95% CI, 0.69–1.28) or absence (OR, 0.98; 
95% CI, 0.57–1.69) of CS.

IABP Therapy in Advanced Heart Failure Patients 
With CS
While limited to small single-center studies,31–34 IABP therapy 
in advanced heart failure patients with CS seems to be a rea-
sonable bridge to more advanced therapies.

Gjesdal et al31 compared the outcomes of 32 patients with 
advanced heart failure treated with IABP therapy as a bridge to 
transplantation with 135 electively transplanted patients. The 
mean duration of IABP therapy was 21±16 days, and 80% of 
patients survived to transplant without additional MCS. Three 
patients developed vascular complications, 2 patients devel-
oped sepsis, and 1 patient developed ileus, corresponding to 
0.05 complications per patient-week of support. Most notably, 
mortality was similar in the IABP and electively transplanted 
cohorts at 1 year (9.4% versus 11.1%; P=0.80).

More recently, axillary IABPs have generated consider-
able interest because they permit ambulation and limit debility 
during the waiting period for advanced therapies. Among 50 
patients with end-stage heart failure awaiting transplantation, 
92% survived to transplantation on left axillary–subclavian 
artery IABP support for a median of 18 days. Ninety-day 
posttransplant survival was 90%.33 Prior to transplant, patients 
received a median of 3 (2–15) nursing-guided ambulation 
sessions. No significant bleeding or arterial ischemic com-
plications were seen at the time of IABP placement. Prior 
to transplantation, 2 patients required surgical evaluation 

Figure 2. Contemporary, commercially 
available percutaneous left- (upper 
panel) and right- (lower panel) ventricu-
lar mechanical support devices. ECMO 
indicates extracorporeal membrane oxy-
genation; and IABP, intra-aortic balloon 
pump.
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with fewer complications than their predecessors, which
has improved the quality of life for BTT and DT pa-
tients [6–8].

Continuous-flow LVADs available today produce two
types of blood flow: centrifugal or axial [9]. In a centrifu-
gal pump, blood is captured between rotating blades,

Fig. 2 Most commonly used mechanical circulatory support devices. a The HeartMate II LVAD (Thoratec Corp.). b The HeartWare LVAD
(HeartWare Inc.). c The SynCardia TAH (left) shown for comparison with the human heart (right) (SynCardia Systems, Inc.). LVAD left ventricular
assist device, TAH total artificial heart. a From Mayo Foundation for Medical Education and Research; used with permission. b Provided by
HeartWare; used with permission. c Image courtesy of syncardia.com; used with permission
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Mechanical Circulatory Support

Recommendations for Mechanical Circulatory Support

Referenced studies that support the recommendations are summarized in the Online Data Supplements.

COR LOE Recommendations

1 A

1. In select patients with advanced HFrEF with NYHA class IV symptoms 

who are deemed to be dependent on continuous intravenous inotropes or 

temporary MCS, durable LVAD implantation is effective to improve 

functional status, QOL, and survival.

2a B-R

2. In select patients with advanced HFrEF who have NYHA class IV 

symptoms despite GDMT, durable MCS can be beneficial to improve 

symptoms, improve functional class, and reduce mortality.

136

Mechanical Circulatory Support

Value Statement: 

Uncertain Value (B-

NR)

3. In patients with advanced HFrEF who have NYHA class IV symptoms 

despite GDMT, durable MCS devices provide low to intermediate economic 

value based on current costs and outcomes.

2a B-NR

4. In patients with advanced HFrEF and hemodynamic compromise and 

shock, temporary MCS, including percutaneous and extracorporeal 

ventricular assist devices, are reasonable as a “bridge to recovery” or 

“bridge to decision”.
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Mechanical Circulatory Support

Value Statement: 

Uncertain Value (B-

NR)

3. In patients with advanced HFrEF who have NYHA class IV symptoms 

despite GDMT, durable MCS devices provide low to intermediate economic 

value based on current costs and outcomes.

2a B-NR

4. In patients with advanced HFrEF and hemodynamic compromise and 

shock, temporary MCS, including percutaneous and extracorporeal 

ventricular assist devices, are reasonable as a “bridge to recovery” or 

“bridge to decision”.
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Cardiac Transplantation 

Recommendation for Cardiac Transplantation

COR LOE Recommendation

1 C-LD

1. For selected patients with advanced HF despite GDMT, cardiac transplantation is 

indicated to improve survival and QOL (1-3).

Value Statement: 

Intermediate Value 

(C-LD)

2. In patients with stage D (advanced) HF despite GDMT, cardiac transplantation 

provides intermediate economic value (4). 
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Indications
Advanced HF
No other therapeutic option, except for LVAD as BTT
Contraindications
Active infectiona

Severe peripheral arterial or cerebrovascular disease
Pharmacologic irreversible pulmonary hypertension (LVAD should be considered to reverse 
elevated pulmonary vascular resistance with subsequent re-evaluation to establish candidacy)
Malignancy with poor prognosis (a collaboration with oncology specialists should occur to 
stratify each patient as to their risk of tumour progression or recurrence which increases with
the use of immunosuppression)
Irreversible liver dysfunction (cirrhosis) or irreversible renal dysfunction (e.g. creatinine
clearance <30 mL/min/1.73 m²). Combined heart-liver or heart-kidney transplant may be
considered

Heart transplantation: indications and contraindications (1)

BTT = bridge to transplantation; HF = heart failure; LVAD = left ventricular assist device. aActive infection is a relative contraindication to transplant although in some cases of infected LVADs
it may actually be an indication. Adapted from Crespo-Leiro MG et al., Advanced heart failure: a position statement of the Heart Failure Association of the European Society of Cardiology.
Eur J Heart Fail 2018;20:1505-1535, by permission of John Wiley and Sons on behalf of the European Society of Cardiology. 
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Contraindications (continued)
Systemic disease with multiorgan involvement
Other serious co-morbidity with poor prognosis
Pre-transplant BMI >35 kg/m² (weight loss is recommended to achieve a BMI <35 kg/m²)
Current alcohol or drug abuse
Psychological instability that jeopardizes proper follow-up and intensive therapeutic regime
after heart transplantation
Insufficient social supports to achieve compliant care in the outpatient setting

Heart transplantation: indications and contraindications (2)

BMI = body mass index. Adapted from Crespo-Leiro MG et al., Advanced heart failure: a position statement of the Heart Failure Association of the European Society of Cardiology. Eur J Heart 
Fail 2018;20:1505-1535, by permission of John Wiley and Sons on behalf of the European Society of Cardiology. 

Indications

Contraindications



Non pharmacological intervention



Health Education



Fluid Management 

• Assess fluid intake over 24hours

• Routine fluid restriction not advisable: fluid 
restriction of 1.5–2 L/day may be 
considered in patients with severe HF to 
relieve symptoms and congestion. Weight-
based fluid restriction (30 mL/kg, 35 mL/kg 
if BW >85 kg)

• Weight monitoring as a daily routine: Once 
daily in same conditions (e.g. after morning 
toilet, in light clothes), using same weighing 
scale

• Advise patients that in case of 
sudden unexpected weight gain 
(>2kg in 3 days) they should

• Inform the medical care 
provider

• Adjust diuretics
• Adjust fluid/salt intake

• Avoid hypovolemia (febrile state, 
humid & hot environment, 
diarrhea & vomiting)
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5. The Framingham studies have shown a 60% 
increased risk of death in patients with asymptomatic 
low LVEF compared with those with normal LVEF, 
and almost half of these patients remained free 
of HF before their death.25 MADIT-II (Multicenter 
Automatic Defibrillator Implantation Trial II) showed 
a 31% relative risk reduction in all-cause mortality 
in patients with post-MI with LVEF ≤30% receiv-
ing a prophylactic ICD compared with standard 
of care.14 These findings provided justification for 
the broad adoption of ICDs for primary prevention 
of SCD in the post-MI setting with reduced LVEF, 
even in the absence of HF symptoms.

6. Although beta blockers have been shown to improve 
outcomes in patients with symptomatic HFrEF and 
in patients with reduced LVEF after MI,11 few data 
exist regarding the use of beta blockers in asymp-
tomatic patients with depressed LVEF without a his-
tory of MI. There is evidence to support the role of 
beta blockers to prevent adverse LV remodeling in 
asymptomatic patients with LV systolic dysfunction, 
including those with nonischemic cause.43 Also, in 
a post hoc analysis of the SOLVD prevention trial, 
which included approximately 20% of participants 
with nonischemic HF cause, beta blockers were 
associated with a reduction in the risk of death and 
in death or hospitalization for symptomatic HF in 
those patients randomized to enalapril, a finding that 
was not seen in the placebo group.12 Given the long-
term benefits of beta blockers to reduce HF hos-
pitalizations in patients with symptomatic HFrEF,44 
beta-blocker therapy is recommended to prevent 
symptomatic HF in patients with reduced LVEF.

7. Thiazolidinediones have been associated with fluid 
retention and increased rates of HF in RCTs of 
patients with type 2 diabetes who were predominantly 
free of symptomatic HF at baseline.47–49 In a smaller 
RCT of patients with more severely symptomatic 
HFrEF, pioglitazone was associated with increased 
rates of HF hospitalization compared with placebo.50 
In patients with more mild symptoms (NYHA class 
I to II) but with depressed LVEF,15 rosiglitazone was 
associated with more fluid-related events, includ-
ing worsening edema and need for increased HF 
medications.15 Given the evidence, thiazolidinediones 
should be avoided in patients with reduced LVEF.

8. Nondihydropiridine calcium channel blockers diltia-
zem and verapamil are myocardial depressants and 
generally not tolerated in HF. In previous studies of 
patients with HF or reduced LVEF after acute MI, dil-
tiazem was associated with increased risk of HF,16,17 
although in a smaller study of patients with non-
ischemic cardiomyopathy, diltiazem had no impact 
on mortality.45 Verapamil had no impact on survival 
or major cardiovascular events after acute MI.46 
Although not specifically tested in asymptomatic 

patients with low LVEF, nondihydropyridine calcium 
channel blockers may be harmful in this population 
because of their negative inotropic effects.

7. STAGE C HF
7.1. Nonpharmacological Interventions
7.1.1. Self-Care Support in HF

Recommendations for Nonpharmacological Interventions: Self-Care 
Support in HF
Referenced studies that support the recommendations are summa-
rized in the Online Data Supplements.

COR LOE Recommendations

1 A

1. Patients with HF should receive care from 
multidisciplinary teams to facilitate the imple-
mentation of GDMT, address potential barriers 
to self-care, reduce the risk of subsequent 
rehospitalization for HF, and improve survival.1–4

1 B-R
2. Patients with HF should receive specific edu-

cation and support to facilitate HF self-care in a 
multidisciplinary manner.2,5–9

2a B-NR
3. In patients with HF, vaccinating against respi-

ratory illnesses is reasonable to reduce mor-
tality.10–16

2a B-NR

4. In adults with HF, screening for depression,17,18 
social isolation,19–22 frailty,23,24 and low health 
literacy25,26 as risk factors for poor self-care is 
reasonable to improve management.

Synopsis
Because of the complexity of HF management and 
coordination of other health and social services re-
quired, HF care is ideally provided by multidisciplinary 
teams27–30 that include cardiologists, nurses, and phar-
macists who specialize in HF as well as dieticians, 
mental health clinicians, social workers, primary care 
clinicians, and additional specialists.31–33 Self-care in 
HF comprises treatment adherence and health main-
tenance behaviors.34,35 Patients with HF should learn to 
take medications as prescribed, restrict sodium intake, 
stay physically active, and get vaccinations.36,37 They 
also should understand how to monitor for signs and 
symptoms of worsening HF, and what to do in response 
to symptoms when they occur.36,37 Knowledge alone 
is insufficient to improve self-care.38 Patients with HF 
need time and support to gain skills and overcome bar-
riers to effective self-care.37 Measures listed as Class 
1 recommendations for patients in stages A and B are 
recommended where appropriate for patients in stage 
C. GDMT, as depicted in Figure 6, should be the main-
stay of pharmacological therapy for HFrEF.

Recommendation-Specific Supportive Text
1. In a meta-analysis of 30 RCTs, multidisciplinary 

interventions reduced hospital admission and 
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• Multidisciplinary teams : cardiologists, nurses, and 
pharmacists who specialize in HF as well as dieticians, 
mental health clinicians, social workers, primary care 
clinicians.


• Self-care in HF comprises treatment adherence and health 
maintenance behaviors. 


- medications

- restrict sodium intake

- stay physically active

- vaccinations (Influenza, Pneumococcal, and COVID-19 

vaccine)

- how to monitor for signs/symptoms of worsening HF, 

and what to do in response to symptoms.

Nonpharmacological Interventions
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self-care education improved discharge prepared-
ness, quality of transition, and QOL but did not sig-
nificantly improve clinical outcomes compared with 
usual care.42

3. In propensity-adjusted models, influenza vacci-
nation was associated with a significant reduc-
tion in all-cause mortality among participants in 
PARADIGM-HF (Prospective Comparison of ARNi 
with ACEi to Determine Impact on Global Mortality 
and Morbidity in Heart Failure).14 In adjusted mod-
els, influenza vaccination was associated with 
significant reductions in all-cause mortality and car-
diovascular mortality12 in 1 registry study and was 
associated with significant reductions in all-cause 
mortality and the composite of all-cause mortality 
and cardiovascular hospitalizations in another large 
cohort study.11 In a self-controlled case series study 
of patients with HF, influenza vaccination was asso-
ciated with a significantly lower risk of cardiovas-
cular, respiratory, and all-cause hospitalization.43 In 
a meta-analysis of 16 studies of patients with CVD, 
influenza vaccination was associated with a lower 
risk of all-cause, cardiovascular mortality, and major 
adverse cardiovascular events compared with con-
trol patients.15 In the Cardiovascular Health Study, 
pneumococcal vaccination was associated with sig-
nificant reductions in incident HF, all-cause mortal-
ity, and cardiovascular mortality.16 Patients with HF 
are uniquely susceptible to poor outcomes in the 
setting of SARS-CoV-2 infection44–47 and should be 
vaccinated against COVID-19.10

4. Many health and social factors are associated with 
poor HF self-care.36,37 (Table 11) but have also been 
linked to poor clinical outcomes and fundamen-
tally change how education and support must be 
delivered. Depression is a risk factor for poor self-
care,40 rehospitalization,17 and all-cause mortality18 
among patients with HF. Interventions that focus 
on improving HF self-care have been reported 
to be effective among patients with moderate/
severe depression with reductions in hospitaliza-
tion and mortality risk.5 Nonrandomized studies 
have provided evidence of a link between social 
isolation and mortality in patients with HF19,20 In a 
recent meta-analysis of 29 cohort studies, frailty 
was associated with an increased risk of all-cause 
mortality and hospitalization.23 Frailty also has been 
shown to impair self-care among elderly patients 
with HF.24 A recent meta-analysis of observational 
studies revealed social isolation to be common 
among adults with HF (ie, 37%) and associated 
with a 55% greater risk of HF-related rehospital-
ization.21 Poor social support also has been shown 
in nonrandomized studies to be associated with 
lower HF self-care.22 A recent meta-analysis of 
observational studies showed that inadequate/

marginal health literacy is common among adults 
with HF (ie, 24%) and associated independently 
with the risk of mortality and hospitalization.25 Low 
literacy also is associated with poor HF self-care, 
as most interventions depend on both literacy and 
health literacy/numeracy.26

7.1.2. Dietary Sodium Restriction
Recommendation for Dietary Sodium Restriction

COR LOE Recommendation

2a C-LD
1. For patients with stage C HF, avoiding exces-

sive sodium intake is reasonable to reduce 
congestive symptoms.1–6

Synopsis
Restricting dietary sodium is a common nonpharmaco-
logical treatment for patients with HF symptomatic with 
congestion, but specific recommendations have been 
based on low-quality evidence.7 Concerns about the qual-
ity of data regarding clinical benefits or harm of sodium 
restriction in patients with HF include the lack of current 
pharmacological therapy, small samples without sufficient 
racial and ethnic diversity, questions about the correct 
threshold for clinical benefit, uncertainty about which sub-
groups benefit most from sodium restriction,7,8 and seri-
ous questions about the validity of several RCTs in this 
area.9–11 However, there are promising pilot trials of so-
dium restriction in patients with HF3,5,6 The AHA currently 
recommends a reduction of sodium intake to <2300 
mg/d for general cardiovascular health promotion12; how-
ever, there are no trials to support this level of restriction 
in patients with HF.13 Sodium restriction can result in poor 
dietary quality with inadequate macronutrient and mi-
cronutrient intake.14 Nutritional inadequacies have been 
associated with clinical instability,15–17 but routine supple-
mentation of oral iron,18 thiamine,19 zinc,20 vitamin D,21 or 
multivitamins has not proven beneficial.22 The DASH diet 
is rich in antioxidants and potassium, can achieve sodium 
restriction without compromising nutritional adequacy 
when accompanied by dietary counseling,5 and may be 
associated with reduced hospitalizations for HF.23

Recommendation-Specific Supportive Text
1. A registered dietitian- or nurse-coached interven-

tion with 2 to 3 g/d sodium restriction improved 
NYHA functional class and leg edema in patients 
with HFrEF.1 In a nonrandomized study (>2.5 g/d 
versus <2.5 g/d), lower dietary sodium was associ-
ated with worse all-cause mortality in patients with 
HFrEF.2 In small RCTs, aggressive sodium restriction 
(0.8 g/d) during hospitalization for acute decom-
pensated HF has not reduced weight, congestion, 
diuretic use, rehospitalization, or all-cause mortality 
in patients with HFrEF24 or in patients with HFpEF.25 
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common, low cost prescription for persons who have an excess of
intravascular volume or who could bene!t from less volume.10 This
decrease in intravascular volume also reduces blood pressure and
has been demonstrated to reduce future cardiovascular event in
high risk populations.11

While the concept of less sodium leading to less "uid conges-
tion appears straight-forward, recent questions have emerged
regarding the use of very low sodium dietary intake in high-risk
subgroups such as those with heart failure.12,13 Recent studies of
the physiologic response to a reduction of intravascular volume have
revealed a triggering of neuroendocrine stimulation and circulating
neurohormones14 including norepinephrine, angiotensin II, aldo-
sterone, and plasma renin.15 Hence signi!cantly lowering sodium
concentrates in the body may indeed reduce vascular volume, but
this alteration then sets into motion a neurohormonal cascade by
which the body reacts in compensatorymanners to maintainwhat it
perceives to be low perfusion and "uid imbalance.16

The neurohormonal responses to sodium and water balance in
HF are further complicated by the intricate individual factors and
pharmacotherapies that directly interact with this system. Thus,
the physiologic response to low sodium diet intake may be variable
and dependent on multiple patient factors and interactions
between the severity of HF,17 individual neurohormonal re-
sponses,16,17 pharmacotherapeutic management,18 nutritional fac-
tors,19 and renal function.20

Literature synthesis

Using the evidenced based management approach to frame a
clinical question in terms of its four parts of Problem/Population,
Intervention, Comparison, and Outcome (PICO),21 the PICO ques-
tion guiding this examination is: In stable HFrEF outpatients (P),
what amount of dietary sodium intake (I) produces the best
de!nitive, clinical, and patient reported outcomes (O). Because the
research to date is quite limited (with no single study to date
comparing various levels of dietary sodium intake as the primary
independent variable with patient and clinical outcomes as the
dependent variables), we have broadly included RCTs that had
diverse comparisons (C) of usual care, no sodium restriction, and
prescribed levels.

A search of PubMed with the MESH terms of heart failure and
low sodium diet (limited to clinical trials in the previous 10 years)

yielded 179 articles with an additional one located through review
of the references in these articles. These were screened by evalu-
ating the titles and abstracts for study population of stable out-
patients with HF (P), control or quanti!cation of dietary sodium
intake (I), some measure of comparator either through randomi-
zation of patients to groups or a pre and posttest cross-over design
(C), and outcomes of interest including de!nitive, clinical or patient
reported outcomes (O). Full text articles were then evaluated with
exclusion of articles without clinical or patient reported outcomes,
those with an outcome of only adherence to a sodium restricted
diet, or thosewith a lack of prescribed sodium level. Sixteen articles
met criteria for reporting clinical or patient reported outcomes
associated with various levels of dietary sodium intake in stable
outpatients with HF (Fig. 1). Independent reviewers extracted the
information from the published articles, and a third reviewer
validated the contents of the evidence table of these 16 articles
presented in Table 2.

This literature synthesis is organized by the outcomes of in-
terest with studies grouped by de!nitive outcomes of mortality
and rehospitalization, clinical outcomes of physiologic and
biomarker changes, and patient reported outcomes such as
quality of life and symptoms. Rarely, a study measured more than
one outcome of de!nitive, clinical, and/or patient reported out-
comes; in these instances, the studies are discussed in both places
within the text but found in the evidence Table 2 under the !rst
heading. Because we included international studies that measured
sodium intake in mmols or reported salt intake as opposed to
sodium, all values were standardized in the literature synthesis
table and text below to mg of sodium using the standard con-
version presented in Fig. 2.22

De!nitive outcomes

Under the heading of De!nitive Outcomes, we have grouped
studies with dependent outcomes of event free survival, reho-
spitalization, and death; varying levels of dietary sodium restric-
tion comprised the independent variable. At the upper range of
sodium ingestion, adherence with a sodium restriction of below
3 gm/day was associated with longer event-free survival at one
year in 254 stable Korean outpatients who participated in a pro-
spective cohort observational study.23 Similarly, in a study of 232
stable Korean outpatients, greater cardiac event-free survival was

Table 1
Current HF guideline recommendations for sodium restriction.

AHA/ACC heart failure stages2 NYHA functional class2 ACCF/AHA 2013 guideline2 ESC 2012 guideline3 HFSA 2010 guideline4

Stage Description Class Patient symptoms Sodium restriction Sodium restriction Sodium restriction

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

1.5 g daily

B Structural heart disease but
without signs or symptoms
of HF

Class I (Mild) No limitation of physical
activity. Ordinary physical
activity does not cause
symptoms of HF

1.5 g daily 2e3 g daily

C Structural heart disease with
prior or current symptoms
of HF

Class II (Mild) Slight limitation of physical
activity. Comfortable at rest,
but ordinary physical activity
results in symptoms of HF.

<3 g daily 2e3 g daily

Class III
(Moderate)

Marked limitation of physical
activity. Comfortable at rest,
but less than ordinary activity
causes symptoms of HF.

<3 g daily Sodium restriction
may be considered,
no level speci!ed

<2 g daily may
be considered

D Refractory HF requiring
specialized interventions

Class IV (Severe) Unable to carry on any
physical activity without
symptoms of HF, or
symptoms of HF at rest.

<3 g daily Sodium restriction
may be considered,
no level speci!ed

<2 g daily may
be considered

C.M. Reilly et al. / Heart & Lung xxx (2015) 1e102 • The AHA recommends a reduction of sodium intake 
to <2300 mg/d for general CV health promotion; 
however, there are no trials to support this level of 
restriction in patients with HF. 


• AHA recommendations for 1500 mg/d Na appears 
to be appropriate for stage A and B HF, because of 
the data linking Na intake with HTN, risk factors, 
such as obesity. 


• Recent pilot RCT showed that providing patients 
with 1.5 g/d sodium meals can reduce urinary 
sodium, improve QOL and BNP levels, but not 
improve clinical outcomes. 

Circulation. 2022;145:e895–e1032. 
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เราไWaบเกbอจากDใดcาง ??

Sodium 1,500 mg = เก#อ 0.75 %อนชา 
                               (3.75 gm) 

  Sodium 2,300 mg = เก#อ 1 %อนชา  
                               (6 gm)



โซเดยีม“แฝง”ทีอ่ยู่ในอาหาร
ช่ือสามัญ ช่ือทางเคมี ช่ือสามัญ ช่ือทางเคมี

ผงชูรส 

ซุปก้อน 

ซอสปรุงรส

โมโนโซเดียมกลูตาเมต (MSG) 
ไดโซเดียม5’ กวัไนเลต (GMP) 
ไดโซเดียม5’ อนิโนซิเนต (IMP)

วตัถุกนัเสีย

รักษาความเป็นกรด

โซเดียมอะซิเตท

เกลือไอโอดีน 

เกลือทะเล

โซเดียม คลอไรด์ สารเพิม่ความข้นเหนียว  

สารให้ความคงตัว

โซเดียมอลัจิเนต 

ผงฟู โซเดียมไบคาร์บอเนต สารกนับูด โซเดียมเบนโซเอต

สารกนัเสียในอาหารแปรรูป โซเดียมไนเตรต

(เช่นไส้กรอก แฮม สารท าให้สีคงตวั)

สารฟอกขาว โซเดียมเมแทไบซัลไฟต์

(เช่นถั่วงอก หรือ ขงิซอยส าเร็จ)

สารปรุงรส สารกนัเสีย 

ควบคุมความเป็นกรด 

โซเดียมซิเตรต

(ใส่มากใน วุ้น แยม ขนมทีม่คีวามหนืด)

สารยบัยั้งเช้ือรา โซเดียมซอร์เบต

dเสนอโดยน:ทe เfยวเFน gกโภชนาการ สถาcนโรคทรวงอก



ปริมาณโซเดยีมในเคร่ืองปรุงรส

ซุปก้อน 1 ก้อน
โซเดยีม 2,600 มิลลกิรัม

เกลือ 1 ช้อนชา
โซเดยีม 2,000 มิลลกิรัม

ผงปรุงรส 1 ช้อนชา
โซเดยีม 560 มิลลกิรัม

ผงชูรส 1 ช้อนชา
โซเดยีม 500 มิลลกิรัม

ซอสปรุงรส 1 ช้อนชา
โซเดยีม 400 มิลลกิรัม

ซอสหอยนางรม 1 ช้อนชา
โซเดยีม 167 มิลลกิรัม

น า้ปลา 1 ช้อนชา
โซเดยีม 500 มิลลกิรัม

ซีอิว๊ขาว 1 ช้อนชา
โซเดยีม 450 มิลลกิรัม

dเสนอโดยน:ทe เfยวเFน gกโภชนาการ สถาcนโรคทรวงอก



ปริมาณโซเดียมในเคร่ืองปรุงรส

เต้าหู้ยี ้1 ช้อนชา
โซเดยีม 185 มิลลกิรัม

ซอสเปร้ียว(จิก๊โฉ่ว) 1 ช้อนชา
โซเดยีม 55 มิลลกิรัม

น า้จิม้ไก่ 1 ช้อนชา
โซเดยีม 128 มิลลกิรัม

ซอสพริก 1 ช้อนชา
โซเดยีม 77 มิลลกิรัม

ซอสมะเขือเทศ 1 ช้อนชา
โซเดยีม 53 มิลลกิรัม

ปลาร้า 1 ช้อนชา
โซเดยีม 180 มิลลกิรัม

เต้าเจีย้ว 1 ช้อนชา
โซเดยีม 213 มิลลกิรัม

ซีอิว๊ด า(หวาน) 1 ช้อนชา
โซเดยีม 200 มิลลกิรัม

กะปิ 1 ช้อนชา
โซเดยีม 500 มิลลกิรัม

dเสนอโดยน:ทe เfยวเFน gกโภชนาการ สถาcนโรคทรวงอก



ปริมาณโซเดยีมในเน้ือสัตว์หมักเคม็

ปลาอนิทรีย์เคม็ 1 ช้อนโต๊ะ

โซเดยีม 784 มิลลกิรัม

ปลาสลดิแดดเดยีว 1 ช้อนโต๊ะ

โซเดยีม 202 มิลลกิรัม

กุ้งแห้ง 1 ช้อนโต๊ะ

โซเดยีม 795 มิลลกิรัม

ไข่เคม็ 1 ช้อนโต๊ะ

โซเดยีม 305 มิลลกิรัม

อา้งอิงจาก INMUCAL,สถาบนัโภชนาการ ม.มหิดลdเสนอโดยน:ทe เfยวเFน gกโภชนาการ สถาcนโรคทรวงอก



ปริมาณโซเดยีมในเน้ือสัตว์บดปรุงรส

ลูกช้ิน 30 กรัม

โซเดยีม 197 มิลลกิรัม

แหนม 30 กรัม

โซเดยีม 450 มิลลกิรัม

หมู/ไก่ยอ 30 กรัม

โซเดยีม 227 มิลลกิรัม

โบโลน่า 30 กรัม

โซเดยีม 375 มิลลกิรัม

แฮม 30 กรัม

โซเดยีม 236 มิลลกิรัม

ไส้กรอก 30 กรัม

โซเดยีม 245 มิลลกิรัม

เบคอน 30 กรัม

โซเดยีม 535 มิลลกิรัม

กนุเชียง 30 กรัม

โซเดยีม 81 มิลลกิรัม

อา้งอิงจาก INMUCAL,สถาบนัโภชนาการ ม.มหิดล

dเสนอโดยน:ทe เfยวเFน gกโภชนาการ สถาcนโรคทรวงอก



ปริมาณโซเดยีมในขนมหรือของว่าง

เนยเคม็ 1 ช้อนโต๊ะ

โซเดยีม 70 มิลลกิรัม

คุกกี ้2 ช้ิน(30 กรัม)

โซเดยีม 200 มิลลกิรัม

ซาลาเปามีไส้ 1 ลูก

โซเดยีม 400 มิลลกิรัม

พาย 1 ช้ิน

โซเดยีม 240 มิลลกิรัม

ขนมปังแผ่น 1 แผ่น

โซเดยีม 110 มิลลกิรัม

ปาท่องโก๋ 1 คู่

โซเดยีม 120 มิลลกิรัม

นมข้นหวาน 1 ช้อนโต๊ะ

โซเดยีม 15 มิลลกิรัม

เนยจืด 1 ช้อนโต๊ะ

โซเดยีม 5 มิลลกิรัม

อา้งอิงจาก INMUCAL,สถาบนัโภชนาการ ม.มหิดล

dเสนอโดยน:ทe เfยวเFน gกโภชนาการ สถาcนโรคทรวงอก



ปริมาณโซเดยีมในอาหารจานเดยีว
รายการอาหาร ปริมาณโซเดยีมโดยเฉลีย่ต่อจาน รายการอาหาร ปริมาณโซเดยีมโดยเฉลีย่ต่อจาน

น า้พริกกะปิ 2,500 มิลลกิรัม ผดัผกั 1,200 มิลลกิรัม
ส้มต าปู 2,000 มิลลกิรัม ผดัไทย 1,200 มิลลกิรัม
ขนมจนีน า้ยา 1,700 มิลลกิรัม ข้าวกระเพราหมู 1,200 มิลลกิรัม
ต้มย ากุ้งน า้ข้น 1,700 มิลลกิรัม ข้าวขาหมู 1,200 มิลลกิรัม
ก๋วยเตีย๋วน า้ 1,500 มิลลกิรัม ข้าวมันไก่ 1,150 มิลลกิรัม
ก๋วยเตีย๋วแห้ง 1,400 มิลลกิรัม แกงส้ม 1,100 มิลลกิรัม
ไข่พะโล้ 1,400 มิลลกิรัม ไข่เจยีว 900 มิลลกิรัม
ข้าวผดัหมู 1,250 มิลลกิรัม ราดหน้าหมู 800 มิลลกิรัม
แกงจืด 1,250 มิลลกิรัม ข้าวหมูแดงหมูกรอบ 800 มิลลกิรัม

dเสนอโดยน:ทe เfยวเFน gกโภชนาการ สถาcนโรคทรวงอก



❑ งด/ลดอาหารถุง อาหารส าเร็จรูป หรืออาหารแปรรูป 

❑ เลือกกนิอาหารสด 

❑ เลือกปรุงอาหารทานเอง หากเป็นไปได้ 

❑ งด/ลดการใช้เคร่ืองปรุงรส น า้จิม้ น า้พริก 

❑ ชิม ก่อน ปรุง 

❑ เลือกใช้สมุนไพร และ เคร่ืองเทศ เพ่ือแต่งกลิน่รสอาหาร 

❑ เลือกใช้รสชาติอ่ืนมาทดแทน เช่น รสเปร้ียว รสเผ็ด 

❑ อ่านฉลากโภชนาการทุกคร้ัง 

❑ ใช้ส้อมตกัอาหาร เพ่ือลดน า้ซอส 

❑ ช้อนเน้ือ เหลือน า้ เพ่ือลดปริมาณน า้แกง

งด

ลด

เลือก
dเสนอโดยน:ทe เfยวเFน gกโภชนาการ สถาcนโรคทรวงอก



(Figure 1). Many programs include behavioral health
personnel and pharmacists as integral members of the
team, while others have such expertise available for
referral and consultation when required.

It is important to note that in patients with car-
diovascular disease, some of the bene!cial effects of
CR in reducing cardiovascular mortality and hospi-
talizations have been attributed to reductions in
smoking, cholesterol, and blood pressure in addition
to exercise (56,57), underlining that the key aims of
CR are not only to improve physical health and QOL
but also to assist people with HF to develop the
necessary skills to successfully self-manage (58).
Therefore, a CR program should contain speci!c

components that optimize cardiovascular risk reduc-
tion, foster healthy behaviors and compliance, reduce
disability, and promote an active lifestyle for patients
with HF and cardiovascular disease (54).

The core components of a CR program include
baseline patient assessment; nutritional counseling;
lifestyle modi!cation; risk factor management for
lipids, blood pressure, weight, diabetes, and smoking;
psychosocial interventions; and physical activity
counseling and ET (52) (Table 1, Figure 1). Programs
that consist of ET alone are not considered CR pro-
grams. Randomized controlled trials have shown that
multidisciplinary comprehensive programs including
self-care strategies beyond ET signi!cantly improve

CENTRAL ILLUSTRATION Mechanisms of Bene!cial Effects of Exercise Training and Cardiac Rehabilitation in Pa-
tients With Heart Failure

Bozkurt, B. et al. J Am Coll Cardiol. 2021;77(11):1454–69.

Mechanisms by which cardiac rehabilitation and exercise training improve overall status in patients with heart failure.

Bozkurt et al. J A C C V O L . 7 7 , N O . 1 1 , 2 0 2 1

CR in Patients With HF M A R C H 2 3 , 2 0 2 1 : 1 4 5 4 – 6 9
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Effect of exercise training & cardiac rehabilitation in patients with HF



Nonpharmacological Interventions
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A recent pilot RCT N=27) showed that providing 
patients with 1.5 g/d sodium meals can reduce uri-
nary sodium and improve QOL but not improve clini-
cal outcomes.3 Another recent pilot RCT (N=38) of 
1.5 versus 2.3 g/d sodium resulted in sodium intake 
and improvement in BNP levels and QOL in the 
1.5 g/d sodium intake arm5; the full trial is due to 
be completed in 2022. A third pilot RCT (N=66) of 
home-delivered 1.5 g/d meals showed favorable but 
nonsignificant trends toward improvement in clini-
cal status and readmission rates.6 Moreover, results 
from RCTs have shown that reducing dietary sodium 
is difficult to achieve in patients with HF, even with 
prepared meals3 or home visits.26

7.1.3. Management of Stage C HF: Activity, Exercise 
Prescription, and Cardiac Rehabilitation

Recommendations for Management of Stage C HF: Activity, Exercise 
Prescription, and Cardiac Rehabilitation
Referenced studies that support the recommendations are summa-
rized in the Online Data Supplements.

COR LOE Recommendations

1 A

1. For patients with HF who are able to par-
ticipate, exercise training (or regular physical 
activity) is recommended to improve functional 
status, exercise performance, and QOL.1–9

2a B-NR

2. In patients with HF, a cardiac rehabilitation 
program can be useful to improve functional 
capacity, exercise tolerance, and health-related 
QOL.1,2,5,6,8

Table 11. Potential Barriers to Effective HF Self-Care and Example Interventions

Potential Barrier Example Screening Tools Example Interventions

Medical Barriers

Cognitive impairment48–50 Mini-Cog

Mini-Mental State Examination (MMSE)

Montreal Cognitive Assessment (MoCA)

Home health aide

Home meal deliveries

Adult day care

Geriatric psychiatry referral

Memory care support groups

Depression51,52 Hamilton Depression Rating Scale (HAM-D)

Beck Depression Inventory-II (BDI-II)

Patient Health Questionnaire-9 (PHQ-9)

Psychotherapy

Selective serotonin reuptake inhibitors

Nurse-led support

Substance use disorders53 Tobacco, Alcohol, Prescription medication, and other Sub-
stance use (TAPS)

Referral to social work services and community support partners

Referral for addiction psychiatry consultation

Frailty54 Fried frailty phenotype Cardiac rehabilitation

Registered dietitian nutritionist evaluation for malnutrition

Social Barriers

Financial burden of HF  
treatments55

COmprehensive Score for financial Toxicity–Functional As-
sessment of Chronic Illness Therapy (COST-FACIT)

PharmD referral to review prescription assistance eligibilities

Food insecurity56,57 Hunger Vital Sign, 2 items

US Household Food Security Survey Module, 6 items

Determine eligibility for the Supplemental Nutrition Assistance 
Program (SNAP)

Connect patients with community partners such as food pantries/
food banks

Home meal deliveries

Registered dietitian nutritionist evaluation for potential malnutrition

Homelessness or housing  
insecurity58–60

Homelessness Screening Clinical Reminder (HSCR) Referral to local housing services

Connect patients with community housing partners

Intimate partner violence or 
elder abuse61,62

Humiliation, Afraid, Rape, Kick (HARK) questionnaire

Partner Violence Screen (PVS)

Woman Abuse Screening Tool (WAST)

Referral to social work services and community support partners

Limited English proficiency or 
other language barriers63

Routinely inquire in which language the patient is most 
comfortable conversing

Access to interpreter services covering a wide range of languag-
es, ideally in person or, alternatively, via video platform

Printed educational materials in a range of appropriate languages

Low health literacy64 Short Assessment of Health Literacy (SAHL)

Rapid Estimate of Adult Literacy in Medicine–Short Form 
(REALM-SF)

Brief Health Literacy Screen (BHLS), 3 items

Agency for Healthcare Research and Quality (AHRQ) Health Lit-
eracy Universal Precautions Toolkit

Written education tools provided at sixth grade reading level or 
below Graphic educational documents

Social isolation or low social 
support65

Patient-Reported Outcomes Measurement Information 
System (PROMIS) Social Isolation Short Form

Determine eligibility for home care services

Support group referral

Transport limitations No validated tools currently available. Referral to social work services

Determine eligibility for insurance or state-based transportation, or 
reduced-cost public transportation

Maximize opportunities for telehealth visits and remote monitoring

HF indicates heart failure.
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Nonpharmacological Interventions

•Patients with HF on optimal GDMT, who are in 
stable medical condition and are able to 
participate in an exercise program, are 
candidates for an exercise rehabilitation program.


•Cardiac rehabilitation program includes a medical 
evaluation, education regarding the importance 
of medical adherence, dietary recommendations, 
psychosocial support, and an exercise training 
and physical activity counseling program. 


Circulation. 2022;145:e895–e1032. 



Diet and nutrition are key contributors to the
pathophysiology of cardiovascular disease. Although
it is beyond the scope of this paper to review
the speci!cs of various diets (e.g., vegetarian, Medi-
terranean, Dietary Approaches to Stop Hypertension),
dietary sodium intake, and weight-loss diets, it is
important that this be done on an individual basis
with each CR participant. It is also important to assess
the adequacy of caloric intake and dietary protein,
especially in patients with muscle wasting, which
may be masked in patients with obesity. Emphasis on
personalized dietary counseling that takes into ac-
count symptoms, congestion, and comorbidities,
including the presence or absence of diabetes and
atherosclerotic heart disease, is important. Typically,
standardized and validated dietary questionnaires
are used to assess pre-CR diet, develop individual
patient goals and strategies to achieve those goals,
and reassess diet at or near CR completion. Although
practitioners other than dieticians can conduct these
assessments, and group education sessions may be
led by any quali!ed individual (Table 5), registered
dietician nutritionists are the ideal personnel to
perform nutritional assessment and counseling, if

available. Many programs include sessions on
ordering wisely from restaurant menus and may
include a trip to a grocery store to provide experien-
tial learning as well. Some patients may require more
intensive or prolonged nutrition counseling and
referral to a dietician.

Lifestyle modi!cation with physical activity,
avoiding obesity, not smoking, maintaining a healthy
diet, reducing cholesterol, and keeping blood pres-
sure and glucose normal is associated with a lower
lifetime risk for HF and greater preservation of car-
diac structure and function (96). Lifestyle modi!ca-
tion counseling is usually included in CR.

Depression, anxiety, and mild cognitive dysfunc-
tion are common in patients with HF. It is expected
that screening assessment of these conditions be part
of the initial evaluation and when appropriate at in-
tervals during the program progression. Standardized
and validated instruments (e.g., the Beck Depression
Inventory, the Patient Health Questionnaire) are
typically used for this purpose. Those patients with
severe depression and/or suicide risk should be
promptly referred to quali!ed experts, and appro-
priate treatment should be initiated. For patients

FIGURE 2 Components of Center-Based Cardiac Rehabilitation and Non-Center-Based Exercise Activities

• Cycling, walking, jogging
• Swimming
• Dancing
• Sports activities
• Yard work/gardening
• Climbing
• Yoga, Tai Chi

Favorite Lifestyle Activities

• Start at low-moderate intensity: !14 on Borg
   scale, !60% Heart Rate Reserve, Resting Heart
   Rate + 30 bpm
• Gradually increase duration until 45-60 min/day,
   can be in several brief periods initially
• Gradually increase intensity, speed, incline,
   machine resistance
• Add moderate strength training with elastic
   bands, dumbbells, core exercises

Individualized Exercise

Non-Center Based Exercise

• Multidisciplinary
• Supervised Aerobic & Strength exercise
• Nutrition Guidance
• Psychosocial Evaluation
• Disease Education
• Lifestyle Modi"cation: Optimize BP, blood sugar, lipid, weight,
   smoking cessation

Cardiac Rehabilitation

• Continuous Moderate Intensity
• High intensity interval
   training

• Weights, dumbbells, elastic,
   bands
• Resistance exercises

Aerobic Exercise Strength Training

Components of center-based cardiac rehabilitation program and non-center-based exercise activities appropriate for patients with heart failure. BP ! blood pressure.

Bozkurt et al. J A C C V O L . 7 7 , N O . 1 1 , 2 0 2 1

CR in Patients With HF M A R C H 2 3 , 2 0 2 1 : 1 4 5 4 – 6 9
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Components of center-based cardiac rehabilitation and  
non-center-based exercise activities



Clinical Research in Cardiology (2021) 110:1150–1158
BAT: baroreflex activation therapy

CCM: cardiac contractility modulation



Multidisciplinary  
HF clinic



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

EVALUATION, ACTIVE 
INTERVENTION, 
REASSESSMENT

SOCIAL WORK SUPPORT

SELF-TREATMENT
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MONITORING
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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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The HF continuum

Am Heart J. 2021 Feb;232:116-124
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Pre-discharge checklist



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. QOL indicates quality of life.

Desai AS. Home monitoring heart failure care does not improve patient outcomes: looking beyond telephone-based disease management. Circulation. 2012;125:828 – 836.

Variables in design of disease management strategies. 



HF clinic & Mortality

HF clinic follow-up by a specialized multidisciplinary team (either in a clinic or non-clinic setting) 
• Reduced mortality (risk ratio [RR] 0.75, 95% confidence interval [CI] 0.59 to 0.96)
• HF hospitalizations (RR 0.74, 95% CI 0.63 to 0.87)
• All-cause hospitalizations (RR 0.81, 95% CI 0.71 to 0.92)

McAlister FA, Multidisciplinary strategies for the management of heart failure patients at high risk for admission: a systematic review of randomized trials. J Am Coll Cardiol. 2004;44:810 – 819.

29 RCT broken down by primary intervention
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
It is recommended that HF patients are enrolled in a multidisciplinary HF 
management programme to reduce the risk of HF hospitalization and mortality

I A

Self-management strategies are recommended to reduce the risk of HF 
hospitalization and mortality.

I A

Either home-based and/or clinic-based programmes improve outcomes and are 
recommended to reduce the risk of HF hospitalization and mortality.

I A

Influenza and pneumococcal vaccinations should be considered in order to 
prevent HF hospitalizations.

IIa B

Multidisciplinary interventions recommended for the management of
chronic heart failure

HF=heart failure.



The goals of the HF clinic included  

• 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



Important characteristics and components in HF management program 
Table 11 Important characteristics and components in a heart failure management programme

Characteristics

1. Patient/person-centred318

2. Multidisciplinary

3. The focus of the programme should be flexible and include:

• prevention of disease progression

• symptom control

• maintaining patients in their preferred place of care for end-stage heart failure

4. Competent and professionally educated staff

5. Encourage patient/carer engagement in the understanding and management of their condition

Components

1. Optimized management; lifestyle choices, pharmacological, and devices

2. Patient education, with special emphasis on self-care and symptom management

3. Provision of psychosocial support to patients and family caregivers

4. Follow-up after discharge (clinic; home visits; telephone support or telemonitoring)

5. Easy access to healthcare, especially to prevent and manage decompensation

6. Assessment of (and appropriate intervention in response to) an unexplained change in weight, nutritional and functional status, quality of life, sleep

problems, psychosocial problems or other findings (e.g., laboratory values)

7. Access to advanced treatment options; supportive and palliative care

Table 12 Patient education and self-care

Education topic Goal for the patient and caregiver Professional behaviour and educational tools

Explanation about HF To understand the cause of their HF, symptoms and treat-

ment choice.

Provide tailored information.

The HF trajectory To understand prognosis and the different possible phases

in the HF trajectory.

To make joint treatment decisions that recognise the

patient’s position on the HF trajectory.

Sensitively communicate information on prognosis at time of diag-

nosis, during decision making about treatment options, when

there is a change in the clinical condition and whenever the

patient requests.

Medical treatment

Medication To be able to make joint decisions about medication.

To understand the indications, benefits, the need for long-

term adherence to certain drugs, and the dosing and

side effects of medication.

To be able to recognize the common side effects of medi-

cation and know what actions to take.

Provide written and oral information on indication, benefits, dos-

ing, effects and side effects.

Discuss practical issues such as optimal time-schedule, what to do

in case of a missed dose etc.

Discuss possible barriers for medication taking.

Advise on support aids such as dosette box, electronic reminders

etc. when appropriate.320

Implanted devices To be able to make joint decisions on device implantation.

To understand the indications, importance, expectations

and check-up routine for implanted devices, and any

exception management.

To be able to recognize the common complications

(including the risk of inappropriate defibrillator shocks),

and know what actions to take.

Provide written and oral information about the importance and

expectations of implanted devices, and possible ways of follow-

up (remote monitoring).

Discuss expectations and any possible impact on driving.

Clearly identify situations where the device might be deactivated

or explanted.

Involve patient and caregiver in decision making.

Self-care aspects

Activity and exercise To undertake regular exercise and be physically active.

To be able to adapt physical activity to symptom status

and personal circumstances.

Advise on exercise that recognizes physical and functional limita-

tions, such as frailty, comorbidities.

Refer to exercise programme or other activity modes.

Discuss possible barriers, side-effects and opportunities.

Sleep and breathing To recognize the importance of sleep and rest for (CV)

health.

To be able to recognize problems with sleeping and how

to optimize sleep.

Review sleep history.

Advise and discuss the importance of good sleep and provide

advice on ‘sleep health’ (including timing of diuretics).
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Table 11 Important characteristics and components in a heart failure management programme

Characteristics

1. Patient/person-centred318

2. Multidisciplinary

3. The focus of the programme should be flexible and include:

• prevention of disease progression

• symptom control

• maintaining patients in their preferred place of care for end-stage heart failure

4. Competent and professionally educated staff

5. Encourage patient/carer engagement in the understanding and management of their condition

Components

1. Optimized management; lifestyle choices, pharmacological, and devices

2. Patient education, with special emphasis on self-care and symptom management

3. Provision of psychosocial support to patients and family caregivers

4. Follow-up after discharge (clinic; home visits; telephone support or telemonitoring)

5. Easy access to healthcare, especially to prevent and manage decompensation

6. Assessment of (and appropriate intervention in response to) an unexplained change in weight, nutritional and functional status, quality of life, sleep

problems, psychosocial problems or other findings (e.g., laboratory values)

7. Access to advanced treatment options; supportive and palliative care

Table 12 Patient education and self-care

Education topic Goal for the patient and caregiver Professional behaviour and educational tools

Explanation about HF To understand the cause of their HF, symptoms and treat-

ment choice.

Provide tailored information.

The HF trajectory To understand prognosis and the different possible phases

in the HF trajectory.

To make joint treatment decisions that recognise the

patient’s position on the HF trajectory.

Sensitively communicate information on prognosis at time of diag-

nosis, during decision making about treatment options, when

there is a change in the clinical condition and whenever the

patient requests.

Medical treatment

Medication To be able to make joint decisions about medication.

To understand the indications, benefits, the need for long-

term adherence to certain drugs, and the dosing and

side effects of medication.

To be able to recognize the common side effects of medi-

cation and know what actions to take.

Provide written and oral information on indication, benefits, dos-

ing, effects and side effects.

Discuss practical issues such as optimal time-schedule, what to do

in case of a missed dose etc.

Discuss possible barriers for medication taking.

Advise on support aids such as dosette box, electronic reminders

etc. when appropriate.320

Implanted devices To be able to make joint decisions on device implantation.

To understand the indications, importance, expectations

and check-up routine for implanted devices, and any

exception management.

To be able to recognize the common complications

(including the risk of inappropriate defibrillator shocks),

and know what actions to take.

Provide written and oral information about the importance and

expectations of implanted devices, and possible ways of follow-

up (remote monitoring).

Discuss expectations and any possible impact on driving.

Clearly identify situations where the device might be deactivated

or explanted.

Involve patient and caregiver in decision making.

Self-care aspects

Activity and exercise To undertake regular exercise and be physically active.

To be able to adapt physical activity to symptom status

and personal circumstances.

Advise on exercise that recognizes physical and functional limita-

tions, such as frailty, comorbidities.

Refer to exercise programme or other activity modes.

Discuss possible barriers, side-effects and opportunities.

Sleep and breathing To recognize the importance of sleep and rest for (CV)

health.

To be able to recognize problems with sleeping and how

to optimize sleep.

Review sleep history.

Advise and discuss the importance of good sleep and provide

advice on ‘sleep health’ (including timing of diuretics).

Continued

ES
C

 2
02

1

36 ESC Guidelines

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/advance-article/doi/10.1093/eurheartj/ehab368/6358045 by guest on 30 August 2021

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. European Heart Journal (2021) 00, 1-128

Characteristics

Components



Model of Heart Failure Self-Care

Nat Rev Cardiol. 2011;8(11):1-11.

Patient need to 
understand how to 

 Monitor their symptoms

 Weight fluctuations

 Restrict there sodium 

intake

 Take their medications 

as prescribed

 Stay physically active



Go to the hospital 

(pulmonary congestion)

Dyspnea at rest

Ortopnea

Pitting edema 3+/4+ 
(leg)

Awareness of mild HF symptoms

•Low salt diet & restricted water intake

•Self-adjustment of the diuretic dose

•Review medication

PND

Pitting edema 1+/2+ 
(ankle)

Dyspnea on exertion

Monitor BW 
&  

symptoms of HF



Self-monitoring Tools

Advise patients to perform measurements (e.g. fluid intake, BW, BP, HR)



n ก่อต้ังเม่ือตุลาคม 2547
n วัตถุประสงค์: เพ่ือให้ผู้ป่วยได้รับการดูแล

โดยสหสาขาวิชาชีพเพ่ือ 
    1.เพ่ิมคุณภาพชีวิต 
    2.ลดการนอนรพ.ซ้ำ 
    3.ลดค่ารักษาพยาบาล 
    4.ลดอัตราการเสียชีวิต 



Heart Failure 
Clinic in CCIT

Cardiologist

Heart Failure 
Nurse

Social Service

PsysiotherapistDietician

Pharmacist

Multidisciplinary Team



1. Nurse 2.Pharmacist

4.Nurse 5.Physiotherapist 6.Nutritionist

3.Cardiologist



HF clinic: Follow up Intensive phase 
 Goal: optimized medical treatment 

 F/U every 1-4 wk: CXR, blood chemistry 
(BUN, Cr, electrolyte, etc.) 

Titration of medication 

ACEI/ARB/ARNI: avoid hypotension 

BB: target HR < 70/min 

MRA 

SGLT2i 

Diuretics: keep euvolumia, avoid 
overdiuresis, self dose adjustment

Intensive phase  
(0-3 months)

Maintenance phase  
(> 3 months) 

• KCCQ  
• 6MWT 
• Echocardiography 
• Evaluation for device, special 
intervention, heart transplant 



Physician Role
• Leads the team
• Screening and enroll HF patient
• Treatment
• Evidence-based management (HF & co-

morbidities): Medication, intervention, device 
therapy

• Psychosocial support
• Patient health education
• Intensive follow up
• Re-assessment and re-evaluation
• Treatment Plan

• Communication with the team (team work)



Take Home Message:  
Heart Failure Management

Evidence-base management

Take a case-by-case approach

Active management & re-evaluation

Transition care intervention

Team work <=> multidisciplinary team

Patient education (self-care and self-monitoring)


