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1 Abbreviations and acronyms

6MWT 6-minute walk test

ACE-| Angiotensin-converting enzyme
inhibitor

ACS Acute coronary syndrome

ADVANCE Evaluation of the HeartWare Left
Ventricular Assist Device for the
Treatment of Advanced Heart Failure
(trial)

AF Atrial fibrillation

AHF Acute heart failure

Aldo-DHF Aldosterone Receptor Blockade in
Diastolic Heart Failure (trial)

AMI Acute myocardial infarction

AO Aorta/aortic

ARB Angiotensin-receptor blocker

ARNI Angiotensin receptor-neprilysin inhibitor
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ATLAS

AV
b.i.d.
BMI
BNP
b.p.m.
BTD
BTR
BTT
BUN
CAD
CARE-HF

CE
CHARM-Added

CHARM-Alternative

CHARM-Preserved

CHART-2

Cl

CIBIS-II

CKD
CONSENSUS

COPD
COPERNICUS

CPET

CR

CRT

CcT

Ccv

CVvD
CYP3A4
DAPA-CKD

DAPA-HF
DIG

DIG-PEF

DT
DM
E/e’ (ratio)

ECG

Assessment of Treatment with Lisinopril
And Survival (trial)

Atrio-ventricular

Twice daily

Body mass index

B-type natriuretic peptide

Beats per minute

Bridge to decision

Bridge to recovery

Bridge to transplant

Blood urea nitrogen

Coronary artery disease

CArdiac REsynchronization in Heart Failure
(trial)

Conformité Européenne

Candesartan Cilexitil in Heart Failure —
Assessment of Mortality and Morbidity
(trial)

Candesartan in Heart Failure —
Assessment of Reduction in Mortality and
Morbidity (trial)

Candesartan Cilexetil in Heart Failure —
Assessment of Reduction in Mortality and
Morbidity (trial)

Congestive Heart Failure Cardiopoietic
Regenerative Therapy (trial)

Confidence interval

Cardiac Insufficiency Bisoprolol Study |l
Chronic kidney disease

Cooperative North Scandinavian Enalapril
Survival Study

Chronic obstructive pulmonary disease
Carvedilol Prospective Randomized
Cumulative Survival (trial)
Cardiopulmonary exercise test
Controlled release

Cardiac resynchronization therapy
Computed tomography

Cardiovascular

Cardiovascular disease

Cytochrome P450 3A4

Dapagliflozin and Prevention of Adverse
outcomes in Chronic Kidney Disease (trial)
Dapagliflozin And Prevention of Adverse
outcomes in Heart Failure (trial)

Digitalis Investigation Group (trial)
Ancillary DIG trial (effects of digoxin on
morbidity and mortality in diastolic heart
failure)

Destination therapy

Diabetes mellitus

E/e’ ratio = early filling velocity on
transmitral Doppler/early relaxation
velocity on tissue Doppler
Electrocardiogram

ECMO

EF

eGFR
EMPEROR-Reduced

EMPHASIS-HF

ENDURANCE

ESC-HF-LT

FiO,
FoCUS
GALACTIC-HF

GDMT
GWTG-HF

Hb
HF
HFmrEF

HFrEF
HIV

HTN

|ABP
|ABP-SHOCK-I

ICD
ICU
IPD
I-PRESERVE

iv.

IvC
IVS

K+
KCCQ

LA

LGE

LV
LVAD
LVEED
LVEF
LVH
LVIDD
MADIT Il

MAGGIC

MCS

Extracorporeal membrane oxygenation
Ejection fraction

Estimated glomerular filtration rate
Empagliflozin Outcome Trial in Patients
with Chronic Heart Failure and a Reduced
Ejection Fraction (trial)

Eplerenone in Mild Patients Hospitalization
And Survlval Study in Heart Failure (trial)
HeartWare Ventricular Assist System as
Destination Therapy of Advanced Heart
Failure (trial)

European Society of Cardiology Heart
Failure Long-Term (registry)

Fraction of inspired oxygen

Focus Cardiac Ultrasound

Global Approach to Lowering Adverse
Cardiac Outcomes through Improving
Contractility in Heart Failure (trial)
Guideline-directed medical therapy

Get With the Guidelines — Heart Failure
(registry)

Haemoglobin

Heart failure

Heart failure with mildly reduced ejection
fraction

Heart failure with reduced ejection fraction
Human immunodeficiency virus
Hypertension

Intra-aortic balloon pump

Intra-aortic Balloon Pump in Cardiogenic
Shock |l

Implantable cardioverter-defibrillator
Intensive care unit

Individual patient data

Irbesartan in Patients with Heart Failure
and PRESERVEJ Ejection Fraction (trial)
Intravenous

Inferior vena cava

Interventricular septum

Potassium

Kansas City Cardiomyopathy
Questionnaire

Left atrium/atrial

Late gadolinium enhancement

Left ventricle/left ventricular

Left ventricular assist device

Left ventricular end-diastolic diameter
Left ventricular ejection fraction

Left ventricular hypertrophy

Left ventricular internal diastolic dimension
Multi-center Autonomic Defibrillator
Implantation Trial Il

Meta-Analysis Global Group in Chronic
Heart Failure

Mechanical circulatory support
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MECKI

mEq
MERIT-HF

MLHFQ

MOMENTUM-3

MRA

N/A
NIV
NP

NS
NSAID
NT-proBNP
NYHA
NYR
od.
OMM
OPTIC

OPTIMIZE-HF

PA

PaCO,

PaO,
PARADIGM-HF

PARAGON-HF

PARAMOUNT

PCI
Peak VO,
PEP-CHF

PMR
Prn
PWT
QOL
QRS
QT

Metabolic Exercise test data combined with
Cardiac and Kidney Indexes
Milliequivalent

Metoprolol CR/XL Randomized
Intervention Trial in Congestive Heart
Failure (trial)

Minnesota Living with Heart Failure
Questionnaire

Multicenter study of Maglev Technology in
Patients Undergoing Mechanical
Circulatory Support Therapy with
HeartMate 3 (trial)

Mineralocorticoid receptor antagonist
Number of patients

Not available

Non-invasive ventilation

Natriuretic peptide

Not significant

Non-steroidal anti-inflammatory drug
N-terminal pro-B-type natriuretic peptide
New York Heart Association

Not yet reported

Once daily

Optimal medical management

Optimal Pharmacological Therapy in
Cardioverter Defibrillator Patients (trial)
Organized Program to Initiate Lifesaving
Treatment in Hospitalized Patients with
Heart Failure (registry)

Pulmonary artery

Partial pressure of carbon dioxide

Partial pressure of oxygen

Prospective Comparison of ARNI with
ACE-| to Determine Impact on Global
Mortality and Morbidity in Heart Failure
(trial)

Prospective Comparison of ARNI with
ARB Global Outcomes in HF with
preserved Ejection Fraction (trial)
LCZ696 Compared to Valsartan in Patients
with Chronic Heart Failure and Preserved
Left-ventricular Ejection Fraction (trial)
Percutaneous coronary intervention

Peak exercise oxygen consumption
Perindopril in Elderly People with Chronic
Heart Failure (trial)

Papillary muscle rupture

As needed

Posterior wall thickness

Quality of life

Q, R, and S waves of an ECG

QT interval

RAAS
RALES
RELAX

ROADMAP

r.p.m.
RV

RVF
Sac/Val
SBP

SCr
SENIORS

SGLT2
SHFM
SHIFT

SOLVD-Treatment

SpO,

SR

ST
SWEDEHF
TAPSE
TOE

tid.
TIME-CHF

TOPCAT

VA
Val-HeFT
VANISH

VICTORIA

Vs.
VSD
WRF
XL

Right atrium/atrial
Renin-angiotensin-aldosterone system
Randomized Aldactone Evaluation Study
Phosphodiesterase-5 Inhibition to Improve
Clinical Status and Exercise Capacity in
Diastolic Heart Failure (trial)

Risk Assessment and Comparative
Effectiveness of Left Ventricular Assist
Device and Medical Management in
Ambulatory Heart Failure Patients (trial)
Revolutions per minute

Right ventricle/right ventricular

Right ventricular failure
Sacubitril/valsartan

Systolic blood pressure

Serum creatinine

Study of the Effects of Nebivolol
Intervention on Outcomes and
Rehospitalisations in Seniors with Heart
Failure (trial)

Sodium-glucose co-transporter 2

Seattle Heart Failure Model

Systolic Heart failure treatment with the If
inhibitor ivabradine Trial

Studies of Left Ventricular Dysfunction
Treatment (trial)

Oxygen saturation

Sinus rhythm

ST segment (on the ECG)

Swedish Heart Failure Registry

Tricuspid annular plane systolic excursion
Transoesophageal echocardiogram

Three times a day

Trial of Intensified versus standard Medical
therapy in Elderly patients with Congestive
Heart Failure

Treatment of Preserved Cardiac Function
Heart Failure with an Aldosterone
Antagonist (trial)

Veno-arterial

Valsartan Heart Failure Trial

Ventricular Tachycardia Ablation or
Escalated aNtiarrhythmic Drugs in Ischemic
Heart Disease (trial)

Vericiguat Global Study in Patients with
Heart Failure with Reduced Ejection
Fraction

Versus

Ventricular septal defect

Worsening renal function

Extended release



ESC Guidelines

2 Introduction

No supplementary data for this section.

3 Definition, epidemiology and prognosis

No supplementary data for this section.

4 Chronic heart failure

No supplementary data for this section.

5 Heart failure with reduced ejection fraction

Supplementary Table |

reduced ejection fraction

Trial

ACE-Is
CONSENSUS

SOLVD-Treatment’

ATLAS?

Beta-blockers
COPERNICUS®

CIBIS-II*

MERIT-HF?

Drug

Enalapril (n = 127) vs. pla-
cebo (n = 126)

Enalapril (n = 1285) vs. pla-
cebo (n = 1284)

High (n = 1568) vs. low (n =
1596) dose of lisinopril

Carvedilol (n = 1156) vs.
placebo (n = 1133)

Bisoprolol (n = 1327 vs. pla-
cebo (n = 1320)

Metoprolol CR/XL (n =
1991) vs. placebo (n =
2001)

Major inclusion
criteria

Congested HF,
NYHA IV, cardiomegaly
on chest X-ray

LVEF <35%,
NYHA -1V (90%
NYHA [1-1IT)

LVEF <30%,
NYHA -1V

LVEF <25%, NYHA [V

LVEF <35%,
NYHA -V

LVEF <40%,
NYHA -1V

Mean
follow-up
(years)

0.5

35

3.8

0.9

1.3

1.0

Impact of treatment on
primary endpoint

All-cause mortality reduced
by 40% at 6 months (26%
vs. 44%, P = 0.002) and by
31% at 12 months (52% vs.
36%, P =0.001)

All-cause mortality reduced
by 16% (35% vs. 40%)

(P =0.004)

All-cause mortality was
non-significantly reduced by
8% (43% vs. 45%, P = 0.13)

All-cause mortality reduced
by 35% (11% vs. 17%)
(P <0.001)

All-cause mortality reduced
by 34% (12% vs. 17%)

(P <0.001)

All-cause mortality reduced
by 34% (7% vs. 11%)

(P <0.001)

Major clinical trials of therapeutic interventions in patients with chronic heart failure with

Other results

Reduction in combined all-
cause mortality and HF hos-
pitalization rate by 26%

(P <0.0001)

Trend towards a reduction
in CV mortality by 10%

(P =0.07). Reduction in
combined all-cause mortal-
ity or HF hospitalization
rate by 15% (P <0.001)

Reduction in combined all-
cause mortality and any
hospitalization rate by 24%
(P <0.001)

Reduction in combined CV
mortality or CV hospitaliza-
tion rate by 21% (P <0.001)
Reduction in the risk of CV
death by 38% (P <0.001),
sudden death by 41%

(P <0.001) and death from
aggravated HF by 49%

(P =10.002)

Continued
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Supplementary Table |

Trial

SENIORS®

MRAs
RALES®

EMPHASIS-HF’

ARNIs
PARADIGM-HF®

If channel blocker
SHIFT?

ARBs
CHARM-Added"

CHARM-Alternative’

Continued

Drug

Nebivolol (n = 1067) vs.
placebo (n = 1061)

Spironolactone (n = 822) vs.
placebo (n = 841)

Eplerenone (n = 1364) vs.
placebo (n = 1373)

Sac/Val (n = 4187) vs. ena-
lapril (n = 4212)

Ivabradine (n = 3268) vs.
placebo (n = 3290)

Candesartan (n = 1276) vs.

placebo (n = 1272)

Candesartan (n = 1013) vs.
placebo (n = 1015)

Major inclusion
criteria

Age >70y, HF con-
firmed as HF hospitaliza-
tion in recent

12 months and/or LVEF
<35% in recent

6 months

LVEF <35%,

NYHA -1V, and HF
for >6 weeks

NYHA Il, LVEF <30% or
LVEF 30—35% with
QRS >130 ms, CV hos-
pitalization in recent

6 months or BNP

>250 pg/mL or NT-
proBNP >500 pg/mL in
men and >750 pg/mL in

women

NYHA 11V, LVEF
<40% (amended to
LVEF <35%), BNP
>150 pg/mL or NT-
proBNP >600 pg/mL,
or, if HF hospitalization
within recent 12 months
BNP >100 pg/mL or
NT-proBNP >400
pg/mL

LVEF <35%,

NYHA [I—-1V, HF hospi-
talization in recent

12 months, SR, heart
rate >70 b.p.m.

LVEF <40%,
NYHA |-V, treatment
with ACE-I

LVEF <40%,
NYHA |-V, intolerant
to ACE-|

Mean
follow-up
(years)

1.8

2.0

18

23

19

34

2.8

Impact of treatment on
primary endpoint

Combined all-cause mortal-
ity and CV hospitalization
rate reduced by 14% (31%
vs. 35%, P = 0.04)

All-cause mortality reduced
by 30% (35% vs. 46%)

(P <0.001)

Combined CV mortality or
HF hospitalization rate
reduced by 37% (18% vs.
26%, P <0.001)

Composite of death from
CV causes or a first HF hos-
pitalization reduced by 20%
(22% vs. 27%, P <0.001)

Combined CV mortality or
HF hospitalization rate
reduced by 18% (24% vs.
29%, P <0.001)

Combined CV mortality or
HF hospitalization rate
reduced by 15% (38% vs.
42%, P =0.01)

Combined CV mortality or
HF hospitalization rate
reduced by 23% (33% vs.
40%, P <0.001)

Other results

Reduction in cardiac hospi-
talization rate by 35%
(P<0.001)

Reduction in all-cause mor-
tality by 24% (P = 0.008)
and CV mortality by 24%
(P =0.01). Reduction in HF
hospitalization rate by 42%
(P <0.001)

Reduction in all-cause mor-
tality by 16% (P <0.001) and
CV mortality by 20%

(P <0.001).

Reduction in HF hospitaliza-
tion rate by 21% (P <0.001)

Reduction in HF hospitaliza-
tion rate by 26% (P<0.001).
Reduction in HF-related
mortality by 26%
(P=10.001)

Continued
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Supplementary Table | Continued

Trial Drug Major inclusion Mean Impact of treatment on  Other results

criteria follow-up  primary endpoint
(years)
Val-HeFT"? Valsartan (n = 2511) vs. pla-  LVEF <40%, 19 All-cause mortality was sim-  —
cebo (n = 2499) NYHA Il -1V, treatment ilar in both groups (19.7%

with ACE-I, LVIDD vs. 19.4%, P = 0.80).
>2.9 cm/body surface Reduction in a co-primary
area combined endpoint of all-

cause death, cardiac arrest
with resuscitation, HF hos-
pitalization or i.v. adminis-
tration of inotropic or
vasodilator drugs for >4 h
without hospitalization by
13% (29% vs. 32%,

P =0.009)
Soluble guanylate cyclase stimulator
VICTORIA™ Vericiguat (n = 2526) vs. LVEF <45%, 0.9 Combined CV mortality or  —
placebo (n = 2524) NYHA 11V, recent HF hospitalization reduced
hospitalization by 10% (35.5% vs. 38.5%,
P=0.02)
SGLT2 inhibitors
DAPA-HF" Dapagliflozin (n = 2373) vs.  LVEF <40%, 1.5 Combined CV mortality or  Reduction in CV mortality
placebo (n = 2371) NYHA 11V, presence worsening HF reduced by by 18%.
or absence of type 2 dia- 26% (16.3% vs. 21.2%, Reduction in all-cause mor-
betes mellitus P <0.001) tality by 17%.
Reduction in worsening HF
by 30%
EMPEROR-Reduced™ Empagliflozin (n = 1863) vs. LVEF <40%, 13 Combined CV mortality or  Reduction in number of
placebo (n = 1867) NYHA 11V, presence worsening HF reduced by hospitalizations for HF by
or absence of type 2 dia- 25% (19.4% vs. 24.7%, 30%
betes mellitus P <0.001)
Cardiac myosin activator
GALACTIC-HF'® Omecamtiv (n = 4120) vs. In-patients and out- 1.8 Combined first HF event or  —
placebo (n = 4112) patients with NYHA CV death by 8% (37% vs.
I1—IV HF and LVEF 39.1%, P <0.001)

<35%

ACE-| = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker; ARNI = angiotensin-receptor neprilysin inhibitor; ATLAS = Assessment of Treatment
with Lisinopril And Survival (trial); BNP = B-type natriuretic peptide; b.p.m. = beats per minute; CIBIS-Il = Cardiac Insufficiency Bisoprolol Study Il; CHARM-Added =
Candesartan Cilexitil in Heart Failure Assessment of Mortality and Morbidity (trial); CHARM-Alternative = Candesartan in Heart Failure Assessment of Reduction in Mortality
and Morbidity (trial); CONSENSUS = Cooperative North Scandinavian Enalapril Survival Study; COPERNICUS = Carvedilol Prospective Randomized Cumulative Survival
(trial); CR = controlled release; CV = cardiovascular; DAPA-HF = Dapagliflozin And Prevention of Adverse outcomes in Heart Failure (trial); EMPEROR-Reduced =
Empagliflozin Outcome Trial in Patients with Chronic Heart Failure and a Reduced Ejection Fraction (trial); EMPHASIS-HF = Eplerenone in Mild Patients Hospitalization and
Survlval Study in Heart Failure (trial); GALACTIC-HF = Global Approach to Lowering Adverse Cardiac Outcomes through Improving Contractility in Heart Failure (trial); h =
hours; HF = heart failure; i.v. = intravenous; LVEF = left ventricular ejection fraction; LVIDD = left ventricular internal diastolic dimension; MERIT-HF = Metoprolol CR/XL
Randomized Intervention Trial in Congestive Heart Failure; MRA = mineralocorticoid receptor antagonist; n = number of patients; NT-proBNP = N-terminal pro-B-type natriu-
retic peptide; NYHA = New York Heart Association; PARADIGM-HF = Prospective Comparison of ARNI with ACE-| to Determine Impact on Global Mortality and Morbidity
in Heart Failure (trial); QRS = Q, R, and S waves of an ECG; RALES = Randomized Aldactone Evaluation Study; Sac/Val = sacubitril/valsartan; SENIORS = Study of the Effects of
Nebivolol Intervention on Outcomes and Rehospitalisations in Seniors with Heart Failure (trial); SGLT2 = sodium-glucose co-transporter 2; SHIFT = Systolic Heart failure
treatment with the I¢inhibitor ivabradine Trial; SOLVD-Treatment = Studies of Left Ventricular Dysfunction Treatment (trial); SR = sinus rhythm; Val-HeFT = Valsartan Heart
Failure Trial; VICTORIA = Vericiguat Global Study in Patients with Heart Failure with Reduced Ejection Fraction; vs. = versus; XL = extended release.
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Supplementary Table 2 Practical guidance on the use of angiotensin-converting enzyme inhibitors (or an angiotensin Il
receptor blocker) in patients with heart failure with reduced ejection fraction®

WHY?

To improve symptoms and exercise capacity, reduce the risk of HF hospitalization, and increase survival.

IN WHOM AND WHEN?

Indications:

1. Patients with HFrEF.

Contraindications:

1. History of angioedema®.

2. Known bilateral renal artery stenosis.

3. Pregnancy/risk of pregnancy.

4. Known allergic reaction/other adverse reaction (drug-specific).

Cautions/seek specialist advice:

1. Significant hyperkalaemia (K" >5.0 mmol/L).

2. Significant renal dysfunction [creatinine >221 umol/L (>2.5 mg/dL) or eGFR <30 mL/min/1.73 m*].

3. Symptomatic or severe asymptomatic hypotension (SBP <90 mmHg).

4. Drug interactions to look out for:
e K supplements K™-sparing diuretics, e.g. amiloride and triamterene (beware combination preparations with furosemide).
e MRAs.

e Renin inhibitors*.

e NSAIDs’.

e Trimethoprim/trimethoprim-sulfamethoxazole.

® ‘Low-salt’ substitutes with a high K™ content.

WHICH ACE-I AND WHAT DOSE? — see also Guidelines, Table 8

Captopril: starting dose 6.25 mg t.i.d., target dose 50 mg t.i.d.

Enalapril: starting dose 2.5 mg b.i.d., target dose 10—20 mg b.i.d.

Lisinopril: starting dose 2.5—5 mg o.d,, target dose 20—35 mg o.d.

Ramipril: starting dose 2.5 mg o.d,, target dose 10 mg o.d.

Trandolapril: starting dose 0.5 mg o.d,, target dose 4 mg o.d.

WHERE?

® [n the community in stable patients (NYHA class [V/patients with severe HF and those with a current/recent exacerbation should be referred for special-

ist advice).

e [n patients hospitalized with worsening HF—after stabilizing, relieving congestion, and if possible, restoring ‘euvolaemia’ (but ideally before discharge).

e Other exceptions—see ‘Cautions/seek specialist advice’.

HOW TO USE?

® Check renal function and electrolytes.

e Start with a low dose (see Guidelines, Table 8).

e Double the dose at not less than 2-week intervals in the community. More rapid dose uptitration may be carried out in patients in hospital or who are

otherwise closely monitored, tolerability permitting.

Aim for the target dose (see above) or, failing that, the highest tolerated dose [remember: some ACE-| (or ARB) is better than no ACE-I].

Re-check blood chemistry (urea/BUN, creatinine, K™) 1—2 weeks after initiation and 1—2 weeks after final dose titration.

Monitor blood chemistry 4-monthly thereafter.

When to stop uptitration, reduce dose, stop treatment—see PROBLEM SOLVING.

It is very rarely necessary to stop an ACE-| (or ARB), and clinical deterioration is likely if treatment is withdrawn. Ideally, specialist advice should be

sought before treatment discontinuation.
® A specialist HF nurse may assist with education of the patient, follow-up (in person or by telephone), biochemical monitoring, and dose uptitration.

Continued
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PROBLEM SOLVING

Asymptomatic low blood pressure:

® Does not usually require any change in therapy.

Symptomatic hypotension:

e Dizziness/light headedness is common and often improves with time—patients should be reassured.

® Reconsider need for nitrates, calcium-channel blockers® and other vasodilators and reduce dose/stop, if possible.

e [f no signs or symptoms of congestion, consider reducing diuretic dose.

o [f these measures do not solve problem, seek specialist advice.

Cough:

® Cough is common in patients with HF, some of whom have smoking-related lung disease.

e Cough is also a symptom of pulmonary oedema, which should be excluded when a new worsening cough develops.

o ACE-l-induced cough does not always require treatment discontinuation.

® When a troublesome cough does develop (e.g. one stopping the patient from sleeping) and can be proved to be due to ACE inhibition (i.e. recurs after
ACE-| withdrawal and re-challenge), substitution of an ARB is recommended.

WRF and hyperkalaemia:

Some rise in urea (BUN), creatinine, and K™ is to be expected after an ACE-; if an increase is small and asymptomatic, no action is necessary.

An increase in creatinine of up to 50% above baseline, or 266 pmol/L (3 mg/dL)/eGFR <25 mL/min/1.73 m?, whichever is the smaller, is acceptable.

An increase in K* to <5.5 mmol/L is acceptable.

If urea, creatinine, or K does rise excessively, consider stopping concomitant nephrotoxic drugs (e.g. NSAIDs)? and other K™ supplements or retaining
agents (triamterene, amiloride) and, if no signs of congestion, reducing the dose of diuretic.
o |f greater rises in creatinine or K than those outlined above persist despite adjustment of concomitant medications, the dose of the ACE-I (or ARB)
should be halved and blood chemistry re-checked within 1—2 weeks; if there is still an unsatisfactory response, specialist advice should be sought.
o IfK" rises to >5.5 mmol/L or creatinine increases by >100% or to >310 pmol/L (3.5 mg/dL)/eGFR <20 mL/min/1.73 m?, the ACE-I (or ARB) should be
stopped and specialist advice sought.
® Blood chemistry should be monitored frequently and serially until K™ and creatinine have plateaued.
ADVICE TO PATIENT
® Explain expected benefits:
® Improved symptoms and exercise capacity.
® Prevention of worsening of HF leading to hospital admission.
® Increased survival.
® Symptoms improve within a few weeks to a few months after starting treatment.
® Advise patients to report principal adverse effects (i.e. dizziness/symptomatic hypotension, cough)—see PROBLEM SOLVING.
o Advise patients to avoid NSAIDs® not prescribed by a physician (i.e. purchased over-the-counter) and salt substitutes high in K*—see PROBLEM
SOLVING.

ACE-| = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker; b.id. = twice daily; BUN = blood urea nitrogen; eGFR = estimated glomerular filtration
rate; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; K™ = potassium; MRA = mineralocorticoid receptor antagonist; NSAID = non-steroidal anti-
inflammatory drug; NYHA = New York Heart Association; o.d. = once daily; SBP = systolic blood pressure; tid. = three times a day; WRF = worsening renal function.

*The recommendations in this table represent expert opinion based upon relevant clinical trials (drugs, titration schedules, target doses, patient monitoring, treatment benefits,
and reported adverse effects) and clinical experience.

®The safety of an ARB in patients developing angioedema with an ACE-l is uncertain.

“Renin inhibitors are not recommended in HF.

9Avoid NSAIDs unless essential.

Calcium-channel blockers should be discontinued unless absolutely necessary, and diltiazem and verapamil are potentially harmful in HFrEF because of their negative inotropic
action.
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Supplementary Table 3 Practical guidance on the use of beta-blockers in patients with heart failure with reduced ejec-
tion fraction

WHY?
To improve symptoms, reduce the risk of HF hospitalization, and increase survival.

IN WHOM AND WHEN?

Indications:
1. Patients with stable HFrEF.
Contraindications:

1. Second- or third-degree AV block (in the absence of a permanent pacemaker).

2. Critical limb ischaemia.

3. Asthma (relative contraindication): if cardio-selective beta-blockers are indicated, asthma is not necessarily an absolute contraindication, but these medi-
cations should only be used under close medical supervision by a specialist, with consideration of the risks for and against their use; COPD is not a
contraindication.

4. Known allergic reaction/other adverse reaction (drug-specific).

Cautions/seek specialist advice:

1. Severe (NYHA class IV) HF.

2. Current or recent (<4 weeks) exacerbation of HF (e.g. hospital admission with worsening HF), heart block, or heart rate <50 b.p.m.

3. If persisting signs of congestion, hypotension (SBP <90 mmHg), raised jugular venous pressure, ascites, marked peripheral oedema—try to relieve con-
gestion and achieve ‘euvolaemia’ before starting a beta-blocker.

4. Drug interactions to look out for (because of risk of bradycardia/AV block):

® Verapamil, diltiazem (are not recommended and should be discontinued)®.
e Digoxin.
® Amiodarone.
e lIvabradine.
WHICH BETA-BLOCKER AND WHAT DOSE?—see Guidelines, Table 8

Bisoprolol: starting dose 1.25 mg o.d,, target dose 10 mg o.d.

Carvedilol: starting dose 3.125 mg b.i.d,, target dose 25 mg b.i.d. (*target dose 50 mg b.i.d. if >85 kg).

Metoprolol succinate (CR/XL): starting dose 12.5—25 mg o.d., target dose 200 mg o.d.

Nebivolol: starting dose 1.25 mg o.d., target dose 10 mg o.d.

WHERE?

® [n the community in stable patients (NYHA class [V/patients with severe HF and those with a current/recent exacerbation should be referred for special-
ist advice).

o [n patients hospitalized with worsening HF—after stabilizing, relieving congestion, and, if possible, restoring ‘euvolaemia’ (but ideally before discharge).

e Other exceptions—see ‘Cautions/seek specialist advice’.

HOW TO USE?

Start with a low dose in a stable condition (see Guidelines, Table 8).

Double the dose at not less than 2-week intervals (slower uptitration may be needed in some patients).

Aim for the target dose (see above) or, failing that, the highest tolerated dose (remember: some beta-blocker is better than no beta-blocker).

Monitor heart rate, blood pressure, and clinical status (symptoms, signs—especially signs of congestion, body weight).

A specialist HF nurse may assist with education of the patient, follow-up (in person or by telephone), and dose uptitration.

When to stop uptitration, reduce dose, stop treatment—see PROBLEM SOLVING.

PROBLEM SOLVING

Worsening symptoms or signs (e.g. increasing dyspnoea, fatigue, oedema, weight gain):

e |[f increasing congestion, increase a dose of diuretic or halve a dose of beta-blocker (if increasing diuretic dose does not work).

o |f marked fatigue (or bradycardia—see below), halve a dose of beta-blocker (rarely necessary); review patient in 1—2 weeks; if not improved, seek spe-
cialist advice.

e |[f serious deterioration, halve the dose of beta-blocker or stop this treatment (rarely necessary); seek specialist advice.

Low heart rate:

e [f <50 b.p.m. and worsening symptoms, halve the dose of beta-blocker, or, if severe deterioration, stop beta-blocker (rarely necessary).

® Review need for other heart rate-slowing drugs (e.g. digoxin, ivabradine, amiodarone, diltiazem, or verapamil®).

e Arrange ECG to exclude heart block.

°

Seek specialist advice.

Continued
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Asymptomatic low blood pressure:

e Does not usually require any change in therapy.

Symptomatic hypotension:

o |[f dizziness, light-headedness, or confusion and a low blood pressure, reconsider need for nitrates, calcium-channel blockersb, and other vasodilators and
reduce/stop, if possible.

® If no signs or symptoms of congestion, consider reducing diuretic dose.

o [f these measures do not solve problem, seek specialist advice.

ADVICE TO PATIENT

e Explain expected benefits (see WHY?) and mention possibility of temporary adverse effects:
e Treatment is given to improve symptoms, to prevent worsening of HF leading to hospital admission, and to increase survival.
® Symptomatic improvement may develop slowly after starting treatment, sometimes taking 3—6 months or longer.
® Temporary symptomatic deterioration may occur during initiation or uptitration phase; in the long term beta-blockers improve well-being.
® Advise patient to report deterioration (see PROBLEM SOLVING) and that deterioration (tiredness, fatigue, breathlessness) can usually be easily managed
by an adjustment of other medication; patients should be advised not to stop beta-blocker therapy without consulting the physician.
e During initiation or uptitration phase to detect and to treat potential deterioration early, patients should be encouraged to weigh themselves daily (after
waking, before dressing, after voiding, before eating), and to increase their diuretic dose should their weight increase, persistently (>2 days) by >1.5—2.0
kg/day.

AV = atrio-ventricular; b.id. = twice daily; b.p.m. = beats per minute; COPD = chronic obstructive pulmonary disease; CR = controlled release; ECG = electrocardiogram; HF
= heart failure; HFrEF = heart failure with reduced ejection fraction; NYHA = New York Heart Association; o.d. = once daily; SBP = systolic blood pressure; XL = extended
release.

Note: Beta-blockers should not be stopped suddenly unless absolutely necessary (there is a risk of a ‘rebound’ increase in myocardial ischaemia or infarction and arrhythmias).
Ideally, specialist advice should be sought before treatment discontinuation.

*The recommendations in this table represent expert opinion based upon relevant clinical trials (drugs, titration schedules, target doses, patient monitoring, treatment benefits,
and reported adverse effects) and clinical experience.

PCalcium-channel blockers should be discontinued unless absolutely necessary, and diltiazem and verapamil are potentially harmful in HFrEF because of their negative inotropic
effect.

Supplementary Table 4 Practical guidance on the use of mineralocorticoid receptor antagonists in patients with heart
failure with reduced ejection fraction®

WHY?
To improve symptoms, reduce the risk of HF hospitalization, and increase survival.

IN WHOM AND WHEN?

Indications:

1. Patients with HFrEF.

Contraindications:

1. Known allergic reaction/other adverse reaction (drug-specific).

Cautions/seek specialist advice:

1. Significant hyperkalaemia (K >5.0 mmol/L)®.

2. Significant renal dysfunction [creatinine >221 pmol/L (>2.5 mg/dL) or eGFR <30 mL/min/1.73 m?]°.
3. Drug interactions to look out for:

e K™ supplements/K"-sparing diuretics (e.g. amiloride and triamterene; beware combination preparations with furosemide).

ACE-Is/ARBs/renin inhibitors®.

NSAIDs*.
Trimethoprim/trimethoprim-sulfamethoxazole.

‘Low-salt’ substitutes with a high K* content.

Strong CYP3A4 inhibitors, e.g. ketoconazole, itraconazole, nefazodone, telithromycin, clarithromycin, ritonavir, and nelfinavir (when eplerenone used).
WHICH MRA AND WHAT DOSE?—see Guidelines, Table 8

Eplerenone: starting dose 25 mg o.d., target dose 50 mg o.d.

Spironolactone: starting dose 25 mg o.d., target dose 50 mg o.d.

WHERE?

In the community or in the hospital.

Exceptions—see ‘Cautions/seek specialist advice’.

HOW TO USE?

e Check renal function and electrolytes (particularly K™).

Continued
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Start with a low dose (see above).
Consider dose up-titration after 4—8 weeks.

Check blood chemistry at 1 and 4 weeks after starting/increasing dose and at 8 and 12 weeks; 6, 9, and 12 months; 4-monthly thereafter.

If KT rises above 5.5 mmol/L or creatinine rises to 221 pmol/L (2.5 mg/dL)/eGFR <30 mL/min/1.73 m?, halve a dose and monitor blood chemistry closely.

If KT rises to >6.0 mmol/L or creatinine to >310 umol/L (3.5 mg/dL) eGFR <20 mL/min/1.73 m?, stop MRA immediately and seek specialist advice.
A specialist HF nurse may assist with education of the patient, follow-up (in person or by telephone), biochemical monitoring, and dose up-titration.

PROBLEM SOLVING
WRF/hyperkalaemia

See HOW TO USE?

The main concern is hyperkalaemia (>6.0 mmol/L); although this was uncommon in RALES and EMPHASIS-HF, it has been seen more commonly in clini-
cal practice.

e Conversely, a high-normal K* level may be desirable in patients with HF, especially if they are taking digoxin.
e ltis important to avoid other K'-retaining drugs (e.g. K "-sparing diuretics such as amiloride and triamterene) and nephrotoxic agents (e.g. NSAIDs?).
® The risk of hyperkalaemia and renal dysfunction when an MRA is given to patients already taking both an ACE-| and an ARB is higher than when an MRA

is added to just an ACE-| or an ARB given singly; this triple combination of an ACE-I, ARB, and MRA is NOT recommended (see recommendations
below).

e Some ‘low-salt’ substitutes have a high K* content.

® Male patients treated with spironolactone may uncommonly develop breast discomfort or gynaecomastia (switching to eplerenone should be

considered).

ADVICE TO PATIENT

Explain expected benefits (see WHY?)

e Treatment is given to improve symptoms, to prevent worsening of HF leading to hospital admission, and to increase survival.

® Symptomatic improvement occurs within a few weeks to a few months of starting treatment.

o Avoid NSAIDs? not prescribed by a physician (i.e. purchased over-the-counter) and salt substitutes high in K.

e [f diarrhoea/vomiting occurs, or there is infection with fever leading to intense sweating, patients should be made aware of the risk of dehydration
and electrolyte imbalance, and they should contact the physician/nurse.

ACE-| = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker; CYP3A4 = cytochrome P450 3A4; eGFR = estimated glomerular filtration rate;
EMPHASIS-HF = Eplerenone in Mild Patients Hospitalization and Survlval Study in Heart Failure (trial); HF = heart failure; HFrEF = heart failure with reduced ejection fraction;
K™ = potassium; MRA = mineralocorticoid receptor antagonist; NSAID = non-steroidal anti-inflammatory drug; o.d. = once daily; RALES = Randomized Aldactone Evaluation
Study; WRF = worsening renal function.

*The recommendations in this table represent expert opinion based upon relevant clinical trials (drugs, titration schedules, target doses, patient monitoring, treatment benefits,
and reported adverse effects) and clinical experience.

Blt is extremely important to adhere to these cautions and doses to avoid serious hyperkalaemia.

“Renin inhibitors are not recommended in HF.

9dAvoid NSAIDs unless essential.

Supplementary Table 5 Practical guidance on the use of sacubitril/valsartan (angiotensin receptor-neprilysin inhibitor)

in patients with heart failure with reduced ejection fraction®

WHY?

To improve symptoms, reduce the risk of HF hospitalization, and increase survival.

IN WHOM AND WHEN?

Indications:

1. Patients with HFrEF as a replacement for ACE-I/ARB.

2. It may be considered in patients with HFrEF in those who are ACE-I/ARB naive (de novo use).
Contraindications:

. History of angioedema.”

. Known bilateral renal artery stenosis.

. Pregnancy/risk of pregnancy and breastfeeding period.
. Known allergic reaction/other adverse reaction (drug-specific).
. eGFR <30 mL/min/1.73 m”.
. Symptoms of hypotension or a SBP <90 mmHg (PARADIGM-HF enrolled patients with SBP >95 mmHg at randomization)

o U1 AW N

Continued

©ESC 2021



14 ESC Guidelines

Cautions/seek specialist advice:
1. A washout period of at least 36 h after ACE-| therapy is required in order to minimize the risk of angioedema.
2. Significant hyperkalaemia (K* >5.0 mmol/L).
3. Drug interactions to look out for:
e K supplements/K*-sparing diuretics, e.g. amiloride and triamterene (beware combination preparations with furosemide).
MRAs.
Renin inhibitors®.
NSAIDs.
Trimethoprim/trimethoprim-sulfamethoxazole.

® ‘Low-salt’ substitutes with a high K™ content.
WHAT DOSE?—see also Guidelines, Table 8
Sac/Val: starting dose 49/51 mg b.i.d*, target dose 97/103 mg b.id.
*24/26 mg b.i.d. in selected patients
WHERE?
® |n the community in stable patients (NYHA class |V/patients with severe HF and those with a current/recent exacerbation should be referred for
specialist advice).
® |n patients hospitalized with worsening HF—after stabilizing, relieving congestion, and if possible, restoring ‘euvolaemia’ (but ideally before discharge).
e Other exceptions—see ‘Cautions/seek specialist advice’.
HOW TO USE?
e Check renal function and electrolytes.
e Start with a low dose (see Guidelines, Table 8).
® In some patients, one may consider a reduced starting dose (24/26 mg b.i.d.), namely in those with SBP 100—110 mmHg, ACE-I/ARB naive patients,
eGFR 30—60 mL/min/1.73 m”.
Double the dose at not less than 2-week intervals in the community, monitoring tolerability.
Aim for the target dose (see above) or, failing that, the highest tolerated dose.
Re-check blood chemistry (urea/BUN, creatinine, K) 1—2 weeks after initiation and 1—2 weeks after final dose titration.
Consider reducing diuretic where appropriate
Monitor blood chemistry 4-monthly thereafter.
When to stop uptitration, reduce dose, stop treatment—see PROBLEM SOLVING.
It is very rarely necessary to stop an ARNI, and clinical deterioration is likely if treatment is withdrawn. Ideally, specialist advice should be sought before

treatment discontinuation.
® A specialist HF nurse may assist with education of the patient, follow-up (in person or by telephone), biochemical monitoring, and dose uptitration.
PROBLEM SOLVING
Asymptomatic low blood pressure:
e Does not usually require any change in therapy.
Symptomatic hypotension:

e Dizziness/light-headedness is common and often improves with time—patients should be reassured.

e Reconsider need for any other vasodilators and reduce dose/stop, if possible.

® [f no signs or symptoms of congestion, consider reducing diuretic dose.

® |[f these measures do not solve problem, seek specialist advice.

Cough:

e Cough is common in patients with HF, many of whom have smoking-related lung disease.

e Cough is also a symptom of pulmonary oedema, which should be excluded when a new worsening cough develops.

® When a troublesome cough does develop (e.g. one stopping the patient from sleeping) and can be proved to be due to ARNI and ACE-| (i.e. recurs
after the drugs withdrawal and re-challenge), substitution of an ARB is recommended.

WREF and hyperkalaemia:

e Some rise in urea (BUN), creatinine, and K™ is to be expected after an ARNI; if an increase is small and asymptomatic, no action is necessary.

® A reduction in eGFR up to <30 mL/min/1.73 m? is acceptable.

® Anincrease in K™ up to <5.5 mmol/L is acceptable.

e Ifurea, creatinine, or K does rise excessively, consider stopping concomitant nephrotoxic drugs (e.g. NSAIDs®) and other K supplements or retain-
ing agents (triamterene, amiloride) and, if no signs of congestion, reducing the dose of diuretic. This is particularly true in those patients on an SGLT2
inhibitor.

o If greater rises in creatinine or K than those outlined above persist despite adjustment of concomitant medications, the dose of the ARNI should be
halved and blood chemistry re-checked within 1—2 weeks; if there is still an unsatisfactory response, specialist advice should be sought.

o IfK" rises to >5.5 mmol/L or eGFR lowers to <30 mL/min/1.73 m? the ARNI should be stopped and specialist advice sought.

® Blood chemistry should be monitored frequently and serially until K™ and creatinine have plateaued.

Continued
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ADVICE TO PATIENT
® Explain expected benefits:
Improved symptoms.
Prevention of worsening of HF leading to hospital admission.
Increased survival (reduction in both CV and all-cause mortality).
Symptoms improve within a few weeks to a few months after starting treatment.
Advise patients to report principal adverse effects (i.e. dizziness/symptomatic hypotension, cough)—see PROBLEM SOLVING.

Adbvise patients to avoid NSAIDs? not prescribed by a physician (i.e. purchased over-the-counter) and salt substitutes high in K*—see PROBLEM
SOLVING.

ACE-| = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker; ARNI = angiotensin-receptor neprilysin inhibitor; b.id. = twice daily; BUN = blood urea
nitrogen; CV = cardiovascular; eGFR = estimated glomerular filtration rate; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; Kt = potassium; MRA =
mineralocorticoid receptor antagonist; NSAID = non-steroidal anti-inflammatory drug; NYHA = New York Heart Association; PARADIGM-HF = Prospective Comparison of
ARNI with ACE-l to Determine Impact on Global Mortality and Morbidity in Heart Failure (trial); Sac/Val = sacubitril/valsartan; SBP = systolic blood pressure; SGLT2 =
sodium-glucose co-transporter 2; WRF = worsening renal function.

“The recommendations in this table represent expert opinion based upon relevant clinical trials (drugs, titration schedules, target doses, patient monitoring, treatment benefits,
and reported adverse effects) and clinical experience.

®The safety of an ARB/ARNI in patients developing angioedema with an ACE-I is uncertain.

“Renin inhibitors are not recommended in HF.

9Avoid NSAIDs unless essential.

Supplementary Table 6 Practical guidance on the use of the sodium-glucose co-transporter 2 inhibitors dapagliflozin
and empagliflozin in patients with heart failure with reduced ejection fraction®

WHY?
To improve QOL, reduce the risk of HF hospitalization, and increase survival.

IN WHOM AND WHEN?

Indications:

1. Patients with HFrEF (regardless of concomitant diabetes mellitus).

Contraindications:

1. Known allergic reaction/other adverse reaction (drug-specific).

2. Pregnancy/risk of pregnancy and breastfeeding period.

3. eGFR <20 mL/min/1.73 m>*

4. Symptoms of hypotension or a SBP <95 mmHg.

*DAPA-CKD (dapagliflozin) enrolled patients with an eGFR >25 mL/min/1.73 m?

Cautions/seek specialist advice:

1. Type 1 diabetes mellitus is not an absolute contraindication, but an individual risk of ketoacidosis should be taken into account when starting this

therapy.

2. Glycosuria (as the consequence of dapagliflozin action) may predispose to fungal genito-urinary infections.

3. Drug interactions to look out for: Insulin, sulfonylurea derivates and other antidiabetic drugs predisposing to hypoglycaemia.
4. Thiazides and loop diuretics predisposing to excessive diuresis, dehydration, symptomatic hypotension, and prerenal renal failure.
WHAT DOSE?—see Guidelines, Table 8

Dapagliflozin: starting (and target) dose 10 mg o.d.

Empagliflozin: starting (and target) dose 10 mg o.d.

WHERE?

In the community or in the hospital.

HOW TO USE?

® Check renal function when starting the therapy and monitor regularly. eGFR is known to dip slightly after initiation but the SGLT?2 inhibitors appear to be

reno-protective.

e Monitor glycaemia regularly, particularly when a patient is diabetic. Consider modification of other diabetic drugs.

® |dentify the risk factors predisposing to ketoacidosis and eliminate them if possible.

e Monitor fluid balance regularly, particularly when a patient is taking diuretics, is old and/or frail. Consider an adjustment of diuretic therapy and fluid
intake.

® A specialist HF nurse may assist with education of the patient, follow-up (in person or by telephone), and biochemical monitoring.

PROBLEM SOLVING

Genito-urinary infections

e Patients should be monitored in the context of symptoms and signs of genito-urinary fungal infections.

Continued
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Hypoglycaemia

e Other diabetic drugs (particularly, insulin and/or sulfonylurea derivates) may predispose to hypoglycaemia; in this case, the diabetic treatment strategy

needs to be modified.
Dehydration, hypotension, and prerenal renal failure

® SGLT?2 inhibitors may intensify the diuresis, particularly when accompanied by Sac/Val and diuretic therapy.

e Fluid balance needs to be monitored. Diuretic doses along with fluid intake should be balanced in order to avoid dehydration, symptomatic hypotension,

and prerenal renal failure.
e Elderly and frail patients are at particular risk of developing these complications.
ADVICE TO PATIENT
® Explain expected benefits (see WHY?)

e Treatment is given to improve QOL, to prevent worsening of HF leading to hospital admission, and to increase survival (to reduce the risk of CV

and all-cause deaths).
® Improvement in QOL occurs within a few weeks to a few months of starting treatment.

e Due to action of SGLT2 inhibitors, glycosuria is an expected finding on urinalysis.

e Patients should be made aware of the risk of dehydration, hypotension, hypoglycaemia, ketoacidosis, and fungal genito-urinary infections, and in these

cases they should contact the physician/nurse.

CV = cardiovascular; DAPA-CKD = Dapagliflozin and Prevention of Adverse outcomes in Chronic Kidney Disease (trial); eGFR = estimated glomerular filtration rate;
HF = heart failure; HFrEF = heart failure with reduced ejection fraction; o.d. = once daily; QOL = quality of life; Sac/Val = sacubitril/valsartan; SBP = systolic blood pressure;

SGLT2 = sodium-glucose co-transporter 2.

“The recommendations in this table represent expert opinion based upon relevant clinical trials (drugs, titration schedules, target doses, patient monitoring, treatment benefits

and reported adverse effects) and clinical experience.

Supplementary Table 7 Practical guidance on the use of diuretics in patients with heart failure

WHY?

To relieve breathlessness and oedema in patients with symptoms and signs of congestion.
IN WHOM AND WHEN?

Indications:

1. Potentially all patients with symptoms and signs of congestion, irrespective of LVEF.

2. When used, should always be used in a combination with an ACE-| (or an ARB), a beta-blocker, and an MRA in patients with HFrEF (unless any of these

drugs is not tolerated/contraindicated), until signs of congestion have been relieved.

3. Thiazide diuretics can be used in patients with preserved renal function and mild symptoms of congestion. However, the majority of patients require

loop diuretics (or combined with a thiazide diuretic and an MRA) due to the severity of HF symptoms and steadily deteriorating kidney function.

Contraindications:

1. Not indicated if the patient has never had symptoms or signs of congestion.
2. Known allergic reaction/other adverse reaction (drug-specific).
Cautions/seek specialist advice:

1. Significant hypokalaemia (K™ <3.5 mmol/L)—may be made worse by diuretic.

2. Significant renal dysfunction [creatinine >221 pmol/L (>2.5 mg/dL) or eGFR <30 mL/min/1.73 m*}—may be made worse by diuretic or patient may not

respond to diuretic (especially thiazide diuretic).

w

. Symptomatic or severe asymptomatic hypotension (SBP <90 mmHg)—may be made worse by diuretic-induced hypovolaemia.
4. Drug interactions to look out for:

e Combination with an ACE-l, an ARB, or a renin inhibitor*—risk of hypotension (usually not a problem).

o Combination with other diuretics (e.g. loop plus thiazide)—risk of hypovolaemia, hypotension, hypokalaemia, and renal impairment®.

e NSAIDs“—may attenuate effect of diuretic.
WHICH DIURETIC AND WHAT DAILY DOSE?
Loop diuretics:

Furosemide: starting dose 20—40 mg, usual dose 40—240 mg.

Bumetanide: starting dose 0.5—1 mg, usual dose 1—5 mg.

Torasemide: starting dose 5—10 mg, usual dose 10—20 mg.
Thiazides/thiazide-like diuretics:
Bendroflumethiazide: starting dose 2.5 mg, usual dose 2.5—10 mg.
Hydrochlorothiazide: starting dose 25 mg, usual dose 12.5—100 mg.

Metolazone: starting dose 2.5 mg, usual dose 2.5—10 mg. Can be weekly, daily, or prn.

Continued
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Non-thiazide sulfonamide:
Indapamide: starting dose 2.5 mg, usual dose 2.5—5 mg.

WHERE?

In the community for most patients.

HOW TO USE?

® Check renal function and electrolytes, particularly in those on a combination of loop and thiazide diuretics.

e Start with a low dose but target an effective dose for a patient to achieve positive diuresis with a simultaneous reduction of body weight by 0.75—1.0 kg
per day.

e Adjust a dose according to symptoms and/or signs of congestion, blood pressure, and renal function. Use a minimum dose necessary to maintain
euvolaemia—the patient’s ‘dry weight’ (i.e. to keep the patient free of symptoms and signs of congestion).

® Dose may need to be increased or decreased according to the patient’s volume status (remember that excessive diuresis is more dangerous than oedema

itself).

Re-check blood chemistry 1—2 weeks after an initiation and after any increase in dose (urea/BUN, creatinine, K™).

When to stop uptitration, reduce dose, stop treatment—see PROBLEM SOLVING.

Patients can be educated to alter their own diuretic dose, according to need (based on symptoms, signs, and weight changes).

A specialist HF nurse may assist with education of the patient, follow-up (in person or by telephone), biochemical monitoring, and dose adjustment
(including patient educated in dose adjustment).
PROBLEM SOLVING
Asymptomatic low blood pressure:
® Dose may be reduced if no symptoms or signs of congestion.
Symptomatic hypotension:
e Causing dizziness/light-headedness—reduce dose if no symptoms or signs of congestion.
® Reconsider need for nitrates, calcium-channel blockers® and other vasodilators.
o [f these measures do not solve problem, seek specialist advice.
Hypokalaemia/hypomagnesaemia:
® Increase an ACE-I/ARB dose.
e Addan MRA, K* supplements; magnesium supplements.
Hyponatraemia (<135 mmol/L):
® Volume depleted:
® Stop thiazide or switch to loop diuretic, if possible.
e Reduce dose/stop loop diuretics if possible.
e Volume overloaded:
® Fluid restriction.
e Consider increasing dose of loop diuretic.
e Consider AVP antagonist (e.g. tolvaptan if available).
® i.v.inotropic support.
o Consider ultrafiltration.
Hyperuricaemial/gout:
e Consider allopurinol prophylaxis (not initiated during acute exacerbation).
e For symptomatic gout use colchicine for pain relief.
e Avoid NSAIDs.
Hypovolaemia/dehydration:
® Assess volume status; consider a diuretic dosage reduction.
Insufficient diuretic response/diuretic resistance:
Check adherence and fluid/salt intake.
Increase a dose of diuretic.
Consider switching from furosemide to bumetanide or torasemide.
Add an MRA/increase dose of an MRA.
Combine loop diuretic and thiazide/metolazone®.
Administer loop diuretic twice (or more times) daily or on empty stomach.
Consider short-term i.v. infusion of loop diuretic.

Consider ultrafiltration.

Renal impairment (rising creatinine/BUN —urea):

® Check for hypovolaemia/dehydration.

e Exclude use of other nephrotoxic agents, e.g. NSAIDs, trimethoprim.

Continued
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o Withhold an MRA.
e |[f using concomitant loop and thiazide diuretic, stop thiazide diuretic.
e Consider reducing a dose of ACE-I/ARB.
e Consider haemofiltration/dialysis.
ADVICE TO PATIENT
® Explain expected benefits:
® Relieves breathlessness and oedema.
® Symptoms improve quickly—usually within days of starting treatment.
e Advise patients to report principal adverse effects [e.g. thirst (avoid excessive consumption of hypotonic fluids, which can cause hyponatraemia) and dizzi-
ness/symptomatic hypotension]—see PROBLEM SOLVING.
e Aduvise patients to avoid NSAIDs® not prescribed by a physician (i.e. purchased over-the-counter)—may cause diuretic resistance and renal impairment.
e Patient may be educated to adjust dose based on symptoms, signs, and changes in weight (if weighing regularly).
® Dose may need to be decreased if there is fluid loss (e.g. due to diarrhoea/vomiting, excessive sweating).

ACE-| = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker; AVP = arginine vasopressin; BUN = blood urea nitrogen; LVEF = left ventricular ejection
fraction; eGFR = estimated glomerular filtration rate; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; i.v. = intravenous; Kt = potassium; MRA = miner-
alocorticoid receptor antagonist; NSAID = non-steroidal anti-inflammatory drug; prn = as needed; SBP = systolic blood pressure.

Renin inhibitors are not recommended in HF.

bUsually only needed for a short period—careful monitoring of blood chemistry is essential.

“Avoid NSAIDs unless essential.

dCalcium-channel blockers should be discontinued in patients with HFrEF unless absolutely necessary, and diltiazem and verapamil are potentially harmful in patients with
HFrEF because of their negative inotropic action.

Supplementary Table 8 Practical guidance on the use of ivabradine in patients with heart failure with reduced ejection
fraction®

WHY?

To reduce the risk of HF hospitalization and CV death.

IN WHOM AND WHEN?

Indications:

1. Patients with stable symptomatic HF (NYHA class [|-IV) and an EF <35% SR and resting heart rate >70 b.p.m. despite guideline-recommended treat-

ment (in particular, an evidence-based dose of beta-blocker).

Contraindications:

1. Unstable CV conditions (ACS, stroke/TIA, severe hypotension).

2. AF.

3. Severe liver dysfunction or renal dysfunction (no evidence on safety or pharmacokinetics for creatinine clearance <15 mL/min).

4. Pregnancy or breastfeeding.

5. Known allergic reaction/other adverse reaction (drug-specific).

Cautions/seek specialist advice:

1. Severe (NYHA class V) HF.

2. Current or recent (<4 weeks) exacerbation of HF (e.g. hospital admission with worsening HF).

3. Resting heart rate <50 b.p.m. during treatment.

4. Moderate liver dysfunction.

5. Chronic retinal diseases, including retinitis pigmentosa.

6. Drug interactions:

e To look out for (due to a potential risk of bradycardia and an induction of long QT as a result of bradycardia):
® Verapamil, diltiazem (both should be discontinued/not used in HFrEF).
e Digoxin.
® Amiodarone.
® To look out for drugs being strong inhibitors of isoenzyme CYP3A4:

e Antifungal azoles (such as ketoconazole, itraconazole).
® Macrolide antibiotics (such as clarithromycin, erythromycin).

e HIV protease inhibitors (nelfinavir, ritonavir).

°

Nefazodone.

Continued
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WHAT DOSE?—see Guidelines, Table 8

Ivabradine: starting dose 5 mg b.i.d,, target dose 7.5 mg b.i.d.

WHERE?

® In the community in stable patients in NYHA class Il

e Patients in NYHA class IV or those with a recent HF exacerbation should be referred for specialist advice.

e Other exceptions—see ‘Cautions/seek specialist advice’.

HOW TO USE?

e Start with a low dose (5 mg b.i.d)) (see Guidelines, Table 8). In patients over 75 years old, a lower starting dose of 2.5 mg b.i.d. can be used.

e Daily dose may be increased to 7.5 mg b.i.d., decreased to 2.5 mg b.i.d. or stopped depending on the patient’s resting heart rate. Double the dose not
more frequently than at 2-week intervals (slower uptitration may be needed in some patients). Aim for the target dose (see above) or, failing that, the
highest tolerated dose based on resting heart rate. If the resting heart rate is between 50 and 60 b.p.m., the current dose should be maintained.

® Monitor heart rate, blood pressure, and clinical status.

® When to stop uptitration, reduce dose, stop treatment—see PROBLEM SOLVING.

® A specialist HF nurse may assist with education of the patient, monitoring resting heart rate, follow-up (in person or by telephone), and dose uptitration.

PROBLEM SOLVING

® Treatment must be reduced or stopped if resting heart rate decreases persistently below 50 b.p.m. or if symptoms of bradycardia occur:

® Review need for other heart rate-slowing drugs or drugs interfering with ivabradine liver metabolism.
® Arrange ECG to exclude other than sinus bradycardia rhythm disturbances.
e Consider screening for secondary causes of bradyarrhythmias (e.g. thyroid dysfunction).

e |[fa patient develops persistent/continuous AF during therapy with ivabradine, the drug should be stopped.

e Visual phenomena are usually transient and disappear during the first few months of ivabradine treatment and are not associated with serious retinal dys-
function. However, if they result in patient’s discomfort, discontinuation of ivabradine should be considered.

@ [n case of lactose or galactose intolerance (component of the ivabradine tablet), if symptoms occur, there may be a need to stop the drug.

ADVICE TO PATIENT

e Explain expected benefits (see WHY?):

e Treatment is given to prevent worsening of HF leading to hospital admission and to reduce the risk of CV death.
® [n order to detect a potential bradycardia, patients should be encouraged to measure and record his/her pulse on a regular basis.
® Advise patient to report side effects to the physician or HF nurse. Side effects due to symptomatic bradycardia: breathlessness, fatigue, syncope, dizziness;

other side effects: luminous visual phenomena.

©ESC 2021

ACS = acute coronary syndrome; AF = atrial fibrillation; b.i.d. = twice daily; b.p.m. = beats per minute; CV = cardiovascular; CYP3A4 = cytochrome P450 3A4; ECG = electro-
cardiogram; EF = ejection fraction; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; HIV = human immunodeficiency virus; NYHA = New York Heart
Association; QT = QT interval; SR = sinus rhythm; TIA = transient ischaemic attack.

“The recommendations in this table represent expert opinion based upon relevant clinical trials (drugs, titration schedules, target doses, patient monitoring, treatment benefits,
and reported adverse effects) and clinical experience.

Supplementary Table 9 Interventions aiming to improve quality of life and/or exercise capacity in symptomatic patients
with heart failure with reduced ejection fraction

Intervention Additional criteria beyond the
presence of symptomatic
HFrEF (if any)

17,18

DRUGS Sacubitril/valsartan

Dapagliflozin’ ?

DEVICES AND INVASIVE PROCEDURES

Diuretics?’

Ferric carboxymaltose v

Ivabradine®*~2¢

Trimetazidine®’ ~%°

C R—|—30,3 1

Pulmonary vein isolation®2~3*

Percutaneous correction of severe

functional mitral regurgitation®> %

Cardiac contractility modulation®® '

Baroreflex activation ther‘apy"z’44

Phrenic nerve stimulation® ~*/

Fluid overload
Iron deficiency
SR >70 b.p.m.

Eligibility for CRT

AF

Severe functional mitral
regurgitation

QRS <130 ms, LVEF 25—45%

Central sleep apnoea

Continued
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Supplementary Table 9 Continued

DEVICES AND INVASIVE PROCEDURES (continued)

OTHER INTERVENTIONS

Intervention

MCS48,49

Heart transplantation

Exercise train

ing

50—52

53-56

Multidisciplinary care management

7
programme’

Palliative care

58

59,60

Additional criteria beyond the
presence of symptomatic

HFrEF (if any)
Advanced HF

Advanced HF

Advanced HF

AF = atrial fibrillation; b.p.m. = beats per minute; CRT = cardiac resynchronization therapy; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; i.v. = intra-
venous; LVEF = left ventricular ejection fraction; MCS = mechanical circulatory support; QRS = Q, R, and S waves on ECG; SR = sinus rhythm.

6 Cardiac rhythm management for heart failure with reduced ejection

fraction

No supplementary data for this section.

7 Heart failure with mildly reduced ejection fraction

Supplementary Table 10 Heart failure with mildly reduced ejection fraction — demographics, aetiological factors, and

comorbidities in registries and trials

Clinical GWTG -HF*'
characteristics n = 5626
Age, years 81
Females, % 50

BMI, kg/m? 27
Hypertension, % 78
Diabetes, % 42

CAD, % 57

AF, % 40
Hyperlipidaemia, % 48

OPTIMIZE-HF%2
n=7321

74
52
74
44
33
35

SwedeHF®?
n=9019

74
39
27
64
27
53
58

ESC -HF-LT**
n=2212

64
32
29
60
31
42
22

TIME -CHF*®
n =108
79
46

82
80
40
48

CHART-2%¢
n=>596
69
28
23
90
80
44
80

AF = atrial fibrillation; BMI = body mass index; CAD = coronary artery disease; CHART-2 = Congestive Heart Failure Cardiopoietic Regenerative Therapy (trial); ESC-HF-LT =
European Society of Cardiology Heart Failure Long-Term (registry); GWTG-HF = Get With the Guidelines — Heart Failure (registry); n = number of patients; OPTIMIZE-HF
= Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (registry); SwedeHF = Swedish Heart Failure Registry; TIME-CHF = Trial of
Intensified versus standard Medical therapy in Elderly patients with Congestive Heart Failure.

©ESC 2021

©ESC 2021



ESC Guidelines 21

Supplementary Table 11 Data from clinical trials for heart failure with mildly reduced ejection fraction

Clinical LVEF Symptoms  Hospitalization CV deathor HF  CV mortality All-cause Comment
characteristics for HF* hospitalization® mortality
Diuretics No relevant trials
ACE-| (Improved) 0.38 (0.19-0.75)° PEP-CHF®
Candesartan (Improved) 0.72 (0.55-0.95)° 0.76 (0.61—0.96) 0.81 (0.60—1.11)  0.79 (0.60—1.04) CHARM-Preserved"
Irbesartan 0.98 (0.85—1.12) |-PRESERVE®
ARNI (Sac/Val) Improved NYR 0.78 (0.64—-0.95) NYR NYR PARAGON-HF®
(compared to
valsartan)
MRA 0.76 (0.46—1.27) 0.72 (0.50—1.05) 0.69 (043—1.12)  0.73 (0.49—1.10) TOPCAT®
Beta-blocker (SR) Improved 0.95 (0.68—1.32) 0.83 (0.60—1.13) 0.48 (0.24—-0.97) 0.59 (0.34—1.03) IPD Meta-analysis
Beta-blocker (AF) Improved 1.15 (0.57-2.32) 1.06 (0.58—1.94) 0.86 (0.36—2.03)  1.30 (0.63—2.67) IPD Meta-analysis

Digoxin 080 (0.63—103) 096 (079—1.17)  124(094—164) 108 (0.85—1.37) DIG*’

ACE-| = angiotensin-converting enzyme inhibitor; AF = atrial fibrillation; ARB = angiotensin-receptor blocker; ARNI = angiotensin receptor-neprilysin inhibitor; CHARM-
Preserved = Candesartan Cilexetil in Heart Failure — Assessment of Reduction in Mortality and Morbidity (trial); Cl = confidence interval; CV = cardiovascular; DIG = Digitalis
Investigation Group; HF = heart failure; HFmrEF = heart failure with mildly reduced ejection fraction; IPD = individual patient data; I-PRESERVE = Irbesartan in Patients with
Heart Failure and PRESERVEJ Ejection Fraction (trial); LVEF = left ventricular ejection fraction; MRA = mineralocorticoid receptor antagonist; NP = natriuretic peptide; NYR =
not yet reported; PARAGON-HF = Prospective Comparison of ARNI with ARB Global Outcomes in HF with Preserved Ejection Fraction (trial); PEP-CHF = Perindopril in
Elderly People with Chronic Heart Failure (trial); Sac/Val = sacubitril/valsartan; SR = sinus rhythm; TOPCAT = Treatment of Preserved Cardiac Function Heart Failure with an
Aldosterone Antagonist (trial).

“Time to first event analyses.

PPatients with prior history of myocardial infarction—outcome was all-cause mortality or hospitalization for HF.

“These trials were overall neutral for their primary outcome; in TOPCAT, for the randomization stratum of patients enrolled on the basis of NP criteria (n = 981), hazard ratio
for treatment effect on primary outcomes was 0.65 (95% Cl, 0.49—-0.87), P = 0.003) (Supplementary Table 12).

9For recurrent hospitalizations, incidence rate ratio: 0.48 (0.33—0.70).

Notes: (Improved) = improved in patients with LVEF >40% but not specifically shown for HFmrEF.

Significant effects within the subgroup of patients with HFmrEF are shown in bold.

8 Heart failure with preserved ejection fraction

Supplementary Table 12 Phase Il and Ill clinical trials performed in patients with heart failure with preserved ejection
fraction

©ESC 2021

Trial Intervention Major inclusion criteria Mean Primary endpoints Drug effect on
follow-up symptoms
PEP-CHF®® Perindopril vs. placebo LV wall motion index >14 2.1y No difference in combined  Perindopril — improvement
(corresponding to LVEF all-cause mortality or CV in functional class and
>40%), symptomatic HF hospitalization (36% vs. 6MWT
treated with diuretic, dia- 37%, P = 0.35)
stolic dysfunction in echo-
cardiography, age >70 y
|-PRESERVE®’ Irbesartan vs. placebo LVEF >45%, NYHA Il—-IV 4.1y No difference in combined  Irbesartan — no improve-
with corroborative evi- all-cause mortality or HF ment in MLHFQ
dence, or NYHA Il with HF hospitalization (24% vs.
hospitalization in recent 25%, P = 0.54)
6 months, age >60 y
CHARM- Candesartan vs. placebo  LVEF >40%, NYHA II-IV, 30y Trend towards a reduction  Candesartan — not
Preserved”® history of cardiac in combined CV mortality reported

hospitalization

or HF hospitalization by
11% (22% vs. 24%, unad-
justed P = 0.12, adjusted
P =10.051)

Continued
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Supplementary Table 12 Continued

Trial Intervention

Aldo-DHF”" Spironolactone vs.
placebo

TOPCAT”? Spironolactone vs.
placebo

DIG-PEF”? Digoxin vs. placebo

PARAMOUNT’* Sac/Val vs. valsartan

RELAX® Sildenafil vs. placebo

PARAGON-HF’® Sac/Val vs. valsartan

Major inclusion criteria

LVEF >50%, NYHA [l
peak VO, <25 mL/min/kg,
diastolic dysfunction on
echocardiography or AF,
age >50y

LVEF>45%, >1 HF sign, >1
HF symptom, HF hospital-
ization within recent

12 months, or BNP

>100 pg/mL or NT-proBNP
>360 pg/mL, age >50 y
HF with LVEF >45%, SR

HF with LVEF >45%,
NYHA [I—I1ll, NT-proBNP
>400 pg/mL

HF with LVEF >45%,
NYHA 11V, peak VO,
<60% of reference values,
NT-proBNP >400 pg/mL or
high LV filling pressures

HF with LVEF >45%,
NYHA [1—1V, left atrial
enlargement OR LVH AND
elevated BNP >300 pg/mL
or NT-proBNP >900 pg/mL
OR HF hospitalization in the
last 9 months

Mean
follow-up

10y

33y

31y

12 weeks

24 weeks

35 months median

Primary endpoints

Reduction in E/e’ by -1.5

(P<0.001)

No change in peak VO,
(P=10.81)

No difference in combined
CV death, aborted cardiac
arrest, or HF hospitalization
(19% vs. 20%, P = 0.14)

No difference in combined
HF mortality or HF hospital-
ization (21% vs. 24%,
P=10.14)

Reduction in NT proBNP:
ratio of change Sac/Val 0.77,
95% Cl, 0.64—0.92

(P =10.005)

No change in peak VO,
(P=10.90)

Trend towards a reduction
in total HF hospitalizations
or CV death by 13%, 95%
Cl, 0.75—1.01, P=0.056)

Drug effect on
symptoms
Spironolactone — no
improvement in symptoms
or QOL

Spironolactone — not
reported

Digoxin — not reported

Sac/Val — improvement in
QOL-KCCQ

Sildanefil — no

improvement

Sac/Val — no improvement
in QOL-KCCQ

6MWT = 6-minute walk test; AF = atrial fibrillation; Aldo-DHF = Aldosterone Receptor Blockade in Diastolic Heart Failure (trial); ARB = angiotensin-receptor blocker; ARNI
= angiotensin receptor-neprilysin inhibitor; BNP = B-type natriuretic peptide; CHARM-Preserved = Candesartan Cilexetil in Heart Failure — Assessment of Reduction in
Mortality and Morbidity (trial); Cl = confidence interval; CV = cardiovascular; DIG = Digitalis Investigation Group; DIG-PEF = Ancillary DIG trial (effects of digoxin on morbidity
and mortality in diastolic heart failure); E/e’ ratio = early filling velocity on transmitral Doppler/early relaxation velocity on tissue Doppler; HF = heart failure, I-PRESERVE =
Irbesartan in Patients with Heart Failure and PRESERVEd Ejection Fraction (trial); KCCQ = Kansas City Cardiomyopathy Questionnaire; LV = left ventricular; LVEF = left ven-
tricular ejection fraction; LVH = left ventricular hypertrophy; MLHFQ = Minnesota Living with Heart Failure Questionnaire; NT-proBNP = N-terminal pro-B-type natriuretic
peptide; NYHA = New York Heart Association; PARAGON-HF = Prospective Comparison of ARNI with ARB Global Outcomes in HF with preserved Ejection Fraction (trial);
PARAMOUNT = LCZ696 Compared to Valsartan in Patients with Chronic Heart Failure and Preserved Left-ventricular Ejection Fraction (trial); Peak VO, = peak exercise oxy-
gen consumption; PEP-CHF = Perindopril in Elderly People with Chronic Heart Failure (trial); QOL = quality of life; RELAX = Phosphodiesterase-5 Inhibition to Improve
Clinical Status and Exercise Capacity in Diastolic Heart Failure (trial); Sac/Val = sacubitril/valsartan; SR = sinus rhythm; TOPCAT = Treatment of Preserved Cardiac Function
Heart Failure with an Aldosterone Antagonist; vs. = versus; y = year.
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9 Multidisciplinary team management for the prevention and treatment
of chronic heart failure

-

At risk for
heart failure

Patients at risk for HF
but without current
or prior symptoms or
signs of HF and
without structural
biomarker or genetic
markers of heart
disease

Patients with HTN,
CVD, DM, obesity,
known exposure to
cardiotoxins,
family history of
cardiomyopathy

STAGE A )

Pre-heart failure

STAGE B

Patients without
current or prior
symptoms or signs of
HF but evidence of
one of the following

Structural heart disease,
e.g.:LVH, chamber
enlargement, wall motion
abnormality, myocardial

Abnormal cardiac function,
e.g.:reduced LV or RV
systolic function, evidence

of increased filling pressures

Elevated natriuretic
peptide levels or elevated
cardiac troponin levels in

- STAGE C

Advanced
heart failure

- STAGE D

Severe symptoms
and/or signs of HF at
rest, recurrent
hospitalization, despite
GDMT, refractory or
intolerant to GDMT

Heart failure

Patients with current
or prior symptoms
and/or signs of HF

caused by

Structural and/or
functional cardiac

Requiring advanced
therapies such as
consideration for

transplant, mechanical
circulatory support,
or palliative care

Heart Persistent
failure in heart
remission failure

~ Y N

with GDMT and risk factor modification

@ESC—

Supplementary Figure | Stages in the development and progression of heart failure.””

CVD = cardiovascular disease; DM = diabetes mellitus; GDMT = guideline-directed medical therapy; HF = heart failure; HTN = hypertension; LV = left
ventricular; LVH = left ventricular hypertrophy; RV = right ventricular.
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10 Advanced heart failure

Supplementary Table I3 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

o >1 HF hospitalization in last year e eGFR <45 mL/min e LVEF <30% o MAGGIC predicted survival

o NYHA class llI-IV e SCr>160 pmol/L ® Large area of akinesis/dyskine- <80% at 1 year

e Intolerant of optimal dose of e K™ >52 or <3.5 mmol/L sis or aneurysm SHFM predicted survival
any GDMT HF drug e Hyponatraemia ® Moderate®-severe mitral <80% at 1 year

® Increasing diuretic requirement e Hb<120g/L regurgitation MECKI predicted survival

e SBP <90 mmHg e Persistently elevated high e RV dysfunction <80% at 1 year

e [nability to perform CPET BNP/NT-proBNP, e.g. NT- ® Systolic PA pressure

e 6MWT <300 m proBNP >1000 pg/mL >50 mmHg

® CRT non responder clinically e Abnormal liver function test ® Moderate-severe tricuspid

e Cachexia, unintentional weight loss e Low albumin regurgitation

o KCCQ decrease >5 units e Difficult to grade aortic

stenosis
e |VC dilated or without respira-

tory variation

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; Kt = 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.

“Moderate 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

Previous or ongoing requirement for dobutamine, milrinone, dopamine, or levosimendan
Persisting NYHA class Ill or IV and/or persistently high BNP or NT-proBNP

Inotropes

NYHA class/NP
End-Organ Dysfunction Worsening renal or liver dysfunction in the setting of HF
Ejection Fraction Very low EF <20%
Defibrillator shocks Recurrent appropriate defibrillator shocks
Hospitalizations More than 1 hospitalization with HF in the last 12 months
Edema/Escalating diuretics Persisting fluid overload and/or increasing diuretic requirement

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

YT rmTomm?zZ

Prognostic medication Inability to uptitrate (or need to decrease/cease) ACE-Is, beta-blockers, ARNIs, or MRAs
ACE-| = 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 from’®”?
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Supplementary Table 15 Overview of major devices and clinical studies on long-term mechanical circulatory support

Device

HeartMate Il (Thoratec,
St. Jude, Abbott)®°~°

HeartWare (HeartWare,
l"ledtronic)91 -

HeartMate 3 (St. Jude,
Abbott)??1%3

Device characteristics

Axial flow pump

Implanted in pre-peritoneal pocket,
connected via inflow cannula to
LV apex, and via outflow cannula
to ascending aorta

Continuous flow centrifugal pump

Implanted and positioned com-
pletely within pericardial space,
connected via driveline to
controller

Continuous flow, centrifugal-pump,
bearing-less magnetically levitated
rotor, artificial pulse

Evidence from major clinical

studies

BTT strategy (prospective, single-arm,
n = 133): 75% survival 6 months, 68%
survival 12 months.®?

HeartMate Il LVAD (randomized con-
tinuous flow vs. pulsatile): improved
2-year survival free of stroke or
device failure for continuous flow vs.
pulsatile87

ROADMAP (observational, n = 97
LVAD, n = 103 OMM): LVAD associ-
ated with better survival and func-
tional capacity at 2 yearsao‘81

Single-arm (transplant candidates,
NYHA class IV, n = 50): 84% 1-year
survival”®

Post-CE mark approval registry (n =
254): 85% 1-year survival, 73% 3-year
survival’’

ADVANCE (HeartWare vs. commer-
cially available LVADs): non-inferior
to commerecially available devices;”’
continued access protocol 84% 1-
year survival®®

ENDURANCE (randomized, open-
label, n = 446 advanced HF patients
ineligible for transplant, HeartWare
vs. HeartMate Il): non-inferiority of
HeartWare vs. other devices for sur-
vival at 2 years free from disabling
stroke or device removal; higher rate
of stroke, RV failure, sepsis95

Single arm (n = 50, BTT and DT): 98%
30-day survival, 92% 6-month sur-
vival; 92% 6-month survival; 1-year
survival similar to other
devices.'0*1%

MOMENTUM 3 (randomized,
HeartMate 3 vs. HeartMate II, both
BTT and DT, n = 294): centrifugal
flow pump non-inferior to axial-flow
pump at 6 months; superiority also
established (hazard ratio 0.55; 95% ClI
0.32—0.95; P =0.04)."®°

MOMENTUM 3, 2-year outcomes (n =
366): survival free of disabling stroke
or survival free of reoperation to
replace/remove device [hazard ratio
0.46; 95% Cl 0.31—0.69, P <0.001,

(superiority)].”

Major risks

Device failure
Pump thrombosis®*¢8&?
Ischaemic stroke

Driveline infection”®

Bleeding (haemorrhagic stroke)

RV failure

Ischaemic stroke
Haemorrhagic stroke
RV failure
Infection
Device failure””*
Pump thrombosis

Driveline infection

No pump thrombosis in

MOMENTUM 3 compared to

10.1% in axial flow group
RV failure

Stroke

Infection

Driveline infection
Gastrointestinal bleeding
RV failure

Stroke

Driveline infection

Continued
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Supplementary Table 15 Continued

Device Device characteristics Evidence from major clinical

studies

HeartMate 3 CE Mark Study, 2-year
results (n = 50): survival free of dis-
abling stroke 84.9+5% 1-year and
77.31£6% 2-year; 2-year Kaplan-Meier

overall survival 74+6%

ADVANCE = Evaluation of the HeartWare Left Ventricular Assist Device for the Treatment of Advanced Heart Failure (trial); BTT = bridge to transplant; CE = Conformité
Européenne; Cl = confidence interval; DT = destination therapy; ENDURANCE = HeartWare Ventricular Assist System as Destination Therapy of Advanced Heart Failure
(trial); HF = heart failure; LV = left ventricular; LVAD = left ventricular assist device; MOMENTUM 3 = Multicenter study of Maglev Technology in Patients Undergoing
Mechanical Circulatory Support Therapy with HeartMate 3; n = number of patients; NYHA = New York Heart Association; OMM = optimal medical management; ROADMAP
= Risk Assessment and Comparative Effectiveness of Left Ventricular Assist Device and Medical Management in Ambulatory Heart Failure Patients (trial); RV = right ventricular;

VS. = versus.

11 Acute heart failure

Supplementary Table 16 Factors triggering acute heart failure

ACS.

Tachyarrhythmia (e.g. AF, ventricular tachycardia).
Excessive rise in blood pressure.

Infection (e.g. pneumonia, infective endocarditis, sepsis).
Non-adherence with salt/fluid intake or medications.
Bradyarrhythmia.

Toxic substances (alcohol, recreational drugs).

Drugs (e.g. NSAIDs, corticosteroids, negative inotropic substances, cardiotoxic chemotherapeutics).

Exacerbation of COPD.

Pulmonary embolism.

Surgery and perioperative complications.

Increased sympathetic drive, stress-related cardiomyopathy.

Metabolic/hormonal derangements (e.g. thyroid dysfunction, diabetic ketosis, adrenal dysfunction).
Severe anaemia.

Pregnancy and peripartum related abnormalities.

Cerebrovascular insult.

Acute mechanical cause: myocardial rupture complicating ACS (free wall rupture, ventricular septal defect, acute mitral regurgitation), chest trauma or cardiac

intervention, acute native or prosthetic valve incompetence secondary to endocarditis, aortic dissection or thrombosis.

ACS = acute coronary syndrome; AF = atrial fibrillation; COPD = chronic obstructive pulmonary disease; NSAID = non-steroidal anti-inflammatory drug.

©ESC 2021
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Supplementary Table 17 Specific findings from investigations in the diagnostic workup for acute heart failure

Investigation
ECG

Chest X-ray

Echocardiography®

Lung ultrasound

Specific findings

ST abnormalities

Rapid and irregular rate
Low QRS voltage

RV strain

Interstitial or alveolar oedema
Pleural effusion

Cardiomegaly

Consolidation

Regional LV systolic dysfunction
Global LV systolic dysfunction
LV diastolic dysfunction

RV dysfunction

Acute valve disease

Aortic flap

Pericardial effusion
Interventricular defect

IVC congestion

B lines

Pleural effusion

Interpretation

ACS

Rapid AF

Suspected tamponade

Suspected pulmonary embolism

Acute HF

Acute HF

Dilated cardiomyopathy

Pneumonia, cancer

ACS

Acute HF

Acute HF

Pulmonary embolism or ACS or RVF
PMR or endocarditis or chordae rupture
Aortic dissection

Tamponade/wall rupture

IVS rupture (ACS)

Acute HF

Acute HF

Acute HF

Practical implication

Coronary angiography/PCl
Rate/rhythm control
Echocardiography/Pericardiocentesis
D-dimer/Echocardiogram/

CT-scan

Echocardiography

Laboratory test/CT-scan

Coronary angiography/PCl
D-dimer/echocardiogram/
CT-scan/coronary angiography
Laboratory test/TOE/emergent surgery
Emergent surgery
Pericardiocentesis/emergent surgery

MCS as bridge to surgery

ACS = acute coronary syndrome; AF = atrial fibrillation; AMI = acute myocardial infarction; CT = computed tomography; ECG = electrocardiogram; FoCUS = Focus Cardiac
Ultrasound; HF = heart failure; IVC = inferior vena cava; IVS = interventricular septum; LV = left ventricular; PCI = percutaneous coronary intervention; PMR = papillary muscle
rupture; QRS = Q, R, and S waves of an ECG; RV = right ventricular; RVF = right ventricular failure; ST = ST segment (on the ECG); TOE = transoesophageal echocardiogram.
“Immediate/emergency echocardiography is recommended in patients with haemodynamic instability/cardiogenic shock and in suspected life-threatening structural/functional
cardiac disease (i.e. mechanical complications of AMI, acute valve disease, aortic dissection). Where comprehensive echocardiography is not available, FoCUS may be used in

the first instance’®* with comprehensive echocardiography being performed later, though as early as possible.

Supplementary text 11.1 Cardiogenic
shock

A number of cardiogenic shock phenotypes exist, depending on the
acute cardiac insult and a patient’s underlying cardiac and overall
medical condition.'® "% A major difference is between cardiogenic
shock related to acute coronary syndrome (ACS) and non-ACS-
related cardiogenic shock, as the two entities differ significantly in
terms of priorities for initial management and outcomes. A number
of criteria for diagnosing cardiogenic shock exist, all of which include
hypotension [systolic blood pressure (SBP) <90 mmHg despite
adequate filling status or already on vasopressors to maintain SBP
>90 mmHg]. Of note, hypoperfusion is not always accompanied by
hypotension, as blood pressure may be preserved by compensatory
vasoconstriction (with/without pressor agents), albeit at the cost of
impaired tissue perfusion and oxygenation.'® All the patients with
cardiogenic shock have respiratory failure needing oxygen, and nearly
2/3 of them require invasive mechanical ventilation. A small propor-
tion <20% may be managed with non-invasive ventilation."'°

Five evolutive stages of cardiogenic shock have been identified
(Supplementary Figure 2).

Depending on the local service provision, patients with cardio-
genic shock may be rapidly transferred to a tertiary care centre

(Shock Centre) that has a 24/7 cardiac catheterization availability,
a multidisciplinary shock team, and a dedicated intensive care unit
(ICU) providing short-term mechanical circulatory support
(MCS)."7" |n patients with cardiogenic shock complicating
ACS, an immediate coronary angiography is recommended with
the intent to perform coronary revascularization,'?>~107111-113
In the CULPRIT-SHOCK (Culprit Lesion only PCI versus Multi-
vessel PCl in Cardiogenic Shock) trial’"*~""® ‘culprit lesion only
percutaneous coronary intervention (PCI)’ strategy with possible
staged revascularization has proven superior to immediate ‘multi-
vessel PCI".""”

After an initial fluid challenge (if appropriate), pharmacological
management consists of intravenous (i.v.) vasoactive agents, aiming to
improve organ perfusion by increasing cardiac output and blood
pressure (Guidelines, Figure 10). Selection of pharmacological
agents is largely empirical. Norepinephrine is the pressor of choice,
whilst dobutamine is the most commonly used adrenergic inotrope.
Levosimendan may also be used (avoiding bolus) in combination with
a vasopressor such as norepinephrine.''®""” General recommenda-
tion on inotrope use is to limit the dose and the duration to the low-
est possible, due to increasing myocardial oxygen consumption and

’ 105—107,111
arrhythmogenic burden.
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STAGE E “Extremis”

A patient with circulatory cillapse,frequently (but not always) in refractory

cardiac arrest with ongoing cardiopulmonary resuscitation (CPR) or is being
\ supported by multiple simultaneous acute interventions facilitated CPR.These
| are patients with multiple clinicians at bedside laboring to address multiple
simultaneous issues related to the lack of clinical stability of the patient

STAGE D “Deteriorating or Doom”

A patient that is similar to category C but is getting worse.They have
failure to respand to initial interventions

STAGE C “Classic” Cardiogenic Shock

A patient that manifests with hypoperfusion that requires intervention
(inotrope, pressor or mechanical support, ECMO) beyond volume
resuscitation to restore perfusion. These patients typically present

with relative hypotension

STAGE B “Beginning” Cardiogenic Shock

A patient who has clinical evidence of relative hypotension or
ardia without hypoperfusion

STAGE A “At risk”
A patient who is not currently experiencing signs or symptoms
of|cardiogenic shock, but is at risk for its development.
ese patients may include those with acute myocardial
infarction, acute and/or chronic heart failure symptoms

@Esc—

Supplementary Figure 2 Stages of cardiogenic shock.
ECMO = extracorporeal membrane oxygenation.

In patients with cardiogenic shock refractory to inotropes/vaso-
pressors, the early use of temporary MCS represents a therapeutic
modality that is available as a bridge to recovery (BTR) or as a
bridge to decision (BTD) for long-term ventricular assist device,
transplantation or withdrawal of therapy (Guidelines, Figure 10).
Appropriate patient selection is influenced by the balance between
efficacy, institutional experience, and device-related complications.
Timing of insertion is important, preferring early use, before occur-
rence of extensive multiorgan failure, and avoiding futile

situations.1°6’1 07,111

Supplementary text 11.2 Disposition
decisions and intensive care unit referral
Acute heart failure (AHF) patients present to a range of medical care
settings, including emergency departments, cardiology (and non-
cardiology) departments, and different types of ICUs." Patient dis-
position after complete emergency department management is one
of the most important decisions to be made by emergency physicians.
This would allow high-risk patients to receive prompt and aggressive
in-hospital therapy, whereas low-risk patients could be safely dis-
charged to home without exposure to potential risk associated with
hospitalization and avoiding spending significant resources.'?’

Consequently, some patients admitted to the emergency department
with AHF, mainly those with acutely decompensated HF (see
Guidelines, section 11.2.1), with mild symptoms and signs of con-
gestion, no renal dysfunction, negative troponin values and very low
natriuretic peptide (NP) levels, can be discharged directly home from
the emergency department after a small dose of diuretics and some
adjustments of oral therapy and advice to be clinically followed as
outpatients.122’123

In the last decade, several risk scores have been developed for use
in emergency departments with the aim of objectively supporting dis-
position decision-making process.'**'?*1%> However, their imple-
mentation is not widespread, to date.'”® Two of these risk scores
have been prospectively and externally validated for prediction of
30-day mortality, with 0% mortality in low-risk categories and they
may be useful for disposition decisions."”'?® Further research,
including implementation testing followed by broad use of the algo-
rithms, may improve care efficiency of those at lower risk and
enhance safety by decreasing inappropriate discharge of high-risk
patients.'*"3% Also, disposition decisions may not be exclusively
guided by the patient risk of adverse events, and many non-medical
circumstances, including socio-economic status, adequacy of family
support, and feasibility of follow-up in outpatient settings, have to be
considered.



ESC Guidelines

29

With respect to the in-hospital phase, patients hospitalized for
AHF may clinically experience life-threatening complications requir-
ing immediate supportive therapies available only in the
ICU."?0131132 Although there are large variations in definition, medi-
cal facilities and staffing, ICU offers a high-technology, life-saving care
environment that supports any isolated or combined advanced organ
dysfunction."?®"3'="33 |ntensity or the level of care (in terms of
nurses, physician, techniques, environment) is graded from 1 to 3,
with level 3 (critical care), offering the highest level of life-saving tech-
nology for isolated and/or multiorgan dysfunction (Supplementary
Table 18)."*

Immediate triage of AHF patients to the appropriate level of care
at presentation potentially results in improvements in the quality of
care and in-hospital outcomes."** Such decisions require expert judg-
ment, balancing the clinical benefit of intensive care admission against
associated risks and costs. Critical care is associated with a high risk
of complications, including venous thromboembolism, upper gastro-
intestinal bleeding, delirium, and hospital-acquired infection with
multidrug-resistant pathogens.'>""*® Criteria for critical care admis-
sion depend upon local resources and policies. They are reported in
Supplementary Table 19. Patients who do not fulfil these criteria
usually need only level 1 or 2 care.”®" A few patients admitted to the
emergency department with AHF [mainly as exacerbation of heart
failure (HF) symptoms with subtle signs of congestion, no renal dys-
function, negative troponin values, and very low NP level] after a
small dose of diuretics and some adjustments of oral therapy can be
discharged directly home from the emergency department with
advice to be clinically followed as outpatients.'?%"23128

Step-down care from the ICU is dictated by clinical stabilization
and resolution of morbid conditions."*'*" Further treatment will be
continued with the involvement of a multidisciplinary team and dis-
charge planning.

Supplementary text 11.3 Monitoring of
clinical status of patients hospitalized

due to acute heart failure

Initial evaluation and monitoring

Initial evaluation and continued monitoring of the patient’s vital
cardiorespiratory functions, including pulse oximetry, blood pres-
sure, respiratory rate, and a continuous electrocardiogram instituted
within minutes, is essential to evaluate whether ventilation, peripheral
perfusion, oxygenation, and haemodynamics are acceptable.'®**
Continuous intra-arterial blood pressure monitoring should be con-
sidered in those with persistent hypotension despite interventions.
Urine output should be monitored, although routine urinary cathe-
terization is not recommended.'**

The intensity of any monitoring should depend on the severity of
illness and haemodynamic instability. Patients with haemodynamic
instability should be triaged to a location where high-end monitoring,
including invasive venous and arterial pressure, and cardiac output
monitoring (invasive and non-invasive) according to the level of sup-
port required/anticipated. Immediate echocardiography is mandatory
in patients with haemodynamic instability and in patients suspected of
acute life-threatening structural cardiac abnormalities (mechanical
complications, acute valvular regurgitation, aortic dissection). Early
echocardiography should be considered in all patients with new

onset AHF or haemodynamic instability. Pulmonary artery (PA) cath-
eterization may be considered in patients who, despite pharmacologi-
cal interventions remain refractory (in particular with hypotension
and hypoperfusion—features of cardiogenic shock, biventricular dys-
function, and/or where the echocardiographic features are discord-
ant with the clinical picture) as the severity of illness can be
underestimated when relying on clinical features alone."**'*°
Assessment of the acid-base status is recommended in patients
with respiratory failure or haemodynamic instability. Venous samples
may be acceptable, providing a faster and less invasive approach than
arterial ones.’®® An abnormal serum lactate >2 mmol/L is associated
with higher mortality in AHF. Further, levels that do not decrease fol-
lowing appropriate treatment are associated with a poor out-
come.” Lactate levels should therefore be assessed on admission in
haemodynamically unstable or hypoxaemic patients with AHF, and
repeated at short intervals (initially e.g. every 1—2 h) during the acute

phase, 34137

Monitoring post-stabilization

After initial stabilization, routine monitoring of pulse, respiratory rate,
blood pressure, and diuresis should continue, and in patients requir-
ing oxygen therapy/non-invasive ventilatory support, monitoring of
transcutaneous arterial oxygen saturation (SpO;) is recom-
mended."** Repeat echocardiography is not indicated unless there
has been a significant change in the clinical status of the patient.'%®

Clinical signs of congestion and hypoperfusion should be moni-
tored daily."**"**138=141 patients should be examined and weighed
daily and an accurate fluid balance chart should be maintained. Renal
function should preferably be monitored with daily measurement of
blood urea nitrogen/urea, creatinine and electrolytes,'?>"3*138=140
as renal function is commonly impaired at admission, but may
improve or deteriorate with diuresis. Growing evidence suggests that
worsening renal function (WRF) that is due to decongestion is both
reversible and not associated with harm."**"** Haemoconcentration
may be used as a sign of negative fluid balance and response to diu-
retic treatment.'**

Around 25—30% of patients with AHF are discharged with persis-
tent signs/symptoms of congestion and/or minimal or no weight
loss"*>1*¢ as demonstrated by elevated NP levels, provoked orthop-
noea, paradoxical changes of SBP in orthostasis or at Valsalva
manoeuvre, and a poor 6-min walk test."* =" This group of patients
has readmission and mortality rates higher than in those adequately
decongested.” Residual haemodynamic congestion at the time of
hospital discharge may therefore contribute to high HF readmission
rates, stressing the overall importance of properly assessing and
147130 and treating congestion beyond
signs and symptoms should be an essential target. This includes moni-
toring changes in N-terminal pro-B-type natriuretic peptide (NT-
proBNP) levels, haemoconcentration and renal function.”® =1 A
reduction in NT-proBNP levels by at least 30% from admission is
associated with an improvement in post-discharge outcomes
whereas those with persistently elevated NT-proBNP prior to dis-
charge have significantly higher risk for death and read-
138141151152 Haemoconcentration is  associated  with

addressing filling pressures,

mission.
reduced post-discharge mortality and rehospitalization rate in several
studies, can be used to help determine the appropriate duration and
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Supplementary Table 18 Intensity of care admission in patients with acute heart failure

Level 1 care

e Cardiac rhythm monitoring.

e Non-invasive haemodynamic and respiratory (SpO,) monitoring.

e Specific treatments (initial administration of vasoactive drugs, non-invasive bi-level positive air-way pressure or continuous positive airway pressure, chest
tube insertion and monitoring).

Level 2 care

Central venous access.

Arterial line.

Continuous infusion of multiple drugs (because of low CV output or compromised organ perfusion).

Invasive haemodynamic monitoring.

Temporary trans-venous pacing.

Percutaneous cardiac assist device (IABP, percutaneous axial pumps).

Pericardiocentesis.

Level 3 care (critical care)

® [nvasive mechanical ventilation.
® Renal replacement therapy.

e Short-term MCS.

CV = cardiovascular; IABP = intra-aortic balloon pump; MCS = mechanical circulatory support; SpO, = oxygen saturation.

Supplementary Table 19 Criteria for critical care admission

Need for intubation (or already intubated).

Poor response to high FiO, or to NIV.

Signs/symptoms/markers of hypoperfusion: cold extremities, altered mentation, confusion, oliguria, lactate >2 mmol/L.
Persistent hypotension (SBP <90 mmHg).

Requirement for two or more vasoactive agents to maintain blood pressure.

Requirement for invasive cardiac output monitoring.

Requirement for MCS.

Heart rate <40 b.p.m. or persistent life-threatening arrhythmia.

Any associated non-cardiac condition requiring critical care admission (e.g. continuous venovenous hemodiafiltration and ultrafiltration).

b.p.m. = beats per minute; FiO, = fraction of inspired oxygen; MCS = mechanical circulatory support; NIV = non-invasive ventilation; SBP = systolic blood pressure.

Supplementary Table 20 Criteria for intubation

Cardiac or respiratory arrest

Progressive worsening of altered mental status

Progressive worsening of respiratory failure with hypoxaemia [PaO, <60 mmHg (8.0 kPa)], hypercapnia [PaCO, >50 mmHg (6.65 kPa)] and acidosis (pH
<7.35), despite NIV

Need of airway protection

Persistent haemodynamic instability

Agitation or intolerance to NIV with progressive respiratory failure

NIV = non-invasive ventilation; PaCO, = partial pressure of carbon dioxide; PaO, = partial pressure of oxygen. From **
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Supplementary Table 21

Vasodilator Dosing
Nitroglycerine
Isosorbide dinitrate Start with 1 mg/h, increase up to 10 mg/h

Nitroprusside

intensity of decongestion therapy.'**">* Despite WRF, patients with
laboratory evidence of haemoconcentration have greater total
weight loss, larger total volume of diuresis, and greater reduction in
right atrial pressure and pulmonary capillary wedge pressure.’* Al
these features should be considered when monitoring appropriate-
ness for discharge.

Supplementary text 11.4 Short-term
mechanical circulatory support (see also
Supplementary Table 15)

Intra-aortic balloon pump (IABP) consists of a percutaneously
implanted catheter with a balloon inflated with gas that is positioned
in the descending aorta. The balloon is inflated in diastole and
deflated during systole, facilitating coronary flow, improving oxygen
supply to the myocardium, reducing afterload and oxygen consump-
tion. The Intra-aortic Balloon Pump in Cardiogenic Shock I
(IABP-SHOCK-II) trial showed no difference in 30-day, as well as in
12-month mortality between IABP and optimal medical therapy in
patients with cardiogenic shock following acute myocardial infarction
(AMI) who underwent early revascularization." According to these
results, IABP is not routinely recommended in cardiogenic shock
post-myocardial infarction. However, it may still be considered in car-
diogenic shock refractory to drug therapy as a BTD, BTR, bridge to
bridge.'®

Extracorporeal membrane oxygenation (ECMO) is a simplified cardi-
opulmonary bypass machine driven by centrifugal blood pump, which
can be used in either veno-arterial (VA) or veno-venous configura-
tion. Although VA-ECMO provides full circulatory support, it does
not decompress the left ventricle. Depending on the severity of myo-
cardial dysfunction and/or concomitant mitral or aortic regurgitation,
VA-ECMO may increase left ventricular (LV) afterload with an
increase in LV end-diastolic pressure and pulmonary congestion. In
these cases, LV unloading is mandatory and can be achieved by means
of transeptal/ventricular apex vent or adding an unloading device
such as the Impella device."*"” Complications of percutaneous
ECMO are mostly related to vascular events, bleeding, thrombosis,
and infection. Randomized controlled trials comparing ECMO with
IABP or medical therapy are lacking. A meta-analysis including only
observational studies showed favourable outcomes in patients with
cardiogenic shock or cardiac arrest treated with VA-ECMO com-
pared to control.”*® VA-ECMO may also be considered in fulminant

Start with 10—20 pg/min, increase up to 200 pg/min

Start with 0.3 pg/kg/min and increase up to 5 pg/kg/min

Intravenous vasodilators for acute heart failure

Other

Tolerance in continuous use

Main side effects

Hypotension, headache

Hypotension, headache Tolerance in continuous use
Hypotension, isocyanate toxicity Light sensitivity
159,160

myocarditis with severe haemodynamic impairment or massive

pulmonary embolism and arrhythmic storm.'®"'¢2

Impella Ventricular Support System (Abiomed Inc., Danvers, MA,
USA) is a miniaturized percutaneous micro-axial flow pump placed
across the aortic valve, aspirating blood from the left ventricle and
ejecting it into the ascending aorta in left assist configuration or, less
often, into the PA in right assist configuration. The trans-aortic
Impella unloads the left ventricle and improves haemodynamic
parameters. The device is available in different sizes able to produce a
cardiac output ranging from 2.5 to 5.0 L/min (2.5, CP, and 5.0 devi-
ces). CP and 5.0 devices seem more effective compared with the
smaller one.'®® Major complications of Impella include vascular injury,
bleeding, thrombosis, haemolysis, and device migration. Two small
randomized trials and propensity-matched analyses on two large
observational studies have been made to compare Impella and IABP
or medical therapy with divergent results.'®*~ "¢

TandemHeart percutaneous assist device (Cardiac Assist, Inc.,
Pittsburgh, PA, USA) consists of an inflow cannula, inserted via the
femoral vein to the right atrium and then trans-septal into the left
atrium, a centrifugal continuous extracorporeal blood pump, and an
outflow arterial cannula inserted in the ilio-femoral artery. A mem-
brane oxygenator can be added to provide respiratory support. The
need for trans-septal puncture and positioning of the inflow cannula
into the left atrium demands proficiency and carries a risk of compli-
cations such as atrial perforation and cannula migration or suboptimal
position. TandemHeart improves haemodynamic parameters. There

randomized trials
169,170

are no adequately powered

TandemHeart with IABP or medical treatment.

comparing

12 Cardiovascular comorbidities

Supplementary text 12.1 Antiarrhythmic
drugs in patients with ventricular
arrhythmias

A number of studies have shown the efficacy of d,l-sotalol for sup-
pressing premature ventricular contractions in patients with struc-
tural heart disease.'”"”® The Optimal Pharmacological Therapy in
Cardioverter Defibrillator Patients (OPTIC) trial randomized beta-
blockers, d,|-sotalol (240 mg/day) and amiodarone plus beta-blockers
in implantable cardioverter-defibrillator (ICD) patients with
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Supplementary Table 22 Characteristics of short-term mechanical circulatory support. Percutaneous mechanical cir-
culatory support can be characterized by one of four circuit configurations: 1. intra-aortic devices; 2. transvalvular aortic

(Impella); 3. left atrium to systemic artery (TandemHeart); 4. right atrium to systemic artery (veno-arterial extracorpor-
eal membrane oxygenation)

Insertion

Mechanism

LV unloading

Technical characteristics

Duration

Advantages

Disadvantages/complications

IABP
Femoral or axillary artery to
AO

Diastolic augmentation of
aortic pressure and
improved LV performance
via systolic balloon deflation

(decrease in afterload)

()

— Cannula size 7—8 F
— Cardiac output: 0.3—0.5
L/min

— Pulsatile flow

Days to weeks

Easy insertion, easy to
adjust, cath lab not manda-
tory, no extracorporeal
blood; increase coronary

and cerebral flow

— ECG/pulse dependent
(mostly inefficient in
tachycardia and irregular
rhythms)

— Limb ischaemia

— Haemolysis

— Thrombocytopenia

Impella (2.5, CP, 5.0%)
LV to AO

Expels blood from LV to
AO

++

— Cannulasize 12—14 F
for CP and 21 F for
Impella 5.0

— Cardiac output:
2.5—5.0 L/min

— Continuous flow via axial
pump with a maximum
speed of 51000 r.p.m.

10 days for Impella 2.5 and
CP and 3 weeks for Impella
5.0

ECG and pulse independent
relatively easy insertion in
cath lab, no extracorporeal
blood

— Limb ischaemia
— Haemolysis
— Bleeding

— Infection

TandemHeart

Venous cannula: femoral
vein to LA

Arterial cannula: iliac artery
Aspirates oxygenated blood
from LA and returns to iliac

artery

++

— Cannula size 21 F venous
and 12—19 F arterial

— Cardiac output: 4 L/min

— Continuous flow via cen-
trifugal pump; maximum

pump speed 7500 r.p.m.

2—3 weeks

Rhythm independent, less
artificial surface than ECMO
Can be used in patients with
aortic stenosis/prosthetic
aortic valve; can be used

even in LV thrombus

— Limb ischaemia

— Bleeding

— Complex implantation
requiring transseptal
puncture

— Infection

VA-ECMO
Venous cannula: RA

Arterial cannula: iliac artery

Drainage of deoxygenated
venous blood, via an extrac-
orporeal centrifugal pump
over a membrane oxygena-
tor and pumped back oxy-
genated blood to iliac artery
LV overloading in peripheral
cannulation
Only RV unloading
— Cannula size 19-25F
venous and 15—19 F
arterial
— Cardiac output: up to
7 L/min
— Continuous flow via cen-
trifugal pump with a max-
imum speed of
5000 r.p.m.
3—4 weeks and occasionally

longer

Rhythm independent, no
cath lab requirement, rapid
insertion, full circulatory
support even in resuscita-
tion situations or during
malignant arrhythmia, pro-
viding combined support of
the right and left ventricle,
rapid improvement in oxy-
genation and the possibility
of rapid application, com-
plete cardiopulmonary
bypass
— Haemolysis, thromboem-
bolic complications (large
artificial surface), renal
failure, limb ischaemia/
amputation, infection and

bleeding

Continued
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Supplementary Table 22 Continued

IABP
— Bleeding
— Infection

Contraindications — Moderate to severe

aortic regurgitation — Prosthetic aortic valve

— Severe aortic disease — LV thrombus

— VSD

— Peripheral vascular

disease

Impella (2.5, CP, 5.0%)

— Severe aortic stenosis

VA-ECMO
— LV overloading - periph-

TandemHeart

eral cannulation is associ-
ated with an increase in
LV afterload, which pro-
duces LV distension and
pulmonary congestion
and may impair myocar-
dial recovery. LV decom-
pression strategies
include additional proce-
dures, such as septos-
tomy, IABP, Impella, and
hybrid circuit
configuration
— Harlequin syndrome
(upper body hypoxia
from incomplete retro-
grade filling and oxygena-
tion), in which
deoxygenated cerebral
blood flow occurs during
retrograde perfusion
with peripheral cannula-
tion. The veno-arterio-
venous configuration
with triple cannulation
avoids upper body
hypoxia
— Severe aortic — Severe aortic
insufficiency insufficiency
— Aortic dissection — Aortic dissection
— Peripheral vascular — Inability to tolerate sys-
disease
— RV failure
— VSD

— Inability to tolerate sys-

temic anticoagulation

temic anticoagulation

AO = aorta; ECG = electrocardiogram; ECMO = extracorporeal membrane oxygenation; IABP = intra-aortic balloon pump; LA = left atrial; LV = left ventricular; RA = right
atrial; r.p.m. = revolutions per minute; RV = right ventricular; VA = veno-arterial; VSD = ventricular septal defect.

Percutaneous mechanical circulatory supports can be characterized by one of four circuit configurations: 1. intra-aortic devices, 2. transvalvular aortic (Impella) 3. left atrium to
systemic artery (TandemHeart); 4. right atrium to systemic artery (veno-arterial extracorporeal membrane oxygenation).

?For Impella 5.0 surgical cut-down for cannulation is mandatory.
From 7!

spontaneous or induced ventricular tachycardia/fibrillation and left
ventricular ejection fraction (LVEF) <40%, and found a trend in
reduced incidence of shocks with sotalol (with a significant reduction
by amiodarone)."”* However, sotalol is associated with corrected
QT interval (QT) prolongation and torsades de pointes, a risk that
must be balanced with its efficacy. Beneficial effects of d,| sotalol are
likely mediated only by its beta-blocking activity. D-sotalol, a pure
potassium (K")-channel blocker with no beta-blocking activity,

increased mortality in patients with a recent myocardial infarction
and LV dysfunction.'”

Mexiletine is a class Ib anti-arrhythmic drug that was used in com-
bination with amiodarone in the Ventricular Tachycardia Ablation or
Escalated aNtiarrhythmic Drugs in Ischemic Heart Disease
(VANISH) trial in ICD patients with ischaemic heart disease, but was
not found effective for preventing recurrence of ventricular
arrhythmias.”
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13 Non-cardiovascular comorbidities

Supplementary Table 23 Comparison of the effects of interventions on outcome in patients with heart failure with or

without chronic kidney disease

Trial

ACE-I
SOLVD-

Treatment'””

Beta-blockers
CIBIS-II"7®

MERIT-HF'7%:180

SENIORS™ '8!

MRAs
RALES'8?

TOPCAT'®

EMPHASIS-HF’

ARNI
PARADIGM -HF®

PARAGON -HF”®

SGLT2 inhibitors
DAPA-HF'*

EMPEROR-
Reduced'®'®*

Intervention
(sample size)

Enalapril vs. placebo
(n=12569)

Bisoprolol vs. pla-
cebo (n = 2647)

Metoprolol vs. pla-
cebo (n = 3991)

Nebivolol vs. pla-
cebo (n = 2128)

Spironolactone vs.
placebo (n = 1663)

Spironolactone vs.
placebo (n = 3445)

Eplerenone vs. pla-
cebo (n = 2737)

Sac/Val vs. enalapril
(n = 8442)

Sac/Val vs. enalapril
(n = 4822)

Dapagliflozin 10 mg
o.d. vs. placebo

Empagliflozin vs. pla-
cebo (n = 3730)

Guanylate cyclase activators

VICTORIA™

Myosin activators
GALACTIC-HF'"

ICD
MADIT 11'®

CRT
CARE-HF'®

Vericiguat vs. pla-
cebo (n = 5050)

Omecamtiv vs. pla-
cebo (n = 8232)

Prophylactic ICD vs.
conventional medical
therapy (n = 1232)

CRT vs. conven-
tional medical ther-

apy
(n=813)

Main eligibility
criteria

LVEF <35%;
NYHA |—1V; creatinine
<177 pmol/L

LVEF <35%;
NYHA I1-1V;
creatinine <300 pmol/L

LVEF <40%;
NYHA II-1V; ‘significant’
kidney disease

LVEF <35% or hospital-
ization for decompen-

sated HF; NYHA II—1V;
creatinine <250 pmol/L

LVEF <35%;

NYHA [ll—1V; creatinine
<221 pmol/L;

LVEF >45%; HF hospital-
ization or elevated NP
level; eGFR >30 mL/min/
1.73 m? or creatinine
<221 pmol/L

LVEF <35%; NYHA II;
eGFR >30 mL/min/

173 m’

LVEF <40%;
NYHA ll—1V; eGFR
>30 mL/min/1.73 m*
LVEF >45%;

NYHA ll—1V; eGFR
>30 mL/min/1.73 m*

LVEF <40%;
NYHA ll—1V; eGFR
>30 mL/min/1.73 m*
LVEF <40%;

NYHA ll—1V; eGFR
>20 mL/min/1.73 m*

LVEF <45%;

NYHA II-1V; recent hos-
pitalization; eGFR

>15 mL/min/1.73 m? (no
more than 15% of sub-
jects with an eGFR in the
15 L/min/1.73 m* to 30
mL/min/1.73 m* range)

LVEF <35%;
NYHA ll—1V; eGFR
>20 mL/min/1.73 m?

LVEF <30%; NYHA III;
eGFR >15 mL/min/
1.73 m*

LVEF <35%;
NYHA -V

Follow
-up (¥)

35

175

0.9

Primary
outcome

All-cause
mortality

All-cause
mortality

All-cause
mortality

All-cause mor-
tality or CV
hospital
admission

All-cause
mortality

CV death or

aborted cardiac
arrest or hospi-
talization for HF

CV death or
hospitalization
for HF

CV death or
hospitalization
for HF

Total (first and
recurrent) hos-
pitalizations for
HF or CV death

Worsening HF
or CV death

HF hospitaliza-
tion
or CV death

First HF hospi-
talization or CV
death

First HF event
or CV death

All-cause
mortality

Death from any
cause or

unplanned hos-
pitalization for a
major CV event

Overall
treatment effect
(95% CI)

0.84 (0.74—0.95)

066 (0.54—0.81)

066 (0.53—-0.81)

086 (0.74—0.99)

070 (0.60—0.82)

089 (0.77—1.04)

063 (0.54—0.74)

080 (0.73—0.87)

087 (0.75—1.01)

0.74 (0.65—0.85)

0.75 (0.65— 0.86)

090 (0.82— 0.98)

092 (0.86— 0.99)

069 (0.51-0.93)

063 (0.51-0.77)

CKD subgroups
(eGFR, mL/min/
1.73 m?)

>60 (n = 1466)
<60 (n = 1036)

<45 (n = 450)
>45-<60 (n = 669)
>60—<75 (n = 640)
>75 (n = 863)

<45 (n = 493)
>45-<60 (n = 976)
>60 (n = 2496)
<55.5 (n = 704)
55.5-72.8 (n = 704)
>72.8 (n = 704)

<60 (n=792)
>60 (n = 866)

<45 (n = 411)
45-60 (n = 533)
>60 (n = 823)

<60 (n = 912)
>60 (n = 1821)

<60 (n = 3061)
>60 (n = 5338)

<60 (n = 2341)
>60 (n = 2454)

<60 (n = 1926)
>60 (n = 2816)

<60 (n=1978)
>60 (n = 1746)

<30 (n = 506)
>30-<60 (n=
2118)

>60 (n = 2335)

<60 (n=4321)
>60 (n = 3911)

<35 (n = 80)
<35 (n = 80)
35-59 (n = 387)

<60 (n = 369)
<60 (n = 369)

Treatment
effect in CKD

0.82 (0.69—0.98)
0.88 (0.73—1.06)

0.71
0.69
0.53
0.64
0.41
0.68
0.71
0.84
0.79
0.86

0.48—1.05)
0.46—1.04)
0.34-0.82)
0.42—-0.99)
0.25—-0.68)
0.45—1.02)
0.54—-0.95)
0.67—1.07)
0.60—1.04)
0.65—1.14)

0.68 (0.56—0.84)
0.71 (0.57—0.90)

0.89 (0.66—1.21)
099 (0.73—1.36)
0.66 (0.50—0.88)

N/A
N/A

N/A
N/A

0.79 (0.66—0.95)
1.01 (0.80—127)

0.72 (0.59—0.86)
0.76 (0.63—0.92)

0.78 (0.65—0.93)
0.72 (0.58—0.90)

1.06 (0.83—134)
0.84 (0.73—0.96)

092 (0.80—1.07)

0.98 (0.89—1.07)
0.84 (0.75—0.94)

1.09 (0.49—2.43)
1,09 (0.49—2.43)
0.74 (0:48—1.15)

0.67 (0.50—0.89)
0.67 (0.50—0.89)

P-value for
treatment*
CKD

interaction

0.62

0.81

0.095

0.442

N/A

N/A

091

NS

NS

NS

NS

N/A

ACE-| = angiotensin-converting enzyme inhibitor; ARNI = angiotensin receptor-neprilysin inhibitor; CARE-HF = CArdiac REsynchronization in Heart Failure (trial); Cl = confidence interval;
CIBIS-Il = Cardiac Insufficiency Bisoprolol Study Il; CKD = chronic kidney disease; CR = controlled release; CRT = cardiac resynchronization therapy; CV = cardiovascular; DAPA-HF =
Dapagliflozin And Prevention of Adverse outcomes in Heart Failure (trial); eGFR = estimated glomerular filtration rate; EMPEROR-Reduced = Empagliflozin Outcome Trial in Patients with
Chronic Heart Failure with Reduced Ejection Fraction; EMPHASIS-HF = Eplerenone in Mild Patients Hospitalization and Survlval Study in Heart Failure (trial); GALACTIC-HF = Global
Approach to Lowering Adverse Cardiac Outcomes Through Improving Contractility in Heart Failure (trial); HF = heart failure; ICD = implantable cardioverter-defibrillator; LVEF = left ven-
tricular ejection fraction; MADIT Il = Multicenter Autonomic Defibrillator Implantation Trial II; MERIT-HF = Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure;
min = minute; MRA = mineralocorticoid receptor antagonist; N/A = not available; NP = natriuretic peptide; NYHA = New York Heart Association, o.d. = omne in die (once daily);
PARADIGM-HF = Prospective Comparison of ARNI with ACE-| to Determine Impact on Global Mortality and Morbidity in Heart Failure (trial); PARAGON-HF = Prospective Comparison
of ARNI with ARB Global Outcomes in HF with preserved Ejection Fraction (trial); RALES = Randomized Aldactone Evaluation Study; Sac/Val = sacubitril/valsartan; SENIORS = Study of the
Effects of Nebivolol Intervention on Outcomes and Rehospitalisations in Seniors with Heart Failure (trial); SGLT2 = sodium-glucose co-transporter 2; SOLVD-Treatment = Studies of Left
Ventricular Dysfunction Treatment (trial); TOPCAT = Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (trial); VICTORIA = Vericiguat Global Study
in Subjects With Heart Failure With Reduced Ejection Fraction; vs. = versus; XL = extended release; y = year.
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Supplementary Table 24 Management of chronic hyperkalaemia

e In patients with chronic or recurrent hyperkalaemia on RAAS inhibitors therapy an approved K'-lowering agent may be initiated as soon as K™ levels are

confirmed as >5.0 mEq/L. Closely monitor K* levels. Maintain treatment unless alternative treatable aetiology is identified.

o In patients with chronic or recurrent hyperkalaemia not on maximal tolerated guideline-recommended target dose of RAAS inhibitors, an approved K*-

lowering agent may be initiated as soon as confirmed K* levels are >5.0 mEq/L. Closely monitor K* levels. Maintain treatment unless alternative treatable

aetiology is identified. RAAS inhibitors should be optimized when K™ levels are <5.0 mEq/L.

® In patients with K" levels of 4.5—5.0 mEq/L not on maximal tolerated, guideline-recommended target dose of RAAS inhibitor therapy, RAAS inhibitor

therapy can be initiated/uptitrated with a close monitoring of K* levels. If K™ levels rise above 5.0 mEq/L, initiate an approved K*-lowering agent.

o In patients with K* levels of >5.0—<6.5 mEq/L not on maximal tolerated, guideline-recommended target dose of RAAS inhibitor therapy, an approved

K™-lowering agent should be initiated. If levels <5.0 mEq/L are detected, uptitrate RAAS inhibitor; K™ level should be closely monitored and K*-lowering

treatment should be maintained unless another aetiology for hyperkalaemia is identified.

o In patients with K* levels of >5.0—<6.5 mEq/L on maximal tolerated, guideline-recommended target dose of RAAS inhibitor therapy, treatment with a

K"-lowering agent may be initiated. K level should be closely monitored and K*-lowering treatment should be maintained unless alternative treatable

aetiology for hyperkalaemia is identified.

o In patients with K levels of >6.5 mEq/L on either maximal or sub-maximal tolerated, guideline-recommended target dose of RAAS inhibitor therapy, it is

recommended to discontinue/reduce RAAS inhibitor. Treatment with a K*-lowering agent may be initiated as soon as K* levels >5.0 mEq/L. K™ level

should be closely monitored.

K" = potassium; mEq = milliequivalent; RAAS = renin-angiotensin-aldosterone system.

Supplementary text 13.1 Electrolyte
disorders: hypokalaemia, hyperkalaemia,
hyponatraemia, hypochloraemia
Administration of the K lowering agents, patiromer or sodium
zirconium cyclosilicate, may allow renin-angiotensin-aldosterone sys-
tem (RAAS) inhibitor initiation or uptitration in a larger proportion
of patients. This hypothesis was first tested in 105 patients with HF
and chronic kidney disease (CKD) or a history of hyperkalaemia
resulting in discontinuation of RAAS inhibitor, in whom patiromer,
compared with placebo, lowered serum K" levels with fewer
patients developing hyperkalaemia and more patients tolerating a
dose increase of spironolactone to 50 mg/day.'®” AMETHYST-DN
confirmed the efficacy of patiromer as a K™ lowering agent in patients
with diabetes, CKD, mild HF and hyperkalaemia on RAAS inhibi-
tor."®® AMBER trial enrolled patients with resistant hypertension and
CKD, including a pre-specified subgroup of patients with HF, who
were randomized, double-blind, to patiromer or placebo plus open-
label spironolactone. Patients assigned to patiromer were more likely
to remain on spironolactone and received higher cumulative doses of
this drug."®”"*° DIAMOND is testing the impact on clinical outcomes
of a strategy based on patiromer administration, compared with pla-
cebo, in patients with heart failure with reduced ejection fraction
(HFrEF) who are hyperkalaemic while on RAAS inhibitor or with a
history of hyperkalaemia with subsequent reduction or discontinua-
tion of a RAAS inhibitor.'?"7>

The Efficacy of Vasopressin Antagonism in Heart Failure Outcome
Study with Tolvaptan (EVEREST) trial showed significant decrease in
dyspnoea and body weight at day 1 and oedema at day 7 with tolvap-
tan vs. placebo, though with no difference in the primary endpoints of
all-cause mortality or cardiovascular death or HF hospitalization. In
patients with hyponatraemia, sodium levels increased
significantly.’”® Similar results were found in other studies.'”*'*> A
randomized placebo controlled trial in patients hospitalized for HF
with estimated glomerular filtration rate <60 mL/min/1.73 m? and

serum

hyponatraemia or diuretic resistance showed a greater weight loss
and decreased loop diuretic dose but no difference in other endpoints

with tolvaptan vs. placebo.'”®

14 Special conditions

Supplementary Table 25 Echocardiographic and
cardiac magnetic resonance for the diagnosis of
amyloidosis

Echocardiography
Unexplained LV thickness (>12 mm) plus 1 or 2:
1. Characteristic echocardiography findings (>2 of a, b, and c have to be
present)
a. Grade 2 or worse diastolic dysfunction
b. Reduced tissue Doppler s’, €', and a’ waves velocities (<5 cm/s)
c. Decreased global longitudinal LV strain (absolute value <—15%).
2. Multiparametric echocardiographic score >8 points.
a. Relative LV wall thickness (IVS+PWT)/LVEDD >0.6 (3 points)
b. Doppler E wave/e’ wave velocities >11 (1 point)
c. TAPSE <19 mm (2 points)
d. Global longitudinal LV strain <—13% (1 point)
e. Systolic longitudinal strain apex to base ratio >2.9 (3 points)
Cardiac magnetic resonance
Characteristic findings (a and b have to be present):
a. Diffuse subendocardial or transmural LGE
b. Abnormal gadolinium kinetics*

c. ECV >0.40% (strongly supportive, but not essential/diagnostic)

ECG = electrocardiogram; ECV = extracellular volume; IVS = interventricular
septum; LGE = late gadolinium enhancement; LV = left ventricular; LVEDD = left
ventricular end-diastolic diameter; PWT = posterior wall thickness; s = second;

TAPSE = tricuspid annular plane systolic excursion. From 778

©ESC 2021

©ESC 2021



36

ESC Guidelines

1

-

I

w

w1

o

©

o

10

N
.

12.

13.

5 References

. Yusuf S, Pitt B, Davis CE, Hood WB, Cohn JN. Effect of enalapril on survival in

patients with reduced left ventricular ejection fractions and congestive heart fail-
ure. N Engl | Med 1991;325:293—302.

Packer M, Poole-Wilson PA, Armstrong PW, Cleland JG, Horowitz |D, Massie
BM, Ryden L, Thygesen K, Uretsky BF. Comparative effects of low and high doses
of the angiotensin-converting enzyme inhibitor, lisinopril, on morbidity and mor-
tality in  chronic  heart ATLAS  Study  Group. Circulation
1999:100:2312—-2318.

failure.

. Packer M, Coats A, Fowler MB, Katus HA, Krum H, Mohacsi P, Rouleau |L,

Tendera M, Castaigne A, Roecker EB, Schultz MK, DeMets DL, Carvedilol
Prospective Randomized Cumulative Survival Study Group. Effect of carvedilol on
survival in severe chronic heart failure. N Engl | Med 2001;344:1651—1658.
CIBIS-II Investigators and Committees. The Cardiac Insufficiency Bisoprolol Study
Il (CIBIS-II): a randomised trial. Lancet 1999;353:9—13.

. Flather MD, Shibata MC, Coats A, Van Veldhuisen D), Parkhomenko A, Borbola J,

Cohen-Solal A, Dumitrascu D, Ferrari R, Lechat P, Soler-Soler ], Tavazzi L,
Spinarova L, Toman J, Bohm M, Anker SD, Thompson SG, Poole-Wilson PA,
SENIORS Investigators. Randomized trial to determine the effect of nebivolol on
mortality and cardiovascular hospital admission in elderly patients with heart fail-
ure (SENIORS). Eur Heart | 2005;26:215—225.

Pitt B, Zannad F, Remme W], Cody R, Castaigne A, Perez A, Palensky ], Wittes .
The effect of spironolactone on morbidity and mortality in patients with severe
heart failure. Randomized Aldactone Evaluation Study Investigators. N Engl | Med
1999;341:709-717.

Zannad F, McMurray ), Krum H, van Veldhuisen DJ, Swedberg K, Shi H, Vincent J,
Pocock SJ, Pitt B, EMPHASIS-HF Study Group. Eplerenone in patients with systolic
heart failure and mild symptoms. N Engl | Med 2011;364:11—21.

McMurray J), Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, Rouleau JL,
Shi VC, Solomon SD, Swedberg K, Zile MR, PARADIGM-HF Investigators
Committees. Angiotensin-neprilysin inhibition versus enalapril in heart failure. N
Engl | Med 2014;371:993—1004.

Swedberg K, Komajda M, Bohm M, Borer S, Ford |, Dubost-Brama A, Lerebours
G, Tavazzi L, SHIFT Investigators. Ivabradine and outcomes in chronic heart failure
(SHIFT): a randomised placebo-controlled study. Lancet 2010;376:875—885.

. McMurray JJ, Ostergren ], Swedberg K, Granger CB, Held P, Michelson EL,

Olofsson B, Yusuf S, Pfeffer MA, CHARM Investigators Committees. Effects of
candesartan in patients with chronic heart failure and reduced left-ventricular
systolic function taking angiotensin-converting-enzyme inhibitors: the CHARM-
Added trial. Lancet 2003;362:767—771.

. Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL, Olofsson B, Ostergren

), Pfeffer MA, Swedberg K, CHARM Investigators and Committees. Effects of can-
desartan in patients with chronic heart failure and reduced left-ventricular sys-
tolic function intolerant to angiotensin-converting-enzyme inhibitors: the
CHARM-Alternative trial. Lancet 2003;362:772—776.

Cohn JN, Tognoni G, Valsartan Heart Failure Trial Investigators. A randomized
trial of the angiotensin-receptor blocker valsartan in chronic heart failure. N Engl
J Med 2001;345:1667—1675.

Armstrong PW, Pieske B, Anstrom K], Ezekowitz ], Hernandez AF, Butler ], Lam
CSP, Ponikowski P, Voors AA, Jia G, McNulty SE, Patel MJ, Roessig L, Koglin |,
O’Connor CM. Vericiguat in patients with heart failure and reduced ejection
fraction. N Engl | Med 2020;382:1883 —1893.

. McMurray JJV, Solomon SD, Inzucchi SE, Keber L, Kosiborod MN, Martinez FA,

Ponikowski P, Sabatine MS, Anand IS, Bélohlavek J, B6hm M, Chiang C-E, Chopra
VK, de Boer RA, Desai AS, Diez M, Drozdz |, Dukéat A, Ge J, Howlett ]G, Katova
T, Kitakaze M, Ljungman CEA, Merkely B, Nicolau JC, O’'Meara E, Petrie MC,
Vinh PN, Schou M, Tereshchenko S, Verma S, Held C, DeMets DL, Docherty
KF, Jhund PS, Bengtsson O, Sjéstrand M, Langkilde AM, DAPA-HF Trial
Committees and Investigators. Dapagliflozin in patients with heart failure and
reduced ejection fraction. N Engl | Med 2019;381:1995—2008.

. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, Januzzi |, Verma

S, Tsutsui H, Brueckmann M, Jamal W, Kimura K, Schnee ], Zeller C, Cotton D,
Bocchi E, Bohm M, Choi D), Chopra V, Chuquiure E, Giannetti N, Janssens S,
Zhang J, Gonzalez-Juanatey JR, Kaul S, Brunner-La Rocca HP, Merkely B, Nicholls
S), Perrone S, Pina |, Ponikowski P, Sattar N, Senni M, Seronde MF, Spinar J,
Squire |, Taddei S, Wanner C, Zannad F, EMPEROR-Reduced Trial Investigators.
Cardiovascular and renal outcomes with empagliflozin in heart failure. N Engl |
Med 2020;383:1413 —1424.

. Teerlink JR, Diaz R, Felker GM, McMurray JJV, Metra M, Solomon SD, Adams KF,

Anand |, Arias-Mendoza A, Biering-Sorensen T, Bohm M, Bonderman D, Cleland
JGF, Corbalan R, Crespo-Leiro MG, Dahlstrom U, Echeverria LE, Fang JC,
Filippatos G, Fonseca C, Goncalvesova E, Goudev AR, Howlett ]G, Lanfear DE,
Li J, Lund M, Macdonald P, Mareev V, Momomura SI, O’Meara E, Parkhomenko
A, Ponikowski P, Ramires FJA, Serpytis P, Sliwa K, Spinar ], Suter TM, Tomcsanyi

20.

2

e

22.

2

w

24.

25.

26.

27.

28.

29.

30.

3

=

32.

3

w

J, Vandekerckhove H, Vinereanu D, Voors AA, Yilmaz MB, Zannad F, Sharpsten
L, Legg JC, Varin C, Honarpour N, Abbasi SA, Malik FI, Kurtz CE,
GALACTIC-HF Investigators. Cardiac myosin activation with omecamtiv mecar-
bil in systolic heart failure. N Engl | Med 2021;384:105—116.

Lewis EF, Claggett BL, McMurray JJV, Packer M, Lefkowitz MP, Rouleau JL, Liu J,
Shi VC, Zile MR, Desai AS, Solomon SD, Swedberg K. Health-related quality of
life outcomes in PARADIGM-HF. Circ Heart Fail 2017;10:e003430.

. Chandra A, Lewis EF, Claggett BL, Desai AS, Packer M, Zile MR, Swedberg K,

Rouleau JL, Shi VC, Lefkowitz MP, Katova T, McMurray JJV, Solomon SD. Effects
of sacubitril/valsartan on physical and social activity limitations in patients with
heart failure: a secondary analysis of the PARADIGM-HF Trial. JAMA Cardiol
2018;3:498—505.

. Kosiborod MN, Jhund PS, Docherty KF, Diez M, Petrie MC, Verma S, Nicolau JC,

Merkely B, Kitakaze M, DeMets DL, Inzucchi SE, Kober L, Martinez FA,
Ponikowski P, Sabatine MS, Solomon SD, Bengtsson O, Lindholm D, Niklasson
A, Sjostrand M, Langkilde AM, McMurray JJV. Effects of dapagliflozin on
symptoms, function, and quality of life in patients with heart failure and
reduced ejection fraction: results from the DAPA-HF trial. Circulation
2020;141:90—99.

Faris R, Flather M, Purcell H, Henein M, Poole-Wilson P, Coats A. Current evi-
dence supporting the role of diuretics in heart failure: a meta analysis of rando-
mised controlled trials. Int | Cardiol 2002;82:149 —158.

. Anker SD, Comin Colet }, Filippatos G, Willenheimer R, Dickstein K, Drexler H,

Luscher TF, Bart B, Banasiak W, Niegowska J, Kirwan BA, Mori C, von Eisenhart
Rothe B, Pocock S), Poole-Wilson PA, Ponikowski P, FAIR-HF Trial Investigators.
Ferric carboxymaltose in patients with heart failure and iron deficiency. N Engl |
Med 2009;361:2436—2448.

Ponikowski P, van Veldhuisen DJ, Comin-Colet J, Ertl G, Komajda M, Mareev V,
McDonagh T, Parkhomenko A, Tavazzi L, Levesque V, Mori C, Roubert B,
Filippatos G, Ruschitzka F, Anker SD, CONFIRM-HF Investigators. Beneficial
effects of long-term intravenous iron therapy with ferric carboxymaltose in
patients with symptomatic heart failure and iron deficiency. Eur Heart |
2015;36:657 —668.

. Jankowska EA, Tkaczyszyn M, Suchocki T, Drozd M, von Haehling S, Doehner

W, Banasiak W, Filippatos G, Anker SD, Ponikowski P. Effects of intravenous
iron therapy in iron-deficient patients with systolic heart failure: a meta-analysis
of randomized controlled trials. Eur | Heart Fail 2016;18:786—795.

Koroma TR, Samura SK, Cheng Y, Tang M. Effect of ivabradine on left ventricular
diastolic function, exercise tolerance and quality of life in patients with heart fail-
ure: a systemic review and meta-analysis of randomized controlled trials. Cardiol
Res 2020;11:40—49.

Volterrani M, Cice G, Caminiti G, Vitale C, D’lsa S, Perrone Filardi P,
Acquistapace F, Marazzi G, Fini M, Rosano GM. Effect of carvedilol, ivabradine or
their combination on exercise capacity in patients with heart failure (the
CARVIVA HF trial). Int | Cardiol 2011;151:218 —224.

Ekman |, Chassany O, Komajda M, Bohm M, Borer ]S, Ford |, Tavazzi L,
Swedberg K. Heart rate reduction with ivabradine and health related quality of
life in patients with chronic heart failure: results from the SHIFT study. Eur Heart
J2011;32:2395—-2404.

Sisakian H, Torgomyan A, Barkhudaryan A. The effect of trimetazidine on left
ventricular systolic function and physical tolerance in patients with ischaemic car-
diomyopathy. Acta Cardiol 2007;62:493 —499.

Gao D, Ning N, Niu X, Hao G, Meng Z. Trimetazidine: a meta-analysis of rando-
mised controlled trials in heart failure. Heart 2011;97:278 —286.

Zhang L, Lu Y, Jiang H, Zhang L, Sun A, Zou Y, Ge J. Additional use of trimetazi-
dine in patients with chronic heart failure: a meta-analysis. | Am Coll Cardiol
2012;59:913-922.

Veazie PJ, Noyes K, Li Q, Hall WJ, Buttaccio A, Thevenet-Morrison K, Moss AJ.
Cardiac resynchronization and quality of life in patients with minimally sympto-
matic heart failure. | Am Coll Cardiol 2012;60:1940—1944.

. De Marco T, Wolfel E, Feldman AM, Lowes B, Higginbotham MB, Ghali JK,

Wagoner L, Kirlin PC, Kennett |D, Goel S, Saxon LA, Boehmer JP, Mann D, Galle
E, Ecklund F, Yong P, Bristow MR. Impact of cardiac resynchronization therapy
on exercise performance, functional capacity, and quality of life in systolic heart
failure with QRS prolongation: COMPANION trial sub-study. | Card Fail
2008;14:9—-18.

Khan MN, Jais P, Cummings J, Di Biase L, Sanders P, Martin DO, Kautzner J, Hao S,
Themistoclakis S, Fanelli R, Potenza D, Massaro R, Wazni O, Schweikert R, Saliba
W, Wang P, Al-Ahmad A, Beheiry S, Santarelli P, StarlingRC, Dello Russo A,
Pelargonio G, Brachmann J, Schibgilla V, Bonso A, Casella M, Raviele A,
Haissaguerre M, Natale A, PABA-CHF Investigators. Pulmonary-vein isolation for
atrial fibrillation in patients with heart failure. N Engl | Med 2008;359:1778—1785.

. Marrouche NF, Brachmann ], Andresen D, Siebels ], Boersma L, Jordaens L,

Merkely B, Pokushalov E, Sanders P, Proff ], Schunkert H, Christ H, Vogt J,
Bansch D, CASTLE-AF Investigators. Catheter ablation for atrial fibrillation with
heart failure. N Engl | Med 2018;378:417 —427.



ESC Guidelines

37

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Ma Y, Bai F, Qin F, Li Y, Tu T, Sun C, Zhou S, Liu Q. Catheter ablation for treat-
ment of patients with atrial fibrillation and heart failure: a meta-analysis of
randomized controlled trials. BMC Cardiovasc Disord 2018;18:165.

Arnold SV, Chinnakondepalli KM, Spertus JA, Magnuson EA, Baron SJ, Kar S, Lim
DS, Mishell JM, Abraham WT, Lindenfeld JA, Mack MJ, Stone GW, Cohen DJ,
COAPT Investigators. Health status after transcatheter mitral-valve repair in
heart failure and secondary mitral regurgitation: COAPT trial. | Am Coll Cardiol
2019;73:2123-2132.

lliadis C, Lee S, Kuhr K, Metze C, Matzik AS, Michels G, Rudolph V, Baldus S,
Pfister R. Functional status and quality of life after transcatheter mitral valve
repair: a prospective cohort study and systematic review. Clin Res Cardiol
2017;106:1005—1017.

Puls M, Lubos E, Boekstegers P, von Bardeleben RS, Ouarrak T, Butter C, Zuern
CS, Bekeredjian R, Sievert H, Nickenig G, Eggebrecht H, Senges |, Schillinger W.
One-year outcomes and predictors of mortality after MitraClip therapy in con-
temporary clinical practice: results from the German transcatheter mitral valve
interventions registry. Eur Heart | 2016;37:703—712.

Maisano F, Franzen O, Baldus S, Schafer U, Hausleiter J, Butter C, Ussia GP,
Sievert H, Richardt G, Widder JD, Moccetti T, Schillinger W. Percutaneous
mitral valve interventions in the real world: early and 1-year results from the
ACCESS-EU, a prospective, multicenter, nonrandomized post-approval study of
the MitraClip therapy in Europe. | Am Coll Cardiol 2013;62:1052—1061.

Abraham WT, Kuck KH, Goldsmith RL, Lindenfeld J, Reddy VY, Carson PE,
Mann DL, Saville B, Parise H, Chan R, Wiegn P, Hastings JL, Kaplan AJ, Edelmann
F, Luthje L, Kahwash R, Tomassoni GF, Gutterman DD, Stagg A, Burkhoff D,
Hasenfuss G. A randomized controlled trial to evaluate the safety and efficacy of
cardiac contractility modulation. JACC Heart Fail 2018;6:874 —883.

Anker SD, Borggrefe M, Neuser H, Ohlow MA, Roger S, Goette A, Remppis BA,
Kuck KH, Najarian KB, Gutterman DD, Rousso B, Burkhoff D, Hasenfuss G.
Cardiac contractility modulation improves long-term survival and hospitalizations
in heart failure with reduced ejection fraction. Eur | Heart Fail
2019;21:1103-1113.

Muller D, Remppis A, Schauerte P, Schmidt-Schweda S, Burkhoff D, Rousso B,
Gutterman D, Senges J, Hindricks G, Kuck KH. Clinical effects of long-term car-
diac contractility modulation (CCM) in subjects with heart failure caused by left
ventricular systolic dysfunction. Clin Res Cardiol 2017;106:893 —904.

Zile MR, Lindenfeld J, Weaver FA, Zannad F, Galle E, Rogers T, Abraham WT.
Baroreflex activation therapy in patients with heart failure with reduced ejection
fraction. / Am Coll Cardiol 2020;76:1—13.

Halbach M, Abraham WT, Butter C, Ducharme A, Klug D, Little WC, Reuter H,
Schafer JE, Senni M, Swarup V, Wachter R, Weaver FA, Wilks §J, Zile MR,
Muller-Ehmsen J. Baroreflex activation therapy for the treatment of heart failure
with reduced ejection fraction in patients with and without coronary artery dis-
ease. Int | Cardiol 2018;266:187 —192.

Abraham WT, Zile MR, Weaver FA, Butter C, Ducharme A, Halbach M, Klug D,
Lovett EG, Muller-Ehmsen ], Schafer JE, Senni M, Swarup V, Wachter R, Little
WC. Baroreflex activation therapy for the treatment of heart failure with a
reduced ejection fraction. JACC Heart Fail 2015;3:487 —496.

Fudim M, Spector AR, Costanzo MR, Pokorney SD, Mentz R], Jagielski D,
Augostini R, Abraham WT, Ponikowski PP, McKane SW, Piccini JP. Phrenic nerve
stimulation for the treatment of central sleep apnea: a pooled cohort analysis. |
Clin Sleep Med 2019;15:1747—1755.

Costanzo MR, Ponikowski P, Coats A, Javaheri S, Augostini R, Goldberg LR,
Holcomb R, Kao A, Khayat RN, Oldenburg O, Stellbrink C, McKane S, Abraham
WT, remedé System Pivotal Trial Study Group. Phrenic nerve stimulation to
treat patients with central sleep apnoea and heart failure. Eur | Heart Fail
2018;20:1746 —1754.

Jagielski D, Ponikowski P, Augostini R, Kolodziej A, Khayat R, Abraham WT.
Transvenous stimulation of the phrenic nerve for the treatment of central sleep
apnoea: 12 months’ experience with the remedé® System. Eur | Heart Fail
2016;18:1386—1393.

Emin A, Rogers CA, Banner NR, Steering Group, UK Cardiothoracic Transplant
Audit. Quality of life of advanced chronic heart failure: medical care, mechanical
circulatory  support and transplantation. Eur |  Cardiothorac  Surg
2016;50:269—273.

Modica M, Minotti A, De Maria R, Scaglione A, Bordoni B, Cipriani M, Russo C,
Racca V, Ferratini M. Coping, mood, quality of life, and outcomes in recipients of
left ventricular assist devices: a cluster analysis. Psychosom Med 2019;81:192—199.
Tackmann E, Dettmer S. Health-related quality of life in adult heart-transplant
recipients-a systematic review. Herz 2020;45:475—482.

. Grigioni F, Specchia S, Maietta P, Potena L, Bacchi-Reggiani ML, Ghetti G, Boriani

G, Foschi E, Corazza |, lonico T, Magnani G, Zannoli R, Tentoni C, Branzi A.
Changes in exercise capacity induced by heart transplantation: prognostic and
therapeutic implications. Scand | Med Sci Sports 2011;21:519—525.

Leung TC, Ballman KV, Allison TG, Wagner JA, Olson LJ, Frantz RP, Edwards BS,
Dearani JA, Daly RC, McGregor CG, Rodeheffer R]. Clinical predictors of

5

w

54.

55.

5

o

57.

5

[oc]

59.

60.

6

N

6

N

6

w

64.

6

(O

66.

67.

6

[oc]

6

el

7!

o

exercise capacity 1 year after cardiac transplantation. | Heart Lung Transplant
2003;22:16—-27.

. Bjarnason-Wehrens B, Nebel R, Jensen K, Hackbusch M, Grilli M, Gielen S,

Schwaab B, Rauch B, German Society of Cardiovascular Prevention and
Rehabilitation. Exercise-based cardiac rehabilitation in patients with reduced left
ventricular ejection fraction: the Cardiac Rehabilitation Outcome Study in Heart
Failure (CROS-HF): a systematic review and meta-analysis. Eur | Prev Cardiol
2020;27:929—-952.

Flynn KE, Pina IL, Whellan D), Lin L, Blumenthal JA, Ellis S}, Fine LJ, Howlett ]G,
Keteyian §J, Kitzman DW, Kraus WE, Miller NH, Schulman KA, Spertus JA,
O’Connor CM, Weinfurt KP, HF-ACTION Investigators. Effects of exercise
training on health status in patients with chronic heart failure: HF-ACTION
randomized controlled trial. JAMA 2009;301:1451—1459.

O’Connor CM, Whellan D), Lee KL, Keteyian S}, Cooper LS, Ellis SJ, Leifer ES,
Kraus WE, Kitzman DW, Blumenthal JA, Rendall DS, Miller NH, Fleg JL,
Schulman KA, McKelvie RS, Zannad F, Pina IL, HF-ACTION Investigators.
Efficacy and safety of exercise training in patients with chronic heart failure: HF-
ACTION randomized controlled trial. JAMA 2009;301:1439 —1450.

. Taylor RS, Sagar VA, Davies EJ, Briscoe S, Coats AJ, Dalal H, Lough F, Rees K,

Singh S. Exercise-based rehabilitation for heart failure. Cochrane Database Syst Rev
2014;2014:CD003331.

McAlister FA, Stewart S, Ferrua S, McMurray JJ. Multidisciplinary strategies for
the management of heart failure patients at high risk for admission: a systematic
review of randomized trials. | Am Coll Cardiol 2004;44:810—819.

. Feltner C, Jones CD, Cene CW, Zheng ZJ, Sueta CA, Coker-Schwimmer EJ,

Arvanitis M, Lohr KN, Middleton JC, Jonas DE.Transitional care interventions to
prevent readmissions for persons with heart failure: a systematic review and
meta-analysis. Ann Intern Med 2014;160:774 —784.

Rogers |G, Patel CB, Mentz R}, Granger BB, Steinhauser KE, Fiuzat M, Adams PA,
Speck A, Johnson KS, Krishnamoorthy A, Yang H, Anstrom K], Dodson GC, Taylor
DH Jr, Kirchner JL, Mark DB, O’Connor CM, Tulsky JA. Palliative care in heart failure:
the PAL-HF randomized, controlled clinical trial. | Am Coll Cardiol 2017;70:331—341.
Wong FK, Ng AY, Lee PH, Lam PT, Ng JS, Ng NH, Sham MM. Effects of a transi-
tional palliative care model on patients with end-stage heart failure: a randomised
controlled trial. Heart 2016;102:1100—1108.

. Cheng RK, Cox M, Neely ML, Heidenreich PA, Bhatt DL, Eapen ZJ, Hernandez

AF, Butler J, Yancy CW, Fonarow GC. Outcomes in patients with heart failure
with preserved, borderline, and reduced ejection fraction in the Medicare popu-
lation. Am Heart | 2014;168:721—730.

. Fonarow GC, Stough WG, Abraham WT, Albert NM, Gheorghiade M,

Greenberg BH, O’Connor CM, Sun JL, Yancy CW, Young |B, OPTIMIZE-HF
Investigators Hospitals. Characteristics, treatments, and outcomes of patients
with preserved systolic function hospitalized for heart failure: a report from the
OPTIMIZE-HF Registry. | Am Coll Cardiol 2007;50:768—777.

. Koh AS, Tay WT, Teng THK, Vedin O, Benson L, Dahlstrom U, Savarese G, Lam

CSP, Lund LH. A comprehensive population-based characterization of heart fail-
ure with mid-range ejection fraction. Eur | Heart Fail 2017;19:1624—1634.
Chioncel O, Lainscak M, Seferovic PM, Anker SD, Crespo-Leiro MG, Harjola VP,
Parissis J, Laroche C, Piepoli MF, Fonseca C, Mebazaa A, Lund L, Ambrosio GA,
Coats A, Ferrari R, Ruschitzka F, Maggioni AP, Filippatos G. Epidemiology and
one-year outcomes in patients with chronic heart failure and preserved, mid-
range and reduced ejection fraction: an analysis of the ESC Heart Failure Long-
Term Registry. Eur | Heart Fail 2017;49:1574—1585.

. Rickenbacher P, Kaufmann BA, Maeder MT, Bernheim A, Goetschalckx K, Pfister

O, Pfisterer M, Brunner-La Rocca HP. Heart failure with mid-range ejection frac-
tion: a distinct clinical entity? Insights from the Trial of Intensified versus standard
Medical therapy in Elderly patients with Congestive Heart Failure (TIME-CHF).
Eur | Heart Fail 2017;19:1586 —1596.

Tsuji K, Sakata Y, Nochioka K, Miura M, Yamauchi T, Onose T, Abe R, Oikawa
T, Kasahara S, Sato M, Shiroto T, Takahashi J, Miyata S, Shimokawa H, CHART-2
Investigators. Characterization of heart failure patients with mid-range left ven-
tricular ejection fraction-a report from the CHART-2 Study. Eur | Heart Fail
2017;19:1258—1269.

Abdul-Rahim AH, Shen L, Rush CJ, Jhund PS, Lees KR, McMurray ]}V, VICCTA-
Heart Failure Collaborators. Effect of digoxin in patients with heart failure and
mid-range (borderline) left ventricular ejection fraction. Eur | Heart Fail
2018;20:1139—1145.

. Cleland JG, Tendera M, Adamus }, Freemantle N, Polonski L, Taylor ], PEP-CHF

Investigators. The perindopril in elderly people with chronic heart failure (PEP-
CHF) study. Eur Heart | 2006;27:2338—2345.

. Massie BM, Carson PE, McMurray J), Komajda M, McKelvie R, Zile MR, Anderson

S, Donovan M, Iverson E, Staiger C, Ptaszynska A, I-PRESERVE Investigators.
Irbesartan in patients with heart failure and preserved ejection fraction. N Engl |
Med 2008;359:2456 —2467.

. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray J), Michelson

EL, Olofsson B, Ostergren ], CHARM Investigators and Committees. Effects of



38

ESC Guidelines

71.

iy

72.

73.

74.

75.

76.

77.

78.

79.

80.

8

=

82.

candesartan in patients with chronic heart failure and preserved left-ventricular
ejection fraction: the CHARM-Preserved Trial. Lancet 2003;362:777 —781.
Edelmann F, Wachter R, Schmidt AG, Kraigher-Krainer E, Colantonio C, Kamke
W, Duvinage A, Stahrenberg R, Durstewitz K, Loffler M, Dungen HD, Tschope
C, Herrmann-Lingen C, Halle M, Hasenfuss G, Gelbrich G, Pieske B, Aldo-DHF
Investigators. Effect of spironolactone on diastolic function and exercise capacity
in patients with heart failure with preserved ejection fraction: the Aldo-DHF
randomized controlled trial. JAMA 2013;309:781—791.

Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, Clausell N,
Desai AS, Diaz R, Fleg JL, Gordeev |, Harty B, Heitner JF, Kenwood CT, Lewis
EF, O’Meara E, Probstfield JL, Shaburishvili T, Shah SJ, Solomon SD, Sweitzer NK,
Yang S, McKinlay SM, TOPCAT Investigators. Spironolactone for heart failure
with preserved ejection fraction. N Engl | Med 2014;370:1383 —1392.

Ahmed A, Rich MW, Love TE, Lloyd-Jones DM, Aban IB, Colucci WS, Adams
KF, Gheorghiade M. Digoxin and reduction in mortality and hospitalization in
heart failure: a comprehensive post hoc analysis of the DIG trial. Eur Heart |
2006;27:178—186.

Solomon SD, Zile M, Pieske B, Voors A, Shah A, Kraigher-Krainer E, Shi V,
Bransford T, Takeuchi M, Gong J, Lefkowitz M, Packer M, McMurray J}, Prospective
comparison of ARNI with ARB on Management Of heart failUre with preserved
ejectioN fracTion (PARAMOUNT) Investigators. The angiotensin receptor neprily-
sin inhibitor LCZ696 in heart failure with preserved ejection fraction: a phase 2
double-blind randomised controlled trial. Lancet 2012;380:1387 —1395.

Redfield MM, Chen HH, Borlaug BA, Semigran M), Lee KL, Lewis G, LeWinter
MM, Rouleau JL, Bull DA, Mann DL, Deswal A, Stevenson LW, Givertz MM, Ofili
EO, O’Connor CM, Felker GM, Goldsmith SR, Bart BA, McNulty SE, Ibarra JC,
Lin G, Oh JK, Patel MR, Kim R, Tracy RP, Velazquez EJ, Anstrom K], Hernandez
AF, Mascette AM, Braunwald E, RELAX Trial. Effect of phosphodiesterase-5
inhibition on exercise capacity and clinical status in heart failure with preserved
ejection fraction: a randomized clinical trial. JAMA 2013;309:1268 —1277.
Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, Martinez F,
Packer M, Pfeffer MA, Pieske B, Redfield MM, Rouleau JL, van Veldhuisen DJ,
Zannad F, Zile MR, Desai AS, Claggett B, Jhund PS, Boytsov SA, Comin-Colet J,
Cleland J, Dungen H-D, Goncalvesova E, Katova T, Kerr Saraiva JF, Lelonek M,
Merkely B, Senni M, Shah SJ, Zhou J, Rizkala AR, Gong }, Shi VC, Lefkowitz MP,
PARAGON-HF Investigators and Committees Angiotensin—neprilysin inhibition
in heart failure with preserved ejection fraction. N Engl | Med
2019;381:1609 —1620.

Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid CM, Adamopoulos S, Albert N,
Anker SD, Atherton ], Bohm M, Butler ], Drazner MH, Michael Felker G,
Filippatos G, Fiuzat M, Fonarow GC, Gomez-Mesa JE, Heidenreich P, Imamura T,
Jankowska EA, Januzzi }, Khazanie P, Kinugawa K, Lam CSP, Matsue Y, Metra M,
OhtaniT, Francesco Piepoli M, Ponikowski P, Rosano GMC, Sakata Y, Seferovic
P, Starling RC, Teerlink JR, Vardeny O, Yamamoto K, Zhang C, Yancy J, Zieroth
S. Universal definition and classification of heart failure: a report of the Heart
Failure Society of America, Heart Failure Association of the European Society of
Cardiology, Japanese Heart Failure Society and Writing Committee of the
Universal Definition of Heart Failure: Endorsed by the Canadian Heart Failure
Society, Heart Failure Association of India, Cardiac Society of Australia and New
Zealand, and Chinese Heart Failure Association. Eur | Heart Fail
2021;23:352—-380.

Crespo-Leiro MG, Metra M, Lund LH, Milicic D, Costanzo MR, Filippatos G,
Gustafsson F, Tsui S, Barge-Caballero E, De Jonge N, Frigerio M, Hamdan R,
Hasin T, Hulsmann M, Nalbantgil S, Potena L, Bauersachs ], Gkouziouta A,
Ruhparwar A, Ristic AD, Straburzynska-Migaj E, McDonagh T, Seferovic P,
Ruschitzka F. Advanced heart failure: a position statement of the Heart Failure
Association of the European Society of Cardiology. Eur | Heart Fail
2018;20:1505—1535.

Baumwol . "I Need Help"—a mnemonic to aid timely referral in advanced heart
failure. J Heart Lung Transplant 2017;36:593 —594.

Estep JD, Starling RC, Horstmanshof DA, Milano CA, Selzman CH, Shah KB,
Loebe M, Moazami N, Long JW, Stehlik J, Kasirajan V, Haas DC, O’Connell |B,
Boyle A, Farrar DJ, Rogers JG, ROADMAP Study Investigators. Risk assessment
and comparative effectiveness of left ventricular assist device and medical man-
agement in ambulatory heart failure patients: results from the ROADMAP study.
J Am Coll Cardiol 2015;66:1747 —1761.

. Starling RC, Estep D, Horstmanshof DA, Milano CA, Stehlik ], Shah KB,

Bruckner BA, Lee S, Long JW, Selzman CH, Kasirajan V, Haas DC, Boyle A,
Chuang J, Farrar DJ, Rogers JG, ROADMAP Study Investigators. Risk assessment
and comparative effectiveness of left ventricular assist device and medical man-
agement in ambulatory heart failure patients: the ROADMAP study 2-year
results. JACC Heart Fail 2017;5:518—527.

Jorde UP, Kushwaha SS, Tatooles AJ, Naka Y, Bhat G, Long JW, Horstmanshof
DA, Kormos RL, Teuteberg J), Slaughter MS, Birks EJ, Farrar DJ, Park SJ,
HeartMate Il Clinical Investigators. Results of the destination therapy post-Food
and Drug Administration approval study with a continuous flow left ventricular

8

w

84.

85.

86.

87.

88.

89.

90.

9

=

92.

9

w

94.

95.

96.

97.

98.

assist device: a prospective study using the INTERMACS registry (Interagency
Registry for Mechanically Assisted Circulatory Support). | Am Coll Cardiol
2014,63:1751-1757.

. Miller LW, Pagani FD, Russell SD, John R, Boyle AJ, Aaronson KD, Conte }V,

Naka Y, Mancini D, Delgado RM, MacGillivray TE, Farrar DJ, Frazier OH,
HeartMate Il Clinical Investigators. Use of a continuous-flow device in patients
awaiting heart transplantation. N Engl | Med 2007;357:885—896.

Pagani FD, Miller LW, Russell SD, Aaronson KD, John R, Boyle A}, Conte }V,
Bogaev RC, MacGillivray TE, Naka Y, Mancini D, Massey HT, Chen L, Klodell
CT, Aranda JM, Moazami N, Ewald GA, Farrar D), Frazier OH, HeartMate I
Investigators. Extended mechanical circulatory support with a continuous-flow
rotary left ventricular assist device. ] Am Coll Cardiol 2009;54:312—321.

Starling RC, Naka Y, Boyle AJ, Gonzalez-Stawinski G, John R, Jorde U, Russell
SD, Conte JV, Aaronson KD, McGee EC, Jr., Cotts WG, DeNofrio D, Pham DT,
Farrar D), Pagani FD. Results of the post-U.S. Food and Drug Administration-
approval study with a continuous flow left ventricular assist device as a bridge to
heart transplantation: a prospective study using the INTERMACS (Interagency
Registry for Mechanically Assisted Circulatory Support). | Am Coll Cardiol
2011;57:1890—1898.

Starling RC, Moazami N, Silvestry SC, Ewald G, Rogers |G, Milano CA, Rame JE,
Acker MA, Blackstone EH, Ehrlinger ], Thuita L, Mountis MM, Soltesz EG, Lytle
BW, Smedira NG. Unexpected abrupt increase in left ventricular assist device
thrombosis. N Engl | Med 2014;370:33 —40.

Slaughter MS, Rogers |G, Milano CA, Russell SD, Conte ]V, Feldman D, Sun B,
Tatooles AJ, Delgado RM, 3rd, Long JW, Wozniak TC, Ghumman W, Farrar D),
Frazier OH, HeartMate Il Investigators. Advanced heart failure treated with
continuous-flow  left  ventricular  assist device. N  Engl | Med
2009;361:2241—2251.

Maltais S, Kilic A, Nathan S, Keebler M, Emani S, Ransom J, Katz N, Sheridan B,
Brieke A, Egnaczyk G, Entwistle JW, 3rd, Adamson R, Stulak ], Uriel N,
O’Connell |B, Farrar DJ, Sundareswaran KS, Gregoric |, PREVENT Study
Investigators. PREVENtion of HeartMate I Pump Thrombosis Through Clinical
Management: the PREVENT multi-center study. | Heart Lung Transplant
2017;36:1—12.

Smedira NG, Blackstone EH, Ehrlinger |, Thuita L, Pierce CD, Moazami N,
Starling RC. Current risks of HeartMate Il pump thrombosis: non-parametric
analysis of Interagency Registry for Mechanically Assisted Circulatory Support
data. | Heart Lung Transplant 2015;34:1527 —1534.

Stahovich M, Sundareswaran KS, Fox S, Hallinan W, Blood P, Chen L,
Pamboukian SV, Chinn R, Farrar DJ, Pagani FD, Blue L. Reduce driveline trauma
through stabilization and exit site management: 30 days feasibility results from
the multicenter RESIST study. ASAIO | 2016;62:240—245.

. Aaronson KD, Slaughter MS, Miller LW, McGee EC, Cotts WG, Acker MA,

Jessup ML, Gregoric ID, Loyalka P, Frazier OH, Jeevanandam V, Anderson AS,
Kormos RL, Teuteberg J, Levy WC, Naftel DC, Bittman RM, Pagani FD,
Hathaway DR, Boyce SW. Use of an intrapericardial, continuous-flow, centrifugal
pump in patients awaiting heart transplantation. Circulation 2012;425:3191—3200.
Kormos RL, McCall M, Althouse A, Lagazzi L, Schaub R, Kormos MA, Zaldonis
JA, Sciortino C, Lockard K, Kuntz N, Dunn E, Teuteberg JJ. Left ventricular assist
device malfunctions: it s than just the pump. Circulation

2017:136:1714—1725.

more

. Magruder T, Grimm JC, Crawford TC, Tedford RJ, Russell SD, Sciortino CM,

Whitman GJR, Shah AS. Survival after orthotopic heart transplantation in
patients undergoing bridge to transplantation with the HeartWare HVAD versus
the HeartMate Il. Ann Thorac Surg 2017;103:1505—1511.

Pulikottil-Jacob R, Suri G, Connock M, Kandala NB, Sutcliffe P, Maheswaran H,
Banner NR, Clarke A. Comparative cost-effectiveness of the HeartWare versus
HeartMate Il left ventricular assist devices used in the United Kingdom National
Health Service bridge-to-transplant program for patients with heart failure. |
Heart Lung Transplant 2014;33:350—358.

Rogers ]G, Pagani FD, Tatooles AJ, Bhat G, Slaughter MS, Birks EJ, Boyce SW,
Najjar SS, Jeevanandam V, Anderson AS, Gregoric ID, Mallidi H, Leadley K,
Aaronson KD, Frazier OH, Milano CA. Intrapericardial left ventricular assist
device for advanced heart failure. N Engl | Med 2017;376:451—460.

Slaughter MS, Pagani FD, McGee EC, Birks EJ, Cotts WG, Gregoric |, Howard
Frazier O, Icenogle T, Najjar SS, Boyce SW, Acker MA, John R, Hathaway DR,
Najarian KB, Aaronson KD. HeartWare ventricular assist system for bridge to
transplant: combined results of the bridge to transplant and continued access
protocol trial. | Heart Lung Transplant 2013;32:675—683.

Strueber M, Larbalestier R, Jansz P, Zimpfer D, Fiane AE, Tsui S, Simon A,
Schmitto JD, Khaghani A, Wieselthaler GM, Najarian K, Schueler S. Results of
the post-market Registry to Evaluate the HeartWare Left Ventricular Assist
System (ReVOLVE). | Heart Lung Transplant 2014;33:486 —491.

Strueber M, O'Driscoll G, Jansz P, Khaghani A, Levy WC, Wieselthaler GM.
Multicenter evaluation of an intrapericardial left ventricular assist system. | Am
Coll Cardiol 2011;57:1375—1382.



ESC Guidelines

39

99.

100,

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Mehra MR, Goldstein DJ, Uriel N, Cleveland JC Jr, Yuzefpolskaya M, Salerno C,
Walsh MN, Milano CA, Patel CB, Ewald GA, Itoh A, Dean D, Krishnamoorthy A,
Cotts WG, Tatooles AJ, Jorde UP, Bruckner BA, Estep |D, Jeevanandam V, Sayer
G, Horstmanshof D, Long JW, Gulati S, Skipper ER, O’Connell JB, Heatley G,
Sood P, Naka Y, MOMENTUM 3 Investigators. Two-year outcomes with a
magnetically levitated cardiac pump in heart failure. N Engl | Med
2018;378:1386—1395.

. Mehra MR, Naka Y, Uriel N, Goldstein DJ, Cleveland JC, Jr., Colombo PC,

Walsh MN, Milano CA, Patel CB, Jorde UP, Pagani FD, Aaronson KD, Dean
DA, McCants K, Itoh A, Ewald GA, Horstmanshof D, Long JW, Salerno C,
MOMENTUM 3 Investigators. A fully magnetically levitated circulatory pump
for advanced heart failure. N Engl | Med 2017; 376:440—450.

Heatley G, Sood P, Goldstein D, Uriel N, Cleveland |, Middlebrook D, Mehra
MR. Clinical trial design and rationale of the Multicenter Study of Maglev
Technology in Patients Undergoing Mechanical Circulatory Support Therapy
With HeartMate 3 (MOMENTUM 3) investigational device exemption clinical
study protocol. | Heart Lung Transplant 2016;35:528 —536.

Krabatsch T, Netuka I, Schmitto JD, Zimpfer D, Garbade |, Rao V, Morshuis M,
Beyersdorf F, Marasco S, Damme L, Pya Y. HeartMate 3 fully magnetically levi-
tated left ventricular assist device for the treatment of advanced heart failure —
1 year results from the CE Mark trial. | Cardiothorac Surg 2017;12:23.

Netuka I, Sood P, Pya Y, Zimpfer D, Krabatsch T, Garbade J, Rao V, Morshuis
M, Marasco S, Beyersdorf F, Damme L, Schmitto |D. Fully magnetically levitated
left ventricular assist system for treating advanced HF: a multicenter study. | Am
Coll Cardiol 2015;66:2579 —2589.

Celutkiené J, Lainscak M, Anderson L, Gayat E, Grapsa J, Harjola VP, Manka R,
Nihoyannopoulos P, Filardi PP, Vrettou R, Anker SD, Filippatos G, Mebazaa A,
Metra M, Piepoli M, Ruschitzka F, Zamorano JL, Rosano G, Seferovic P. Imaging
in patients with suspected acute heart failure: timeline approach position state-
ment on behalf of the Heart Failure Association of the European Society of
Cardiology. Eur | Heart Fail 2020;22:181—195.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, Falk V,
Gonzalez-Juanatey |R, Harjola VP, Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer P, ESC Scientific Document Group.
2016 ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure: The Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC). Developed
with the special contribution of the Heart Failure Association (HFA) of the
ESC. Eur Heart | 2016;37:2129 —2200.

Mebazaa A, Combes A, van Diepen S, Hollinger A, Katz JN, Landoni G, Hajjar
LA, Lassus J, Lebreton G, Montalescot G, Park JJ, Price S, Sionis A, Yannopolos
D, Harjola VP, Levy B, Thiele H. Management of cardiogenic shock complicating
myocardial infarction. Intensive Care Med 2018;44:760—773.

van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK, Kapur NK, Kilic A,
Menon V, Ohman EM, Sweitzer NK, Thiele H, Washam |B, Cohen MG,
American Heart Association Council on Clinical Cardiology, Council on
Cardiovascular and Stroke Nursing, Council on Quality of Care and Outcomes
Research, Mission: Lifeline. Contemporary management of cardiogenic shock: a
scientific statement from the American Heart Association. Circulation
2017;136:€232—e268.

Lawler PR, Mehra MR. Advancing from a “hemodynamic model” to a
“mechanistic disease-modifying model” of cardiogenic shock. | Heart Lung
Transplant 2018;37:1285—1288.

Furer A, Wessler |, Burkhoff D. Hemodynamics of cardiogenic shock. Interv
Cardiol Clin 2017;6:359—371.

Hongisto M, Lassus J, Tarvasmaki T, Sionis A, Tolppanen H, Lindholm MG,
Banaszewski M, Parissis ], Spinar J, Silva-Cardoso ], Carubelli V, Di Somma S,
Masip J, Harjola VP. Use of noninvasive and invasive mechanical ventilation in
cardiogenic  shock: a prospective study. Int | Cardiol
2017;230:191-197.

Thiele H, Ohman EM, de Waha-Thiele S, Zeymer U, Desch S. Management of
cardiogenic shock complicating myocardial infarction: an update 2019. Eur Heart
J2019;40:2671—2683.

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H,
Caforio ALP, Crea F, Goudevenos JA, Halvorsen S, Hindricks G, Kastrati A,
Lenzen MJ, Prescott E, Roffi M, Valgimigli M, Varenhorst C, Vranckx P,
Widimsky P, ESC Scientific Document Group 2017 ESC Guidelines for the
management of acute myocardial infarction in patients presenting with ST-
segment elevation: The Task Force for the management of acute myocardial
infarction in patients presenting with ST-segment elevation of the European
Society of Cardiology (ESC). Eur Heart | 2018;39:119—177.

Poss ], Koster J, Fuernau G, Eitel |, de Waha S, Ouarrak T, Lassus J, Harjola VP,
Zeymer U, Thiele H, Desch S. Risk stratification for patients in cardiogenic
shock after acute myocardial infarction. | Am Coll Cardiol 2017;69:1913—1920.

multicenter

114.

115.

116.

117.

118.

119.

120.

121.

12

12

124.

125.

126.

127.

128.

N

w

Thiele H, Akin |, Sandri M, Fuernau G, de Waha S, Meyer-Saraei R, Nordbeck
P, Geisler T, Landmesser U, Skurk C, Fach A, Lapp H, Piek JJ, Noc M, Goslar T,
Felix SB, Maier LS, Stepinska |, Oldroyd K, Serpytis P, Montalescot G,
Barthelemy O, Huber K, Windecker S, Savonitto S, Torremante P, Vrints C,
Schneider S, Desch S, Zeymer U, CULPRIT-SHOCK Investigators. PCl strategies
in patients with acute myocardial infarction and cardiogenic shock. N Engl | Med
2017;377:2419—-2432.

Thiele H, Desch S. CULPRIT-SHOCK (Culprit Lesion Only PCl Versus
Multivessel Percutaneous Coronary Intervention in Cardiogenic Shock): impli-
cations on guideline recommendations. Circulation 2018;137:1314—1316.

Thiele H, Akin |, Sandri M, de Waha-Thiele S, Meyer-Saraei R, Fuernau G, Eitel
I, Nordbeck P, Geisler T, Landmesser U, Skurk C, Fach A, Jobs A, Lapp H, Piek
), Noc M, Goslar T, Felix SB, Maier LS, Stepinska ], Oldroyd K, Serpytis P,
Montalescot G, Barthelemy O, Huber K, Windecker S, Hunziker L, Savonitto S,
Torremante P, Vrints C, Schneider S, Zeymer U, Desch S; CULPRIT-SHOCK
Investigators. One-year outcomes after PCl strategies in cardiogenic shock. N
Engl ] Med 2018;379:1699—1710.

Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U,
Byrne RA, Collet JP, Falk V, Head §J, Juni P, Kastrati A, Koller A, Kristensen SD,
Niebauer ], Richter DJ, Seferovic PM, Sibbing D, Stefanini GG, Windecker S,
Yadav R, Zembala MO, ESC Scientific Document Group. 2018 ESC/EACTS
Guidelines on myocardial revascularization. Eur Heart | 2019;40:87 —165.
Fuhrmann JT, Schmeisser A, Schulze MR, Wunderlich C, Schoen SP, Rauwolf T,
Weinbrenner C, Strasser RH. Levosimendan is superior to enoximone in
refractory cardiogenic shock complicating acute myocardial infarction. Crit Care
Med 2008;36:2257 —2266.

Russ MA, Prondzinsky R, Christoph A, Schlitt A, Buerke U, Soffker G, Lemm H,
Swyter M, Wegener N, Winkler M, Carter JM, Reith S, Werdan K, Buerke M.
Hemodynamic improvement following levosimendan treatment in patients with
acute myocardial infarction and cardiogenic shock. Crit Care Med
2007;35:2732—-2739.

Mebazaa A, Yilmaz MB, Levy P, Ponikowski P, Peacock WF, Laribi S, Ristic AD,
Lambrinou E, Masip J, Riley JP, McDonagh T, Mueller C, deFilippi C, Harjola VP,
Thiele H, Piepoli MF, Metra M, Maggioni A, McMurray J], Dickstein K, Damman
K, Seferovic PM, Ruschitzka F, Leite-Moreira AF, Bellou A, Anker SD, Filippatos
G. Recommendations on pre-hospital and early hospital management of acute
heart failure: a consensus paper from the Heart Failure Association of the
European Society of Cardiology, the European Society of Emergency Medicine
and the Society of Academic Emergency Medicine—short version. Eur Heart |
2015;36:1958—1966.

Miro O, Levy PD, Mockel M, Pang PS, Lambrinou E, Bueno H, Hollander JE,
Harjola VP, Diercks DB, Gray A, DiSomma S, Papa AM, Collins SP. Disposition
of emergency department patients diagnosed with acute heart failure: an inter-
national emergency medicine perspective. Eur | Emerg Med 2017;24:2—12.
Collins SP, Jenkins CA, Harrell FE, Jr., Liu D, Miller KF, Lindsell CJ, Naftilan AJ,
McPherson JA, Maron DJ, Sawyer DB, Weintraub NL, Fermann GJ, Roll SK,
Sperling M, Storrow AB. Identification of emergency department patients with
acute heart failure at low risk for 30-day adverse events: the STRATIFY deci-
sion tool. JACC Heart Fail 2015;3:737 —747.

Collins SP, Pang PS, Fonarow GC, Yancy CW, Bonow RO, Gheorghiade M. Is
hospital admission for heart failure really necessary?: the role of the emergency
department and observation unit in preventing hospitalization and rehospitaliza-
tion. / Am Coll Cardiol 2013;61:121—126.

Lee DS, Stitt A, Austin PC, Stukel TA, Schull M), Chong A, Newton GE, Lee JS,
Tu JV. Prediction of heart failure mortality in emergent care: a cohort study.
Ann Intern Med 2012;156:767—775, W-261, W-262.

Miro O, Rossello X, Gil V, Martin-Sanchez F), Llorens P, Herrero-Puente P,
Jacob ], Bueno H, Pocock S), ICA-SEMES Research Group. Predicting 30-day
mortality for patients with acute heart failure in the emergency department: a
cohort study. Ann Intern Med 2017;167:698 —705.

Miro O, Rossello X, Gil V, Martin-Sanchez FJ, Llorens P, Herrero P, Jacob J,
Lopez-Grima ML, Gil C, Lucas Imbernon FJ, Garrido JM, Perez-Dura M), Lopez-
Diez MP, Richard F, Bueno H, Pocock SJ. The usefulness of the MEESSI score
for risk stratification of patients with acute heart failure at the emergency
department. Rev Esp Cardiol (Engl Ed) 2019;72:198—207.

Woussler D, Kozhuharov N, Sabti Z, Walter |, Strebel |, Scholl L, Miro O,
Rossello X, Martin-Sanchez FJ, Pocock SJ, Nowak A, Badertscher P,
Twerenbold R, Wildi K, Puelacher C, du Fay de Lavallaz ], Shrestha S, Strauch
O, Flores D, Nestelberger T, Boeddinghaus J, Schumacher C, Goudev A, Pfister
O, Breidthardt T, Mueller C. External validation of the MEESSI acute heart fail-
ure risk score: a cohort study. Ann Intern Med 2019;170:248 —256.

Lee DS, Lee JS, Schull M), Borgundvaag B, Edmonds ML, Ivankovic M, McLeod
SL, Dreyer JF, Sabbah S, Levy PD, O’Neill T, Chong A, Stukel TA, Austin PC,
Tu JV. Prospective validation of the emergency heart failure mortality risk grade
for acute heart failure. Circulation 2019;139:1146—1156.



40

ESC Guidelines

129.

130.

13

=

132.

133.

134.

135.

136.

137.

138.

139.

140.

14

e

142.

143.

144.

145.

146.

Adler ED, Voors AA, Klein L, Macheret F, Braun OO, Urey MA, Zhu W, Sama
|, Tadel M, Campagnari C, Greenberg B, Yagil A. Improving risk prediction in
heart failure using machine learning. Eur | Heart Fail 2020;22:139—147.

Kwon JM, Kim KH, Jeon KH, Lee SE, Lee HY, Cho HJ, Choi JO, Jeon ES, Kim
MS, Kim JJ, Hwang KK, Chae SC, Baek SH, Kang SM, Choi D), Yoo BS, Kim KH,
Park HY, Cho MC, Oh BH. Artificial intelligence algorithm for predicting mor-
tality of patients with acute heart failure. PLoS One 2019;14:€0219302.

. Bonnefoy-Cudraz E, Bueno H, Casella G, De Maria E, Fitzsimons D, Halvorsen

S, Hassager C, lakobishvili Z, Magdy A, Marandi T, Mimoso J, Parkhomenko A,
Price S, Rokyta R, Roubille F, Serpytis P, Shimony A, Stepinska ], Tint D,
Trendafilova E, Tubaro M, Vrints C, Walker D, Zahger D, Zima E, Zukermann
R, Lettino M. Editor’s choice — Acute Cardiovascular Care Association position
paper on intensive cardiovascular care units: an update on their definition,
structure, organisation and function. Eur Heart | Acute Cardiovasc Care
2018;7:80—95.

Chioncel O, Ambrosy AP, Filipescu D, Bubenek S, Vinereanu D, Petris A,
Collins SP, Macarie C, Gheorghiade M, Romanian Acute Heart Failure
Syndromes Study Investigators. Patterns of intensive care unit admissions in
patients hospitalized for heart failure: insights from the RO-AHFS registry. |
Cardiovasc Med (Hagerstown) 2015;16:331—340.

Chioncel O, Mebazaa A. Characteristics of intensive care in patients hospital-
ized for heart failure in Europe. Heart Fail Clin 2015;11:647 —656.

Harjola VP, Parissis ], Brunner-La Rocca HP, Celutkiene J, Chioncel O, Collins
SP, De Backer D, Filippatos GS, Gayat E, Hill L, Lainscak M, Lassus ], Masip J,
Mebazaa A, Miro O, Mortara A, Mueller C, Mullens W, Nieminen MS, Rudiger
A, Ruschitzka F, Seferovic PM, Sionis A, Vieillard-Baron A, Weinstein JM, de
Boer RA, Crespo-Leiro MG, Piepoli M, Riley JP. Comprehensive in-hospital
monitoring in acute heart failure: applications for clinical practice and future
directions for research. A statement from the Acute Heart Failure Committee
of the Heart Failure Association (HFA) of the European Society of Cardiology
(ESC). Eur | Heart Fail 2018;20:1081—1099.

Chioncel O, Collins SP, Ambrosy AP, Pang PS, Radu RI, Antohi EL, Masip J,
Butler ], lliescu VA. Therapeutic advances in the management of cardiogenic
shock. Am | Ther 2019;26:e234 —e247.

Masip ], De Mendoza D, Planas K, Paez J, Sanchez B, Cancio B. Peripheral
venous blood gases and pulse-oximetry in acute cardiogenic pulmonary
oedema. Eur Heart | Acute Cardiovasc Care 2012;1:275—280.

Nichol AD, Egi M, Pettila V, Bellomo R, French C, Hart G, Davies A,
Stachowski E, Reade MC, Bailey M, Cooper D). Relative hyperlactatemia and
hospital mortality in critically ill patients: a retrospective multi-centre study. Crit
Care 2010;14:R25.

Njoroge JN, Cheema B, Ambrosy AP, Greene S, Collins SP, Vaduganathan M,
Mebazaa A, Chioncel O, Butler |, Gheorghiade M. Expanded algorithm for man-
aging patients with acute decompensated heart failure. Heart Fail Rev
2018;23:597—-607.

Chioncel O, Collins SP, Ambrosy AP, Pang PS, Antohi EL, lliescu VA, Maggioni
AP, Butler |, Mebazaa A. Improving postdischarge outcomes in acute heart fail-
ure. Am | Ther 2018;25:e475—e486.

Huston JH, Ferre R, Pang PS, Chioncel O, Butler J, Collins S. Optimal endpoints
of acute heart failure therapy. Am J Ther 2018;25:e465 —e474.

. Cheema B, Ambrosy AP, Kaplan RM, Senni M, Fonarow GC, Chioncel O,

Butler J, Gheorghiade M. Lessons learned in acute heart failure. Eur | Heart Fail
2018;20:630—641.

Testani JM, Chen ], McCauley BD, Kimmel SE, Shannon RP. Potential effects of
aggressive decongestion during the treatment of decompensated heart failure
on renal function and survival. Circulation 2010;122:265—272.

Metra M, Davison B, Bettari L, Sun H, Edwards C, Lazzarini V, Piovanelli B, Carubelli
V, Bugatti S, Lombardi C, Cotter G, Dei Cas L. Is worsening renal function an omi-
nous prognostic sign in patients with acute heart failure? The role of congestion and
its interaction with renal function. Circ Heart Fail 2012;5:54—62.

Breidthardt T, Weidmann ZM, Twerenbold R, Gantenbein C, Stallone F,
Rentsch K, Rubini Gimenez M, Kozhuharov N, Sabti Z, Breitenbucher D, Wildi
K, Puelacher C, Honegger U, Wagener M, Schumacher C, Hillinger P, Osswald
S, Mueller C. Impact of haemoconcentration during acute heart failure therapy
on mortality and its relationship with worsening renal function. Eur | Heart Fail
2017;19:226 —-236.

Chioncel O, Mebazaa A, Harjola VP, Coats AJ, Piepoli MF, Crespo-Leiro MG,
Laroche C, Seferovic PM, Anker SD, Ferrari R, Ruschitzka F, Lopez-Fernandez
S, Miani D, Filippatos G, Maggioni AP, ESC Heart Failure Long-Term Registry
Investigators. Clinical phenotypes and outcome of patients hospitalized for
acute heart failure: the ESC Heart Failure Long-Term Registry. Eur | Heart Fail
2017;19:1242—1254.

Chioncel O, Mebazaa A, Maggioni AP, Harjola VP, Rosano G, Laroche C,
Piepoli MF, Crespo-Leiro MG, Lainscak M, Ponikowski P, Filippatos G,
Ruschitzka F, Seferovic P, Coats AJS, Lund LH, ESC-EORP-HFA Heart Failure
Long-Term Registry Investigators. Acute heart failure congestion and perfusion

147.

148.

149.

150.

15

ey

152.

153.

154.

155.

156.

157.

158.

159.

160.

16

=

162.

status — impact of the clinical classification on in-hospital and long-term out-
comes; insights from the ESC-EORP-HFA Heart Failure Long-Term Registry.
Eur | Heart Fail 2019;21:1338—1352.

Gheorghiade M, Filippatos G, De Luca L, Burnett ]. Congestion in acute heart
failure syndromes: an essential target of evaluation and treatment. Am | Med
2006;119:53—510.

Felker GM, Cuculich PS, Gheorghiade M. The Valsalva maneuver: a bedside
“biomarker” for heart failure. Am | Med 2006;119:117 —122.

Gheorghiade M, Follath F, Ponikowski P, Barsuk JH, Blair JE, Cleland ]G,
Dickstein K, Drazner MH, Fonarow GC, Jaarsma T, Jondeau G, Sendon L,
Mebazaa A, Metra M, Nieminen M, Pang PS, Seferovic P, Stevenson LW, van
Veldhuisen D), Zannad F, Anker SD, Rhodes A, McMurray J}, Filippatos G,
European Society of Cardiology, European Society of Intensive Care Medicine.
Assessing and grading congestion in acute heart failure: a scientific statement
from the Acute Heart Failure Committee of the Heart Failure Association of
the European Society of Cardiology and endorsed by the European Society of
Intensive Care Medicine. Eur | Heart Fail 2010;12:423 —433.

Klein L. Treating hemodynamic congestion is the key to prevent heart failure
hospitalizations. JACC Heart Fail 2016;4:345—347.

. Chioncel O, Collins SP, Greene S), Ambrosy AP, Vaduganathan M, Macarie C,

Butler J, Gheorghiade M. Natriuretic peptide-guided management in heart fail-
ure. | Cardiovasc Med (Hagerstown) 2016;17:556 —568.

Gheorghiade M, Bohm M, Greene S|, Fonarow GC, Lewis EF, Zannad F,
Solomon SD, Baschiera F, Botha |, Hua TA, Gimpelewicz CR, Jaumont X,
Lesogor A, Maggioni AP, ASTRONAUT Investigators and Coordinators. Effect
of aliskiren on postdischarge mortality and heart failure readmissions among
patients hospitalized for heart failure: the ASTRONAUT randomized trial. JAMA
2013;309:1125—1135.

Vaduganathan M, Greene SJ, Fonarow GC, Voors AA, Butler J, Gheorghiade M.
Hemoconcentration-guided  diuresis in  heart failure. Am | Med
2014;127:1154—1159.

Masip J, Peacock WF, Price S, Cullen L, Martin-Sanchez FJ, Seferovic P, Maisel
AS, Miro O, Filippatos G, Vrints C, Christ M, Cowie M, Platz E, McMurray |,
DiSomma S, Zeymer U, Bueno H, Gale CP, Lettino M, Tavares M, Ruschitzka F,
Mebazaa A, Harjola VP, Mueller C, Acute Heart Failure Study Group of the
Acute Cardiovascular Care Association and the Committee on Acute Heart
Failure of the Heart Failure Association of the European Society of Cardiology.
Indications and practical approach to non-invasive ventilation in acute heart fail-
ure. Eur Heart | 2018;39:17—25.

Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter |, de
Waha A, Richardt G, Hennersdorf M, Empen K, Fuernau G, Desch S, Eitel |,
Hambrecht R, Lauer B, Bohm M, Ebelt H, Schneider S, Werdan K, Schuler G,
Intraaortic Balloon Pump in Cardiogenic Shock Il (IABP-SHOCK II) Trial
Investigators. Intra-aortic balloon counterpulsation in acute myocardial
infarction complicated by cardiogenic shock (IABP-SHOCK lI): final 12 month
results of a randomised, open-label trial. Lancet 2013;382:1638 —1645.
Pappalardo F, Schulte C, Pieri M, Schrage B, Contri R, Soeffker G, Greco T,
Lembo R, Mullerleile K, Colombo A, Sydow K, De Bonis M, Wagner F,
Reichenspurner H, Blankenberg S, Zangrillo A, Westermann D. Concomitant
implantation of Impella® on top of veno-arterial extracorporeal membrane oxy-
genation may improve survival of patients with cardiogenic shock. Eur | Heart
Fail 2017;19:404 —412.

Anderson MB, Goldstein J, Milano C, Morris LD, Kormos RL, Bhama J, Kapur
NK, Bansal A, Garcia J, Baker ]N, Silvestry S, Holman WL, Douglas PS, O’'Neill
W. Benefits of a novel percutaneous ventricular assist device for right heart fail-
ure: the prospective RECOVER RIGHT study of the Impella RP device. | Heart
Lung Transplant 2015;34:1549 —1560.

Ouweneel DM, Schotborgh ]V, Limpens ], Sjauw KD, Engstrom AE, Lagrand
WK, Cherpanath TGV, Driessen AHG, de Mol B, Henriques |PS.
Extracorporeal life support during cardiac arrest and cardiogenic shock: a sys-
tematic review and meta-analysis. Intensive Care Med 2016;42:1922—1934.
Rajagopal SK, Almond CS, Laussen PC, Rycus PT, Wypij D, Thiagarajan RR.
Extracorporeal membrane oxygenation for the support of infants, children, and
young adults with acute myocarditis: a review of the Extracorporeal Life
Support Organization registry. Crit Care Med 2010;38:382—387.

Asaumi Y, Yasuda S, Morii |, Kakuchi H, Otsuka Y, Kawamura A, Sasako Y,
Nakatani T, Nonogi H, Miyazaki S. Favourable clinical outcome in patients with
cardiogenic shock due to fulminant myocarditis supported by percutaneous
extracorporeal membrane oxygenation. Eur Heart | 2005;26:2185—2192.

. Baratto F, Pappalardo F, Oloriz T, Bisceglia C, Vergara P, Silberbauer |,

Albanese N, Cireddu M, D’Angelo G, Di Prima AL, Monaco F, Paglino G,
Radinovic A, Regazzoli D, Silvetti S, Trevisi N, Zangrillo A, Della Bella P.
Extracorporeal membrane oxygenation for hemodynamic support of ventricu-
lar tachycardia ablation. Circ Arrhythm Electrophysiol 2016;9:e004492.

Corsi F, Lebreton G, Brechot N, Hekimian G, Nieszkowska A, Trouillet JL, Luyt
CE, Leprince P, Chastre ], Combes A, Schmidt M. Life-threatening massive



ESC Guidelines

41

16

W

164.

165.

166.

167.

168.

169.

170.

17

iy

172.

173.

174.

175.

176.

177.

pulmonary embolism rescued by venoarterial-extracorporeal membrane oxy-
genation. Crit Care 2017;21:76.

. Engstrom AE, Cocchieri R, Driessen AH, Sjauw KD, Vis MM, Baan }, de Jong M,

Lagrand WK, van der Sloot JA, Tijssen JG, de Winter RJ, de Mol BA, Piek JJ,
Henriques JP. The Impella 2.5 and 5.0 devices for ST-elevation myocardial
infarction patients presenting with severe and profound cardiogenic shock: the
Academic Medical Center intensive care unit experience. Crit Care Med
2011;39:2072—-2079.

Seyfarth M, Sibbing D, Bauer |, Frohlich G, Bott-Flugel L, Byrne R, Dirschinger J,
Kastrati A, Schomig A. A randomized clinical trial to evaluate the safety and effi-
cacy of a percutaneous left ventricular assist device versus intra-aortic balloon
pumping for treatment of cardiogenic shock caused by myocardial infarction. |
Am Coll Cardiol 2008;52:1584 —1588.

Ouweneel DM, Eriksen E, Sjauw KD, van Dongen IM, Hirsch A, Packer EJ, Vis
MM, Wykrzykowska JJ, Koch KT, Baan |, de Winter R], Piek J), Lagrand WK, de
Mol BA, Tijssen |G, Henriques JP. Percutaneous mechanical circulatory support
versus intra-aortic balloon pump in cardiogenic shock after acute myocardial
infarction. | Am Coll Cardiol 2017;69:278 —287.

Schrage B, Ibrahim K, Loehn T, Werner N, Sinning JM, Pappalardo F, Pieri M,
Skurk C, Lauten A, Landmesser U, Westenfeld R, Horn P, Pauschinger M,
Eckner D, Twerenbold R, Nordbeck P, Salinger T, Abel P, Empen K, Busch MC,
Felix SB, Sieweke JT, Moller JE, Pareek N, Hill J, MacCarthy P, Bergmann MW,
Henriques JPS, Mobius-Winkler S, Schulze PC, Ouarrak T, Zeymer U,
Schneider S, Blankenberg S, Thiele H, Schafer A, Westermann D. Impella sup-
port for acute myocardial infarction complicated by cardiogenic shock.
Circulation 2019;139:1249 —1258.

Dhruva SS, Ross ]S, Mortazavi BJ, Hurley NC, Krumholz HM, Curtis JP,
Berkowitz A, Masoudi FA, Messenger JC, Parzynski CS, Ngufor C, Girotra S,
Amin AP, Shah ND, Desai NR. Association of use of an intravascular microaxial
left ventricular assist device vs intra-aortic balloon pump with in-hospital mor-
tality and major bleeding among patients with acute myocardial infarction com-
plicated by cardiogenic shock. JAMA 2020;323:734—745.

Kar B, Gregoric ID, Basra SS, Idelchik GM, Loyalka P. The percutaneous ventric-
ular assist device in severe refractory cardiogenic shock. | Am Coll Cardiol
2011;57:688—696.

Kar B, Basra SS, Shah NR, Loyalka P. Percutaneous circulatory support in car-
diogenic  shock: interventional bridge to  recovery.  Circulation
2012;125:1809—1817.

Burkhoff D, Cohen H, Brunckhorst C, O’Neill WW, TandemHeart
Investigators Group. A randomized multicenter clinical study to evaluate the
safety and efficacy of the TandemHeart percutaneous ventricular assist device
versus conventional therapy with intraaortic balloon pumping for treatment of
cardiogenic shock. Am Heart | 2006;152:469 e461-468.

. Chioncel O, Parissis J, Mebazaa A, Thiele H, Desch S, Bauersachs ], Harjola VP,

Antohi EL, Arrigo M, Gal TB, Celutkiene J, Collins SP, DeBacker D, lliescu VA,
Jankowska E, Jaarsma T, Keramida K, Lainscak M, Lund LH, Lyon AR, Masip J,
Metra M, Miro O, Mortara A, Mueller C, Mullens W, Nikolaou M, Piepoli M,
Price S, Rosano G, Vieillard-Baron A, Weinstein JM, Anker SD, Filippatos G,
Ruschitzka F, Coats AJS, Seferovic P. Epidemiology, pathophysiology and con-
temporary management of cardiogenic shock — a position statement from the
Heart Failure Association of the European Society of Cardiology. Eur | Heart
Fail 2020;22:1315—1341.

Anderson L, Askins JC, Gilbert EM, Miller RH, Keefe DL, Somberg ]C,
Freedman RA, Haft LR, Mason JW, Lessem JN. Multicenter trial of sotalol for
suppression of frequent, complex ventricular arrhythmias: a double-blind,
randomized, placebo-controlled evaluation of two doses. | Am Coll Cardiol
1986;8:752—762.

Hohnloser SH, Zabel M, Krause T, Just H. Short- and long-term antiarrhythmic
and hemodynamic effects of d,|-sotalol in patients with symptomatic ventricular
arrhythmias. Am Heart | 1992;123:1220—1224.

Connolly S, Dorian P, Roberts RS, Gent M, Bailin S, Fain ES, Thorpe K,
Champagne ], Talajic M, Coutu B, Gronefeld GC, Hohnloser SH, Optimal
Pharmacological Therapy in Cardioverter Defibrillator Patients Investigators.
Comparison of beta-blockers, amiodarone plus beta-blockers, or sotalol for
prevention of shocks from implantable cardioverter defibrillators: the OPTIC
study: a randomized trial. JAMA 2006;295:165—171.

Waldo AL, Camm AJ, deRuyter H, Friedman PL, MacNeil D), Pauls JF, Pitt B,
Pratt CM, Schwartz PJ, Veltri EP. Effect of d-sotalol on mortality in patients with
left ventricular dysfunction after recent and remote myocardial infarction. The
SWORD Investigators. Survival With Oral d-Sotalol. Lancet 1996;348:7 —12.
Deyell MW, Steinberg C, Doucette S, Parkash R, Nault I, Gray C, Essebag V,
Gardner M, Sterns LD, Healey S, Hruczkowski T, Rivard L, Leong-Sit P, Nery
PB, Sapp JL. Mexiletine or catheter ablation after amiodarone failure in the
VANISH trial. | Cardiovasc Electrophysiol 2018;29:603 —608.

Bowling CB, Sanders PW, Allman RM, Rogers W, Patel K, Aban IB, Rich MW,
Pitt B, White M, Bakris GC, Fonarow GC, Ahmed A. Effects of enalapril in

178.

179.

180.

18

=

182.

18

184.

185.

186.

187.

188.

189.

190.

191.

192.

19

194.

w

w

systolic heart failure patients with and without chronic kidney disease: insights
from the SOLVD Treatment trial. Int | Cardiol 2013;167:151—156.

Castagno D, Jhund PS, McMurray J), Lewsey D, Erdmann E, Zannad F, Remme
W]J, Lopez-Sendon L, Lechat P, Follath F, Hoglund C, Mareev V, Sadowski Z,
Seabra-Gomes RJ, Dargie HJ. Improved survival with bisoprolol in patients with
heart failure and renal impairment: an analysis of the cardiac insufficiency biso-
prolol study Il (CIBIS-II) trial. Eur | Heart Fail 2010;12:607 —616.

MERIT-HF Study Group. Effect of metoprolol CR/XL in chronic heart failure:
Metoprolol CR/XL Randomised Intervention Trial in Congestive Heart Failure
(MERIT-HF). Lancet 1999;353:2001—2007.

Ghali JK, Wikstrand J, Van Veldhuisen D], Fagerberg B, Goldstein S, Hjalmarson
A, Johansson P, Kjekshus J, Ohlsson L, Samuelsson O, Waagstein F, Wedel H,
MERIT-HF Study Group. The influence of renal function on clinical outcome
and response to beta-blockade in systolic heart failure: insights from
Metoprolol CR/XL Randomized Intervention Trial in Chronic HF (MERIT-HF). |
Card Fail 2009;15:310—-318.

. Cohen-Solal A, Kotecha D, van Veldhuisen D], Babalis D, Bchm M, Coats A),

Roughton M, Poole-Wilson P, Tavazzi L, Flather M, SENIORS Investigators.
Efficacy and safety of nebivolol in elderly heart failure patients with impaired
renal function: insights the SENIORS trial. Eur | Heart Fail
2009;11:872—880.

Vardeny O, Wu DH, Desai A, Rossignol P, Zannad F, Pitt B, Solomon SD, RALES
Investigators. Influence of baseline and worsening renal function on efficacy of spi-
ronolactone in patients with severe heart failure: insights from RALES
(Randomized Aldactone Evaluation Study). | Am Coll Cardiol 2012;60:2082 —2089.
Beldhuis IE, Myhre PL, Claggett B, Damman K, Fang JC, Lewis EF, O’Meara E,
Pitt B, Shah S}, Voors AA, Pfeffer MA, Solomon SD, Desai AS. Efficacy and
safety of spironolactone in patients with HFpEF and chronic kidney disease.
JACC Heart Fail 2019;7:25—32.

Zannad F, Ferreira JP, Pocock §J, Zeller C, Anker SD, Butler J, Filippatos G,
Hauske SJ, Brueckmann M, Pfarr E, Schnee ], Wanner C, Packer M. Cardiac and
kidney benefits of empagliflozin in heart failure across the spectrum of kidney
function: insights from EMPEROR-Reduced. Circulation 2021;143:310—321.
Goldenberg |, Moss AJ, McNitt S, Zareba W, Andrews ML, Hall W/, Greenberg
H, Case RB, Multicenter Automatic Defibrillator Implantation Trial lll. Relations
among renal function, risk of sudden cardiac death, and benefit of the implanted
cardiac defibrillator in patients with ischemic left ventricular dysfunction. Am |
Cardiol 2006;98:485—490.

Cleland ]G, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappenberger L,
Tavazzi L, Cardiac Resynchronization-Heart Failure Study Investigators. The
effect of cardiac resynchronization on morbidity and mortality in heart failure.
N Engl | Med 2005;352:1539 —1549.

Pitt B, Anker SD, Bushinsky DA, Kitzman DW, Zannad F, Huang IZ, PEARL-HF
Investigators. Evaluation of the efficacy and safety of RLY5016, a polymeric
potassium binder, in a double-blind, placebo-controlled study in patients with
chronic heart failure (the PEARL-HF) trial. Eur Heart | 2011;32:820—828.

Pitt B, Bakris GL, Weir MR, Freeman MW, Lainscak M, Mayo MR, Garza D,
Zawadzki R, Berman L, Bushinsky DA. Long-term effects of patiromer for
hyperkalaemia treatment in patients with mild heart failure and diabetic nephr-
opathy on angiotensin-converting enzymes/angiotensin receptor blockers:
results from AMETHYST-DN. ESC Heart Fail 2018;5:592 —602.

Agarwal R, Rossignol P, Romero A, Garza D, Mayo MR, Warren S, Ma J, White WB,
Williams B. Patiromer versus placebo to enable spironolactone use in patients with
resistant hypertension and chronic kidney disease (AMBER): a phase 2, randomised,
double-blind, placebo-controlled trial. Lancet 2019;394:1540—1550.

Rossignol P, Williams B, Mayo MR, Warren S, Arthur S, Ackourey G, White
WB, Agarwal R. Patiromer versus placebo to enable spironolactone use in
patients with resistant hypertension and chronic kidney disease (AMBER):
results in the pre-specified subgroup with heart failure. Eur | Heart Fail
2020;22:1462—1471.

Pitt B, Bushinsky DA, Kitzman DW, Ruschitzka F, Metra M, Filippatos G,
Rossignol P, Du Mond C, Garza D, Berman L, Lainscak M, Patiromer-204
Investigators. Evaluation of an individualized dose titration regimen of patiromer
to prevent hyperkalaemia in patients with heart failure and chronic kidney dis-
ease. ESC Heart Fail 2018;5:257 —266.

Ali W, Bakris G. Evolution of patiromer use: a review. Curr Cardiol Rep
2020;22:94.

Konstam MA, Gheorghiade M, Burnett JC Jr, Grinfeld L, Maggioni AP, Swedberg
K, Udelson JE, Zannad F, Cook T, Ouyang J, Zimmer C, Orlandi C, Efficacy of
Vasopressin  Antagonism in Heart Failure Outcome Study With Tolvaptan
(EVEREST) Investigators. Effects of oral tolvaptan in patients hospitalized for wor-
sening heart failure: the EVEREST Outcome Trial. JAMA 2007;297:1319—1331.
Felker GM, Mentz RJ, Cole RT, Adams KF, Egnaczyk GF, Fiuzat M, Patel CB,
Echols M, Khouri MG, Tauras JM, Gupta D, Monds P, Roberts R, O’Connor
CM. Efficacy and safety of tolvaptan in patients hospitalized with acute heart
failure. / Am Coll Cardiol 2017;69:1399 —1406.

from



42

ESC Guidelines

195.

196.

197.

Matsue Y, Ter Maaten JM, Suzuki M, Torii S, Yamaguchi S, Fukamizu S, Ono Y,
Fujii H, Kitai T, Nishioka T, Sugi K, Onishi Y, Noda M, Kagiyama N, Satoh Y,
Yoshida K, van der Meer P, Damman K, Voors AA, Goldsmith SR. Early treat-
ment with tolvaptan improves diuretic response in acute heart failure with renal
dysfunction. Clin Res Cardiol 2017;106:802—812.

Konstam MA, Kiernan M, Chandler A, Dhingra R, Mody FV, Eisen H, Haught
WH, Wagoner L, Gupta D, Patten R, Gordon P, Korr K, Fileccia R, Pressler SJ,
Gregory D, Wedge P, Dowling D, Romeling M, Konstam JM, Massaro M,
Udelson JE, SECRET of CHF Investigators, Coordinators and Committee
Members. Short-term effects of tolvaptan in patients with acute heart failure
and volume overload. | Am Coll Cardiol 2017;69:1409—1419.

Garcia-Pavia P, Rapezzi C, Adler Y, Arad M, Basso C, Brucato A, Burazor |,
Caforio ALP, Damy T, Eriksson U, Fontana M, Gillmore JD, Gonzalez-Lopez E,

198.

Grogan M, Heymans S, Imazio M, Kindermann |, Kristen AV, Maurer MS, Merlini
G, Pantazis A, Pankuweit S, Rigopoulos AG, Linhart A. Diagnosis and treatment
of cardiac amyloidosis. A position statement of the European Society of
Cardiology Working Group on Myocardial and Pericardial Diseases. Eur | Heart
Fail 2021.

Boldrini M, Cappelli F, Chacko L, Restrepo-Cordoba MA, Lopez-Sainz A,
Giannoni A, Aimo A, Baggiano A, Martinez-Naharro A, Whelan C, Quarta C,
Passino C, Castiglione V, Chubuchnyi V, Spini V, Taddei C, Vergaro G, Petrie
A, Ruiz-Guerrero L, Monivas V, Mingo-Santos S, Mirelis JG, Dominguez F,
Gonzalez-Lopez E, Perlini S, Pontone G, Gillmore ], Hawkins PN, Garcia-
Pavia P, Emdin M, Fontana M. Multiparametric echocardiography scores
for the diagnosis amyloidosis. JACC Cardiovasc Imaging
2020;13:909-920.

of cardiac



	l
	l
	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6
	tblfn7
	tblfn8
	tblfn9
	tblfn10
	tblfn11
	tblfn12
	tblfn13
	tblfn14
	tblfn15
	tblfn16
	tblfn17
	tblfn18
	tblfn19
	tblfn20
	tblfn21
	tblfn22
	tblfn23
	tblfn24
	tblfn25
	tblfn26
	tblfn27
	tblfn28
	tblfn29
	tblfn30
	l
	tblfn31
	tblfn32
	l
	tblfn33
	tblfn34
	tblfn35
	tblfn36
	tblfn37
	tblfn38
	tblfn40
	tblfn41
	l
	l
	tblfn42
	tblfn43
	tblfn44
	tblfn45
	l
	tblfn46
	tblfn47
	tblfn48
	tblfn49
	tblfn52
	tblfn50
	tblfn51
	l
	tblfn53
	tblfn553
	tblfn54
	l
	tblfn55
	l
	tblfn56
	tblfn57

