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Summary
Background: Chronic congestive heart failure is a common condition that, if untreated, markedly impairs the quality of life and is 
associated with a high risk of recurrent hospitalization and death. 

Methods: This review is based on articles retrieved by a selective search in PubMed, as well as on relevant guidelines. 

Results: Evidence-based treatment options are available only for congestive heart failure with a low ejection fraction. Pharma -
cotherapy is based on neurohumoral inhibition of the renin-angiotensin-aldosterone system and the adrenergic system. The 
prognosis of patients with this condition has been further improved recently through the introduction of combined angiotensin 
 receptor antagonists and neprilysin inhibitors. Modern implantable devices are a further component of treatment. Implantable 
defibrillators and special pacemakers for cardiac resynchronization are well established; the utility of alternative devices (baro -
reflex modulation or cardiac contractility modulation) needs to be investigated in further studies. It was recently shown that the 
catheter-based treatment of secondary mitral regurgitation with a MitraClip improves the outcome of selected patients.

Conclusion: The treatment of chronic systolic heart failure as recommended in the relevant guidelines, with drugs and implanted 
devices if indicated, can significantly improve the clinical outcome. 
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C hronic heart failure is one of the most frequent 
causes of death and reasons for hospitalization in 
industrialized  countries. If left untreated, patients 

have a poor prognosis (1). The introduction of new drugs 
and the rigorous implementation of evidence-based rec-
ommendations in the guidelines on heart failure has led to 
a reduction in recent years in mortality and frequency of 
hospitalizations in patients with heart failure and reduced 
ejection fraction (HFrEF) (2). In addition, established de-
vices such as implantable defibrillators and resynchroni -
zation therapy have improved patients‘ symptoms and 
prognosis. Newer devices are currently being investigated 
in studies or have already shown early success in smaller 
studies. The aim of this article is to provide an overview 
of current drug therapy while taking into account new 
treatment approaches as well as to outline the possibilities 
presented by various device-based treatments.
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Learning objectives
After reading this article, the reader should:

● Be familiar with the problem of the rising preva-
lence and, if left untreated, poor prognosis of the 
syndrome of heart failure

● Be able to name current drug therapies used to 
treat heart failure

● Be familiar with the most important device-based 
treatments and their indications.

Method
A selective literature search was conducted in an 
 international database (PubMed). The authors took into 
 consideration the current guidelines of the European 
Society of Cardiology (ESC) and the German Cardiac 
Society (Deutsche Gesellschaft für Kardiologie, 
DGK), as well as the German national treatment 

Prevalence
Heart failure is common:  
The prevalence of heart failure in the western 
world is approximately 1–2%.

Different types of heart failure
A distinction needs to be made between 
three different types of heart failure depending 
on left ventricular ejection fraction.
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guideline (Nationale Versorgungsleitlinie, NVL) on 
heart failure.

Epidemiology
The prevalence of heart failure in western industrial-
ized nations is around 1–2% and increases steadily with 
advancing age—from below 1% in under 55-year-olds 
to approximately 10% in over 80-year-olds (3). Due to 
changes in age structure, a significant increase in the 
prevalence of heart failure is forecast in the coming 
years—accompanied by the anticipated economic con-
sequences.

The prognosis of affected patients is poor: approxi-
mately 50% of patients diagnosed with heart failure 
die within 5 years (e1). European data from the ESC-
HF pilot study show a 17% overall mortality rate and 
44% rehospitalization rate in the first 12 months 
 following hospital stay (4).

Pharmacological  treatment approaches
A distinction is made between three different types of 
heart failure depending on left ventricular ejection frac-
tion (LVEF) (Table 1) (2). All types of heart failure are 
associated with a reduction in stroke volume and 
 cardiac output. There is differing evidence to support 
the treatment of the various types. Due to a lack of 
studies, the current ESC recommendations provide no 

clear recommendations on the treatment of patients 
with heart failure with mid-range ejection fraction 
(HFmrEF). There are analyses based only on post-hoc 
analyses from studies on HFrEF and/or HFpEF (heart 
failure with preserved ejection fraction, [diastolic heart 
failure]) using subgroup analyses of patients that are 
now classified as HFmrEF  (5). 

Furthermore, no treatment strategy in HFpEF 
 patients has shown a significant improvement in 
prognosis as yet. Other studies, particularly in relation 
to the latter, are currently underway and their results 
are eagerly awaited. In everyday routine, HFpEF pa-
tients are often prescribed the same drugs as patients 
with HFrEF, for which, however, there is no scientific 
basis, given that the evidence is neutral. Nevertheless, 
HFmrEF patients appear to benefit from beta-
 blockers and renin-angiotensin-aldosterone system 
(RAAS) blockade (5). There are clear recommen-
dations on HFrEF treatment that have been 
 demonstrated in numerous randomized studies and 
which are therefore evidence-based.

As a result of the reduced ejection fraction and 
 reduced stroke volume, a “vicious circle” is set in 
 motion (Figure 1). The goal of pharmacological 
 management of HFrEF, as well as that of some 
 devices, is to interrupt these harmful maladaptive 
 processes (e2). 

 Prognosis
The prognosis of affected patients is poor:  
Approximately 50% of patients diagnosed with heart 
failure die within 5 years.

Evidence-based treatments
Evidence-based treatments are available only for heart 
failure with reduced ejection fraction (HFrEF).

TABLE 1

Classification and frequency of the different types of heart failure according to the extent of left ventricular dysfunction*1

*1 Modified from  (2, e23)  
*2 From numerous randomized studies
ESC, European Society of Cardiology; HF, heart failure; LAE, left atrial enlargement;  
LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy

Abbrevi-
ation 

HFrEF

HFmrEF

HFpEF

Description

HF with reduced 
ejection fraction

HF with mid-range 
ejection fraction

HF with preserved 
ejection fraction

Frequency in the ESC 
Heart Failure Long 
Term Registry (e22)

59.8%

24.2%

16%

Characteristics

Symptoms

Symptoms 
± signs

Symptoms 
± signs

Symptoms 
± signs

LVEF

<40%

40–49%

≥ 50%

Other criteria

1. Elevated serum levels of natriuretic peptides
2. At least one additional criterion:
    a) Relevant structural heart disease 

(LVH and/or LAE) 
  b) Diastolic dysfunction

1. Elevated serum levels of natriuretic peptides
2. At least one additional criterion:
    a) Relevant structural heart disease  

(LVH and/or LAE)
    b) Diastolic dysfunction

Evidence-
based 
therapy 

+*2

–

–
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The basic principle here—besides treating the 
underlying cause (for example, by means of 
 revascularization or heart valve surgery)—is neuro-
humoral inhibition by means of ACE inhibitors, an-
giotensin II receptor blockers (ARB), or angiotensin 
receptor neprilysin inhibitors (ARNI), as well as 
 mineralocorticoid receptor antagonists (MRA) and 
beta-blockers. 

Numerous randomized studies have demonstrated 
the efficacy of these treatment approaches  (2).

The basis of drug therapy
Treatment with ACE inhibitors and beta-blockers has 
led to a significant improvement in the prognosis of 
heart failure patients.

What is important is to appropriately increase the 
dose to the respective target dose. A large European 
study (BIOSTAT-CHF) only recently demonstrated 
once again the prognostic relevance of appropriate 
dosing of ACE inhibitors and beta-blockers (6). ARB 
represent an alternative for patients unable to tolerate 
ACE inhibitors due to cough or angioedema. Table 2 
provides an overview of the effects of heart failure 
treatment. The treatment is supported by diuretic ther-
apy tailored to the patient‘s symptoms.

The prognostically beneficial effect of MRA is also 
established—not only in patients with severe 
 symptoms using spironolactone (NYHA III–IV [7]), 
but also in those with less severe symptoms using 
eplerenone (NYHA II [8]). According to the current 
guidelines, all patients with an LVEF ≤ 35% that re-
main symptomatic under treatment with an ACE in-
hibitor as well as a beta-blocker should receive an 
MRA (2) (Figure 2). Compared to eplerenone, spiro-
nolactone is a non-selective MRA that also activates 
progesterone and androgen receptors and can there-
fore lead to gynecomastia, impotence, and menstrual 
disorders (9). Furthermore, since the blood pressure-
lowering effect of spironolactone is stronger than that 
of eplerenone, the latter can be preferentially used in 
the case of low blood pressure.

Treatment with the direct renin inhibitor aliskiren 
is not recommended in heart failure treatment, since it 
has not been demonstrated to be superior to ACE 
 inhibitors (2, e3, e4).

Angiotensin receptor neprilysin inhibitors
Angiotensin receptor neprilysin inhibitors (ARNI) 
combine the established inhibition of the renin–angio-
tensin–aldosterone system (RAAS) with inhibition of 
the degradation of endogenously released natriuretic 
peptides.

Natriuretic peptides are released upon cardiomyo-
cyte hypertrophy and cause an increase in intracellu-
lar cyclic guanosine monophosphate (cGMP), na-
triuresis, as well as a reduction in renal renin secretion 
and a weakening of the angiotensin II-induced hyper-
trophic signal transduction in cardiomyocytes  (e5).

The only substance available in this drug group is 
the combination comprising the angiotensin II recep-
tor blocker valsartan and the neprilysin inhibitor sa-
cubitril. Neprilysin (synonym, neutral endopeptidase 
[NEP]) breaks down natriuretic peptides and various 
other vasoactive substances (for example, bradykinin, 
endothelin-1, and adrenomedullin).

The PARADIGM-HF study on patients with symp-
tomatic HFrEF (NYHA II–IV; LVEF ≤ 40%, modi-
fied during the course of the study to ≤ 35%) and 
elevated levels of natriuretic peptides, compared 
 sacubitril/valsartan therapy with treatment using the 
ACE inhibitor enalapril (10). Sacubitril/valsartan 
therapy resulted in a significant reduction in the 
 primary endpoint of cardiovascular mortality and hos-
pitalization due to heart failure (21.8% versus 26.5%). 
In addition, cardiovascular mortality (13.3% versus 
16.5%), overall mortality (17.0% versus 19.8%), and 

The basis of drug therapy
Treatment with ACE inhibitors and beta-blockers 
remains the basis of heart failure therapy.

The drug aliskiren
Aliskiren is not recommended in the treatment 
of heart failure.

FIGURE  1 

Simplified representation of the vicious circle in heart failure  ultimately responsible for the 
disease‘s poor prognosis. The aim of drug therapy as well as  device-based therapy is to stop 
or interrupt this downward spiral.

Activation of structural,  
neurohumoral,  

cellular, and molecular  
mechanisms

Worsening of  
cardiac function

Volume overload 
Sympathetic activity ↑  

Cardiac remodeling 
Inflammation

Reduced 
stroke volume
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Achieving target doses
Achieving target doses of ACE inhibitors and beta-blockers 
is prognostically relevant.

Mineralocorticoid receptor antagonists
In the case of persistent symptoms (NYHA ≥ II) 
and LVEF ≤ 35% despite ACE inhibitor and beta-blocker 
therapy, treatment should be complemented by a 
mineralocorticoid receptor antagonist.

TABLE 2

Effects and typical side effects of the various heart failure drugs*1

*1 In combination with ACE inhibitors, *2vs ACE inhibitors, *3the mentioned side effects relate to the results of the DAPA-HF study (dapagliflozin vs. placebo in addition to an existing pharmaco-
logical heart failure treatment); modified from (10, 13, 21, e24–e26, 38)

ARNI, angiotensin receptor neprilysin inhibitors; CI, confidence interval; HR, hazard ratio; MRA, mineralocorticoid receptor antagonists, NNT, number needed to treat; SGLT2, sodium-glucose 
linked transporter 2 

Drugs

ACE inhibitors   
(e25, 38)

Angiotensin 
receptor blocker  
(e25, 38)

Beta-blockers 
(e25, 38)

MRA  
(e25, 38) 

If  channel 
blockers 
(e24) 

ARNI 
 (10, e26) 

SGLT2 inhibitors 
(21)*3 

Overall 
mortality
 
 HR [95% CI]

0.84  
[0.67; 1.01]

0.89  
[0.61; 1.27]

0.58  
[0.34; 0.95]

0.58  
[0.36; 0.90]*1

0.96  
[0.87; 1.05]

0.84  
[0.76; 0.93]*2

0.83  
[0.71; 0.97]

NNT for 
 mortality 
(standardized 
for 36 months)

26

9

6

NA

35*2

22

Heart failure- 
related 
hospitalizations 
HR [95% CI]

0.52 
[0.32; 0.76]

0.53  
[0.26; 1.03]

0.45  
[0.13; 1.39]

0.36  
[0.12; 0.96]*1

0.81  
[0.73; 0.89]

0.79  
[0.71; 0.89]*2

0.70  
[0.59; 0.83]

Typical side 
effects

Impaired renal 
function, 
hyperkalemia, 
hypotension, 
cough, 
angioedema

Impaired renal 
function, 
hyperkalemia, 
hypotension

Bradycardia, 
hypotension, impaired 
peripheral perfusion, 
bronchoconstriction

Hyperkalemia, 
impaired renal function, 
hypotension (primarily 
spironolactone); gyne-
comastia, impotence, 
menstrual disorders 
(spironolactone)

Symptomatic 
bradycardia, 
impaired vision 
(phosphenes, blurred 
vision), atrial fibrillation

Impaired renal 
function, 
hyperkalemia, 
hypotension, 
angioedema

Genital infections, 
urinary tract infections, 
hypoglycemia (when 
combined with sulfonyl -
ureas or insulin), 
diabetic ketoacidosis, 
dysuria, polyuria, 
volume depletion

Typical active 
substances

Captopril

Enalapril

Lisinopril

Ramipril

Trandolapril

Candesartan

Losartan

Valsartan

Bisoprolol

Carvedilol

Metoprolol 
 succinate

Nebivolol

Eplerenone

Spironolactone

Ivabradine

Sacubitril/ 
valsartan

Dapagliflozin

Empagliflozin 

Initial daily 
dose

3 × 6.25 mg

2 × 2.5 mg

1 × 2.5–5.0

1 × 2.5 mg

1 × 0.5 mg

1 × 4–8 mg

1 × 50 mg

2 × 40 mg

1 × 1.25 mg

2 × 3.125 mg

1 × 12.5–25 mg

1 × 1.25 mg

1 × 25 mg

1 × 25 mg

2 × 5 mg

2 × 49/51 mg

1 × 10 mg

1 ×10 mg  
(increasing if 
appropriate to   
1 × 25 mg)

Target daily 
dose 

3 × 50 mg

2 × 10–20 mg

1 × 20–35 mg

1 × 10 mg

1 × 4 mg

1 × 32 mg

1 × 150 mg

2 × 160 mg

1 × 10 mg

2 × 25 mg

1 × 200 mg

1 × 10 mg

1 × 50 mg

1 × 50 mg

2 × 7.5 mg

2 × 97/103 mg

–
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heart failure-related hospitalizations (12.8% versus 
15.6%) were significantly improved (10).

Subanalyses of the study also show that sacubitril/
valsartan reduced the frequency of heart-failure– 
related rehospitalizations and significantly improved 
quality of life (e6). In addition, the rate of ventricular 
arrhythmias was lower in an observational study (e7). 
More recently, another observational study, the 
PROVE-HF trial, demonstrated a positive effect on 
cardiac remodeling (e8). The current ESC guidelines 
recommend sacubitril/valsartan for all patients (class 
IB recommendation) that would have fulfilled the in-
clusion criteria and that remain symptomatic despite 
treatment with an ACE inhibitor or ARB, a beta-
blocker, and an MRA (2) (Figure 2 and Box).

Typical side effects of sacubitril/valsartan therapy 
compared to the comparison substance in the 
 PARADIGM-HF study, enalapril, include the onset of 
(symptomatic) hypotension, whereas an elevated 
serum potassium levels as well as increased retention 
values were more often found with enalapril  (10). 

Hyperkalemia as a relevant side effect—which, 
under RAAS inhibitors, often prevents the uptitration 
of heart failure medication in clinical routine—could 
be treated in future with potassium binders such as 
patiromer. However, further studies are required here 
in order to demonstrate that patiromer is associated 
with an improvement in prognosis in the treatment of 
heart failure.

Less is more: heart rate monitoring
As a result of the reduced cardiac output due to the 
 reduced ejection fraction, the heart rate increases as a 
reflex. In heart failure patients, an elevated heart rate 
leads to less economical ventricular function and has 
been repeatedly associated with a poorer prognosis  
(e9).

Treatment with the If channel blocker ivabradine is 
able to achieve a rate reduction in patients in sinus 
rhythm without the blood pressure-lowering effect of 
beta-blockers. In the SHIFT study, treatment with 
 ivabradine, in addition to the guideline-based heart 
failure therapy including beta-blockers, resulted in:

● A significant reduction in heart failure-related hos-
pitalizations and cardiovascular mortality (hazard 
ratio [HR]: 0.82; 95% confidence interval [0.75; 
0.90]) (11) 

● An improved quality of life (e10)
● An improvement in left ventricular function and a 

reduction in left ventricular volume  (12). 
The combined primary endpoint of the SHIFT 

study was largely driven by the reduction in hospital-
izations  (Table 2). 

The current ESC guidelines (national treatment 
guideline) recommend treatment with ivabradine for 
HFrEF patients (LVEF ≤ 35%) in sinus rhythm with a 
heart rate of ≥ 70 (≥      75) beats/min that remain symp-
tomatic despite therapy with an ACE inhibitor or 
 angiotensin II receptor blocker, a beta-blocker, and a 
mineralocorticoid receptor antagonist  (2, 13) (Figure 
2).

Still unclear: the value of cardiac glycosides
Although cardiac glycosides have long been used in 
heart failure, their role is unclear and they are classified 
in the ESC guidelines as well as the German national 

Sacubitril/valsartan compared to the 
ACE inhibitor enalapril
In the PARADIGM-HF study, sacubitril/valsartan led 
to a significant reduction in mortality and hospitalization 
rates compared to the ACE inhibitor enalapril.

Heart rate monitoring
An elevated heart rate is associated with a 
poorer prognosis.

BOX 

Treatment recommendations for routine practice
● Switch ACE inhibitor to angiotensin receptor neprilysin inhibitor 

sacubitril/valsartan
When switching an ACE inhibitor to the angiotensin receptor neprilysin 
 inhibitor sacubitril/valsartan, ACE inhibitor use needs to be discontinued at 
least 36 h before the first use of sacubitril/valsartan. The background to this 
is that both substances—neprilysin and ACE—degrade bradykinin. There-
fore, in principle, the simultaneous use of ACE inhibitors and sacubitril can 
lead to an accumulation of bradykinin and, thus, to angioedema. An angio-
tensin II receptor blocker can be directly swapped for sacubitril/valsartan.

● Important to note with digoxin
Due to the narrow therapeutic range in patients with impaired renal function, 
the use of digitoxin should be preferred in this patient group, since digoxin is 
excreted primarily via the kidneys. Serum levels should be determined 4–6 
weeks following initiation of treatment with cardiac glycosides (39). In gen-
eral, doses should be lower than those commonly previously used (i.e., 
 digoxin 0.1–0.2 mg/day, digitoxin 0.05–0.07 mg/day)  (40).
Target level: Digoxin: 0.5–0.9 ng/mL 
  Digitoxin:  8–18 ng/mL

● Indication for cardiac resynchronization therapy
For the indication to cardiac resynchronization therapy, the current ESC 
guidelines on the treatment of heart failure (2) give a:
– Class I recommendation for patients with a left bundle branch block 

(LBBB) and a QRS duration of ≥ 150 ms (IA) or 130–149 ms (IB)
– Class II recommendation for patients with non-LBBB morphology  
– Class III recommendation (contraindication) for patients with a QRS 

 duration of <130 ms
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treatment guideline on heart failure as a “back-up drug” 
in advanced symptomatic heart failure under existing 
optimal drug therapy (2, 13). The only large ran -
domized study, the DIG trial (14), on digoxin in heart 
failure patients was deemed neutral, since the primary 
endpoint of overall mortality was not affected by the 
treatment; however, heart failure-related hospitali -
zations and mortality were significantly reduced. Sub-
group analyses showed a mortality benefit for patients 
with low serum digoxin levels compared to patients 
with high levels (15). A meta-analysis on the studies 
available to date on digitalis in heart failure revealed 
that treatment with digitalis reduces hospitalizations 
and improves the symptoms of heart failure (16). In 
older, multimorbid patients with reduced renal 
 function, digoxin poses the risk of accumulation and 
possible toxicity. The alternative cardiac glycoside, di-
gitoxin, is less dependent on renal function and appears 
to be beneficial in patients with reduced renal function 
(Box).

A large randomized study to investigate the role of 
digitoxin in heart failure patients in addition to a mod-
ern, up-to-date drug therapy is currently underway: 
the DIGIT-HF study  (DIGitoxin to Improve 
 ouTcomes in patients with advanced chronic Heart 
Failure, EudraCT-Nr.: 2013-005326-38) (17).

Treating comorbidities
The comorbidities of heart failure warrant particular at-
tention. For example, iron deficiency reduces physical 
capacity and is associated with a poorer prognosis (18). 
In proven iron deficiency (ferritin <100 mg/L or ferritin 
100–299 μg/L and transferrin saturation <20%), iron 
replacement therapy even in the absence of anemia led 
to improved quality of life and physical capacity (19, 
20). The current guidelines recommend intravenous 
iron therapy in symptomatic patients with heart failure 
and confirmed iron deficiency (2). The FAIR-
HF2-DZHK5 study is currently investigating the 
 prognostic effect of iron therapy on mortality and hos-
pitalizations.

The SGLT2 inhibitors (sodium-glucose linked 
transporter 2) are a highly promising drug group in 
patients with heart failure with and without diabetes 
mellitus. The 2016 ESC guideline stated that empagli-
flozin should be considered in patients with type 2 
diabetes in order to prevent or delay the onset of heart 
failure. This recommendation was recently expanded 
to include the alternative SGLT2 inhibitors canagli-
flozin and dapagliflozin (5). The results of the 
 DAPA-HF study have also been presented, showing a 

The value of cardiac glycosides
The value of cardiac glycosides in the treatment of heart 
failure has not been fully elucidated as yet; they are used 
 especially in patients with atrial fibrillation and high ventricular 
rate.

Primary prevention defibrillator implantation
In symptomatic patients with an LVEF ≤ 35% 
defibrillator implantation is recommended in order to prevent  
sudden cardiac death.

FIGURE  2

Overview of drug therapy and possible device-based therapies for heart failure with 
 reduced systolic left ventricular function (HFrEF) (modified from [2, e27]). To treat symptoms, 
diuretic therapy should be additionally used, as well as implantation of a cardioverter-
 defibrillator due to the risk of malignant cardiac arrhythmia in persistently reduced left ventricu-
lar function (LVEF <35%). In the case of intolerance due to cough, an ACE inhibitor should be 
swapped for an angiotensin receptor blocker.  
Color denotes the level of recommendation: 
green, class I recommendation; yellow, class II recommendation; 
gray, no clear level of recommendation in the 2016 ESC guidelines 
*Consider therapy 
ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor;  
BAT, baroreflex modulation therapy; CCM, cardiac contractility modulation;  
CRT, cardiac resynchronization therapy; HF, heart rate; HTx, heart transplantation;  
LBBB, left bundle branch block; LVAD, left ventricular assist device;  
LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist;  
non-LBBB, non-left bundle branch block; NYHA, New York Heart Association class

Devices

CCM/BAT*

Patient with symptomatic HFrEF

NYHA ≥ II  
LVEF ≤ 35%

Treatment with ACE inhibitors and beta-blockers

Administration of MRA

NYHA ≥ II  
LVEF ≤ 35%

ACE inhibitors/ARB 
well tolerated 

at a sufficient dose

Sinus rhythm 
HR > 70/min

QRS  
<130 ms

QRS  
≥ 130 ms

Non-LBBB LBBB

Digitalis
LVAD

HTx

In the case of persistent heart failure,  
check other therapeutic options

CRT

Check

ARNI Ivabradine
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significant reduction in mortality and heart failure-
 related hospitalizations in HFrEF patients under 
 dapagliflozin treatment irrespective of the presence of 
diabetes (HR 0.74; [0.65; 0.85]; p <0.001) (Table 2) 
(21).

Novel treatment approaches
Two new treatment approaches in chronic heart failure 
include vericiguat, a stimulator of soluble guanylatcy-
clase (sGC), and omecamtiv mecarbil, a myosine 
 activator. In the recently published VICTORIA study, 
the primary composite endpoint of death from cardio -
vascular causes and heart failure-related hospitalization 
was significantly reduced in HFrEF patients under 
vericiguat treatment (HR 0.90; [0.82; 0,98]; p = 0.02) 
(e11). For omecamtiv mecarbil, further studies are still 
required to demonstrate its value in current modern 
heart failure therapy. The results of the GALACTIC-
HF study on the relevance of omecamtiv mecarbil in 
HFrEF are expected in 2021.

Devices in the treatment of heart failure
Implantable cardioverter-defibrillators 
To avoid sudden cardiac death, primary prevention 
defibrillator therapy (implantable cardioverter-
 defibrillator [ICD]) is recommended in patients with 
LVEF  ≤ 35% despite optimized drug therapy (2, 22). 
For optimally treated patients (including cardiac resyn-
chronization therapy) with non-ischemic heart failure, 
the DANISH study showed no significant difference in 
relation to all-cause mortality (21.6% versus 23.4%; 
HR 0.87; [0.68; 1.12], p = 0.28) (23), whereas the onset 
of sudden cardiac death was significantly reduced 
(4.3% versus 8.2%; HR 0.50; [0.31; 0.82], p = 0.005). 
However, in a subgroup analysis, a significant survival 
benefit was demonstrated for patients ≤ 70 years also in 
terms of all-cause mortality (HR 0.70; [0.51; 0.96], 
p = 0.03) (24). The authors of the German national 
treatment guideline on heart failure do not infer from 
this “a specific recommendation for the use of implant-
able cardioverter-defibrillators in the primary 
 prevention indication in patients with non-ischemic 
cardiomyopathy,” but instead recommend “establishing 
an individual indication by appropriately specialized 
cardiologists” (13). In patients with advanced heart 
failure (NYHA class IV) to whom therapeutic options 
such as resynchronization therapy, a left-ventricular as-
sist device (LVAD), or transplantation are not available, 
implantation of a cardioverter-defibrillator is currently 
not recommended (22). This needs to be discussed criti-
cally with the patient and their relatives. As a bridging 

measure, i.e., as protection against malignant arrhyth-
mias during the optimization phase of drug therapy, a 
wearable defibrillator can be prescribed in the first 
months (25).

Cardiac resynchronization therapy
In patients with heart failure, a left bundle branch block 
(LBBB) causes intraventricular (between the interven-
tricular septum and the posterolateral left ventricular 
wall), as well as an interventricular (between the right 
and left ventricle) dyssynchrony. This worsens ven-
tricular remodeling, cardiac output per minute, and 
existing functional mitral insufficiency.

Cardiac resynchronization therapy (CRT) using 
specialized pacemaker systems equipped with an ad-
ditional left ventricular lead implanted in the coronary 
sinus makes it possible to resolve or reduce this 
 dyssychrony. This achieved an improvement in heart 
failure symptoms and physical capacity, as well as 
having a positive effect on cardiac remodeling (e12, 
e13, 26) and positive effects on heart failure-related 
hospitalizations and mortality (HR 0.63; [0.51; 0.77]; 
p <0.001) in the CARE-HF study (CRT) compared to 
optimal drug therapy; (HR 0.66; [0.52; 0.84]; 
p <0.001) in the MADIT-CRT study (CRT+defibril-
lator compared to ICD) (27–30). A high percentage 
(target: 98%) of LV pacing is crucial to treatment suc-
cess (2). Mortality and morbidity increase with each 
percentage decline in left ventricular stimulation  (31).

Patients with a broad QRS complex of >130 ms but 
non-LBBB morphology do not benefit from cardiac 
resynchronization therapy to the same extent in the 
large studies (28, e14, e15). However, a recently 
 conducted registry analysis found that cardiac 
 resynchronization may be beneficial in patients with a 
QRS duration of more than 180 ms irrespective of 
QRS morphology (e16). In the case of a narrow QRS 
complex (<130 ms) despite echocardiographically 
confirmed mechanical dyssynchrony, no prognostic 
improvement was conferred by cardiac resynchroni -
zation therapy—on the contrary, an excess mortality 
was seen in the cardiac resynchronization therapy arm 
(e17). This gives rise to the recommendations in the 
current ESC guidelines shown in the Box.

Devices in narrow QRS complex
Only around 20% of patients have a QRS duration of 
>120 ms (e18), meaning that cardiac resynchronization 
therapy is not indicated in the majority of HFrEF 
 patients. Since modulation of the autonomic nervous 
system by means of vagal nerve stimulation was 

Resynchronization therapy
Resynchronization therapy in patients with left bundle branch 
block significantly reduces heart-failure–related hospitali -
zations as well as cardiovascular and overall mortality.

Success of resynchronization therapy
A high percentage of LV pacing is crucial to treatment success.
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 unsuccessful (e19), baroreflex activation therapy 
(BAT) and cardiac contractility modulation (CCM) 
could represent potential alternative therapies in the 
 future for patients with a narrow QRS complex. Both 
therapies are relatively new devices for heart failure 
and could be considered for HFrEF patients with a 
 narrow QRS complex that remain symptomatic despite 
optimal guideline-compliant drug therapy. The Food 
and Drug Administration has already approved baroreflex 
activation therapy and cardiac contractility modulation 
in the USA to improve HFrEF symptoms. Hard data on 
improvement of prognosis (mortality) are currently still 
pending. The German heart failure treatment guideline 
(NVL) deems the available evidence on baroflex 
 activation therapy and cardiac contractility modulation 
as hitherto insufficient for the purposes of making 
 specific recommendations (13). Both devices currently 
play a secondary role in the clinical treatment of heart 
failure patients and are only used on the basis of 
 individual  assessments in specialized centers.

Secondary mitral regurgitation
Patients with HFrEF frequently develop secondary mi-
tral regurgitation (MR); in patients with an LVEF 
≤ 35%, mitral regurgitation of at least moderate sever-
ity was detected in 49% of cases (32). Typically, the 
valve itself is intact in secondary mitral regurgitation. 
The regurgitation is the result of an imbalance between 
the closing and tethering forces on the valve due to 
changes in left ventricular geometry (e20). The progno-
sis of patients with HFrEF worsens with increasing se-
verity of mitral regurgitation (32, e21). 

Treatment comprises optimal heart failure drug 
therapy, as well as cardiac resynchronization therapy 
where indicated (2). The value of isolated surgical 
treatment of secondary mitral regurgitation has not 
been elucidated as yet and is viewed with caution in 
the current guidelines (2). Alternatively, interven-
tional procedures have been available for some years; 
MitraClip therapy in particular is an established treat-
ment option.

In 2018, two studies were published on the value of 
MitraClip therapy of severe secondary mitral regurgi-
tation in HFrEF: The French MITRA-FR study (33) 
found no significant difference between treatment 
with MitraClip and optimal drug therapy on the 
 combined endpoint of all-cause mortality and heart 
failure-related hospitalizations following MitraClip 
therapy. In the COAPT study, on the other hand, inter-
ventional mitral valve repair conferred an improve-
ment in prognosis in selected patients with heart 

 failure (LVEF 20–50%) and moderate-to-severe 
 mitral regurgitation following previously optimized 
heart failure treatment, with a reduction in hospitali -
zations and death (34). Quality of life was also sig-
nificantly improved (35).

Possible reasons (e22) for these differing results 
could lie on the one hand in the severity of mitral re-
gurgitation, which was greater in the COAPT study. 
Another difference lay in the fact that the left ven-
tricular end-diastolic volume was higher in the 
MITRA-FR study, i.e., patients with more advanced 
heart failure and a higher degree of LV dilatation were 
included. These two studies resulted in the coining of 
the term “proportionate” as compared to “dispropor-
tionate” functional mitral regurgitation compared to 
the size of the left ventricle (36). The COAPT study 
primarily included patients with the latter, meaning 
that these patients appear more likely to benefit from 
the MitraClip intervention  (5). 

The results of the COAPT study demonstrated, for 
the first time, a significant improvement in prognosis 
as a result of interventional therapy in patients with 
severe secondary mitral regurgitation. The number 
needed to treat for mortality in this study is six. 
Therefore, the possibility of MitraClip therapy should 
be assessed in patients with HFrEF, optimal heart fail-
ure therapy, and severe secondary mitral regurgitation 
in order to improve prognosis in this group.

Implementing treatment recommendations 
in the outpatient sector
Particularly in the outpatient sector, recommendations 
on the treatment of HFrEF are not sufficiently imple-
mented in daily routine. Uptitration of heart failure 
drugs is often inadequate. Comorbidities (for example, 
COPD, depression, sleep apnea) hamper the diagnosis 
and treatment of heart failure, are often not taken into 
account, or are underestimated in terms of their prog-
nostic effect. Therapy needs to be optimized by means 
of heart failure networks made up of specialized heart 
failure practices, clinics, and supraregional centers in 
order to guarantee the best possible treatment of heart 
failure patients. The German Cardiac Society (DGK) 
certifies appropriate facilities (37). Specialized heart 
failure nurses and medical assistants play an important 
role here, as do telemedicine approaches, which are 
able to indicate overhydration early on (for example, 
CardioMEMS, a pressure sensor that is implanted in 
the pulmonary artery), and could help to promptly 
identify decompensation and prevent hospitalizations 
in the future.

Alternative device-based therapies
Alternative device-based therapies in patients with a narrow 
QRS complex comprise baroreflex activation therapy and 
cardiac contractility modulation.

MitraClip therapy
A positive effect on mortality and hospitalization rates was 
seen for MitraClip therapy in selected patients with secondary 
mitral regurgitation.
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Conclusion
Further advances have been made in the treatment of 
HFrEF in recent years and the prognosis of these 
 patients has significantly improved. In addition to the 
introduction of angiotensin receptor neprilysin in-
hibitors, new pharmacological approaches such as 
SGLT2 inhibitors and sGC activators, as well as novel 
devices, are showing promise.
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Question 1
How high is the prevalence of heart failure 
in over 80-year-olds?
a) 2%
b) 4%
c) 6%
d) 8%
e) 10%

Question 2
Which substance classes form the basis of 
treatment for heart failure with reduced 
ejection fraction?
a) ACE inhibitors and beta-blockers
b) Digoxin and ACE inhibitors
c) Angiotensin receptor neprilysin inhibitors and digitoxin
d) If channel blockers and beta-blockers
e) SGLT2 inhibitors (SGLT, sodium dependent glucose trans-

porter) and angiotensin receptor neprilysin inhibitors

Question 3
By what percentage can the administration of 
beta-blockers reduce overall mortality in heart failure?
a) 10%
b) 22%
c) 30%
d) 42%
e) 58%

Question 4
What is a typical side effect of 
mineralocorticoid receptor antagonists?
a) Angioedema
b) Bradycardia
c) Hyperkalemia
d) Impaired peripheral perfusion
e) Tachycardia

Question 5
Approximately how many heart failure patients require 
treatment with a mineralocorticoid receptor antagonist in 
order to prevent death within 3 years?
a)  3
b)  6
c)  9
d) 12
e) 15

Question 6
What recommendation does the national treatment 
guideline make regarding the use of implantable 
cardioverter-defibrillators?
a) Indicated in individual cases of patients with an LVEF ≤ 35% with 

non-ischemic cardiomyopathy
b) As a flanking measure in the case of moderate response to beta-blockers 

and ACE inhibitors
c) As an alternative to the use of ivabradine if sinus rhythm is present
d) Mandatory in patients with an LVEF of 35–50%
e) For use in very physically active patients

Question 7
When can a wearable defibrillator be prescribed?
a) In the case of symptomatic heart failure and preserved pump function
b) In the case of advanced (NYHA IV) heart failure and a lack of treatment 

options
c) In patients with poor compliance
d) As a bridging measure until LVEF improves or until definitive treatment with 

an implantable cardioverter-defibrillator
e) If the patient does not tolerate amiodarone and other antiarrhythmic drugs

Question 8
Which treatment option has a class I recommendation if LVEF 
remains ≤ 35% in NYHA ≥ II after use of beta-blockers, ACE 
inhibitors, and a mineralocorticoid receptor antagonist?
a) Ivabradine
b) Vericiguat
c) Angiotensin receptor neprilysin inhibitor
d) Baroreflex modulation therapy
e) Cardiac contractility modulation

Question 9
What importance is attributed to the use of cardiac glycosides 
in advanced heart failure?
a) They form an integral part of first-line therapy.
b) They can replace mineralocorticoid receptor antagonists in the case 

of intolerance.
c) They should only be used in patients that have a cardioverter-defibrillator.
d) Digoxin should be used particularly in the case of impaired renal function.
e) They are considered a back-up drug in optimal pharmacotherapy.

Question 10
What is a typical side effect of SGLT2 inhibitors?
a) Angioedema
b) AV block
c) Bronchoconstriction
d) Gynecomastia
e) Volume depletion
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