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Epidemiologie der Herzinsuffizienz

• >2-3% der Bevölkerung, 10 - 20% bei >70 Jahre alten

• Europa: >15 Millionen Patienten mit Herzinsuffizienz, Zahl steigend

• 20% Lebensrisiko für Herzinsuffizienz

McMurray JJ et al: Eur Heart J 33:1787; 2012
Dickstein K et al: Eur Heart J 29: 2388; 2006

• 5% primärer Grund für Hospitalisation

• 10% der hospitalisierten Patienten

• 2% der Gesundheitskosten (60 - 70% wegen Hospitalisationen)

• 40% der wegen Herzinsuffizienz hospitalisierten Patienten versterben  
oder werden wieder hospitalisiert innerhalb eines Jahres

• Stark eingeschränkte Lebensqualität

Bedeutung

Prävalenz
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..therapies to those with LVEF <_40%.8!13 This supports the
renaming of HFmrEF from ‘heart failure with mid-range ejection
fraction’ to ‘heart failure with mildly reduced ejection fraction’.14

• Those with symptoms and signs of HF, with evidence of
structural and/or functional cardiac abnormalities and/or raised
natriuretic peptides (NPs), and with an LVEF >_50%, have HFpEF.

The diagnosis of HFrEF, HFmrEF, and HFpEF is covered in more
detail in their respective sections (sections 5, 7, and 8, respectively).
These definitions are consistent with a recent report on the
Universal Definition of Heart Failure.15

Patients with non-CV disease, e.g. anaemia, pulmonary, renal, thy-
roid, or hepatic disease may have symptoms and signs very similar to
those of HF, but in the absence of cardiac dysfunction, they do not
fulfil the criteria for HF. However, these pathologies can coexist with
HF and exacerbate the HF syndrome.

3.2.2 Right ventricular dysfunction

Heart failure can also be a result of right ventricular (RV) dysfunc-
tion. RV mechanics and function are altered in the setting of either
pressure or volume overload.16 Although the main aetiology of
chronic RV failure is LV dysfunction-induced pulmonary hyperten-
sion, there are a number of other causes of RV dysfunction [e.g.
MI, arrhythmogenic right ventricular cardiomyopathy (ARVC), or
valve disease].17 The diagnosis is determined by a quantitative
assessment of global RV function, most commonly by echocar-
diography, using at least one of the following measurements: frac-
tional area change (FAC); tricuspid annular plane systolic
excursion (TAPSE); and Doppler tissue imaging-derived systolic S0

velocity of the tricuspid annulus. The diagnosis and management
of RV dysfunction is covered comprehensively in a recent Heart
Failure Association (HFA) position paper.18

3.2.3 Other common terminology used in heart failure

Heart failure is usually divided into two presentations: chronic heart
failure (CHF) and acute heart failure (AHF). CHF describes those
who have had an established diagnosis of HF or who have a more
gradual onset of symptoms. If CHF deteriorates, either suddenly or

slowly, the episode may be described as ‘decompensated’ HF. This
can result in a hospital admission or treatment with intravenous (i.v.)
diuretic therapy in the outpatient setting. In addition, HF can present
more acutely. Both of these are considered in the section on AHF
(section 11).

Some individuals with HF may recover completely [e.g. those due
to alcohol-induced cardiomyopathy (CMP), viral myocarditis,
Takotsubo syndrome, peripartum cardiomyopathy (PPCM), or
tachycardiomyopathy]. Other patients with LV systolic dysfunction
may show a substantial or even complete recovery of LV systolic
function after receiving drug and device therapy.

3.2.4 Terminology related to the symptomatic severity of

heart failure

The simplest terminology used to describe the severity of HF is the
New York Heart Association (NYHA) functional classification
(Table 4). However, this relies solely on symptoms and there are
many other better prognostic indicators in HF.19 Importantly,
patients with mild symptoms may still have a high risk of hospitaliza-
tion and death.20 Predicting outcome is particularly important in
advanced HF to guide selection of cardiac transplantation and device
therapies. This will be covered in detail in the section on advanced
HF (section 10).

3.3 Epidemiology and natural history of
heart failure
3.3.1 Incidence and prevalence

In developed countries, the age-adjusted incidence of HF may be fall-
ing, presumably reflecting better management of CV disease, but due
to ageing, the overall incidence is increasing.21!24 Currently, the inci-
dence of HF in Europe is about 3/1000 person-years (all age-groups)
or about 5/1000 person-years in adults.25,26 The prevalence of HF
appears to be 1!2% of adults.21,27!31 As studies only usually include
recognized/diagnosed HF cases, the true prevalence is likely to be
higher.32 The prevalence increases with age: from around 1% for
those aged <55 years to >10% in those aged 70 years or over.33!36 It

Table 3 Definition of heart failure with reduced ejection fraction, mildly reduced ejection fraction and preserved ejection
fraction

Type of HF HFrEF HFmrEF HFpEF

C
R

IT
E

R
IA

1 Symptoms ± Signsa Symptoms ± Signsa Symptoms ± Signsa

2 LVEF <_40% LVEF 41!49%b LVEF >_50%

3 ! ! Objective evidence of cardiac structural and/or functional

abnormalities consistent with the presence of LV diastolic

dysfunction/raised LV filling pressures, including raised natriuretic peptidesc

HF = heart failure; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejec-
tion fraction; LV = left ventricle; LVEF = left ventricular ejection fraction.
aSigns may not be present in the early stages of HF (especially in HFpEF) and in optimally treated patients.
bFor the diagnosis of HFmrEF, the presence of other evidence of structural heart disease (e.g. increased left atrial size, LV hypertrophy or echocardiographic measures of
impaired LV filling) makes the diagnosis more likely.
cFor the diagnosis of HFpEF, the greater the number of abnormalities present, the higher the likelihood of HFpEF.
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Natural Course of Heart Failure



Y

Suspected heart failure

Echocardiography

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

Y

Diagnostic algorithm for heart failure

Risk factors
Symptoms and/or signs
Abnormal ECG

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

Abnormal findings

YY

Heart failure confirmed
Define heart failure phenotype

based on LVEF measurement

≤40 %
(HFrEF)

41–49 %
(HFmrEF)

≥50 %
(HFpEF)

Determine aetiology and
commence treatmentHeart failure unlikely

Consider other diagnoses

N

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

1. Anamnese: 
 Koronare Herzkrankheit (MI, Revaskularisation) 
 Arterielle Hypertonie 
 Kardiotoxische Medikamente/Bestrahlung 
 Diuretikum-Behandlung 
 Orthopnoe / paroxysmal nächtliche Dyspnoe 
2. Untersuchung: 
 Lungenstauung 
 Beidseitige Knöchelödeme 
 Herzgeräusch 
 Halsvenenstauung 
 Lateralisierter/verbreiteter Herzspitzenstoss 
3. EKG: Jegliche Abnormität

McDonagh TA et al: Eur Heart J 2021
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(NT-pro)BNP bei Herzinsuffizienz

Hilfreich für 

- Diagnose (Ausschluss) 

- Schweregrad 

- Prognose 

- Therapiesteuerung?



Nicht-medikamentöse Massnahmen bei Herzinsuffizienz

1. Normalisierung des Körpergewichts
2. Salzrestriktion <5g/d (ESC, <3 g/d (WHO) ?

KEINE SALZEXZESSE !
3. Kontrolle der Flüssigkeitszufuhr (1.5 - 2L/d, ESC)

Bei Hyponatriämie !
4. Kontrolle der kardiovaskulären Risikofaktoren
5. Alkoholrestriktion (30g/d für Männer, 20 g/d für Frauen)

Bei Alkohol-bedingter Kardiomyopathie: Absolute Alkoholkarenz
6. Regelmässige Bewegung

Bei Dekompensation: Bettruhe



I‘ve made a diet and abstained 
from fast food and alcohol –  
in two weeks I lost 14 days.

Joe E. Lewis 
comedian / singer in the 1920's



Low sodium versus normal sodium diets in systolic heart failure

Readmission for heart failure

Mortality

DiNicolantonio JJ et al Heart 1012



FRESH-UP



Nature Medicine

Article https://doi.org/10.1038/s41591-025-03628-4

loop diuretic use or in the individual components of the outcome 
(Table 3). The unmatched win ratio analysis resulted in 7.7% wins for the 
liberal fluid intake and 7.8% wins for the fluid restriction (win ratio, 0.99; 
95% CI 0.53–1.84; P = 0.97), resulting in a win odds of 1.00 (0.91–1.10; 
P = 0.97) (Extended Data Fig. 1).

Acute kidney injury occurred in 3 (1.2%) and 4 (1.6%) patients in  
the liberal fluid intake group and fluid restriction group, respectively. 
No between-group differences were observed after 3 or 6 months 
regarding changes in N-terminal pro–B-type natriuretic peptide con-
centrations (−7.0 [IQR −90.0 to 100.0] versus −1.5 [IQR −98.3 to 133.8] 
and 13.2 [IQR −84.6 to 129.6] versus 0.0 [IQR −100.0 to 137.0], respec-
tively) or weight (0.0 [IQR −1.0 to 1.2] versus 0.0 [IQR −1.1 to 1.0] and 
0.0 [IQR −2.2 to 1.0] versus 0.0 [IQR −1.3 to 1.0], respectively) (Table 3).

There was no significant difference in the observed changes  
(initiation, increases, decreases or termination) in oral loop diuretics 
or other pharmacological HF therapy during 6 months of follow-up 
(Table 3).

The per-protocol analysis revealed similar results (Extended Data 
Tables 4–6).

Subgroup analyses
The results of the pre-specified subgroup analyses demonstrate  
a consistent treatment effect on the primary outcome with the  
exception for baseline blood urea nitrogen (BUN) concentration  
(Fig. 3 and Extended Data Fig. 2).

Discussion
The FRESH-UP study is a multicenter, randomized, open-label clinical  
trial investigating the effect of a lifestyle advice of liberal fluid intake 
versus a lifestyle advice of fluid restriction up to 1,500 ml per day 
on patient-reported outcomes and safety in 504 outpatients with 
chronic HF (NYHA II and III). No significant difference in KCCQ-OSS 
was observed after 3 months, while thirst distress was significantly 
lower in the group of patients with liberal intake. There was no sign 

Table 1 | Characteristics of patients at baseline

Liberal fluid intake 
(n = 254)

Fluid restriction 
(n = 250)

Age, years 69.4 ± 10.6 69.0 ± 10.8

Male 170 (66.9) 169 (67.6)

Whitea 247 (97.2) 245 (98.0)

Quality of life

 KCCQ-OSS 76.0 [59.9–90.2] 77.7 [61.7–88.5]

 TDS-HF 15.0 [10.0–22.0] 16.0 [11.0–21.0]

 EQ-5D-5L 0.85 [0.71–0.92] 0.81 [0.70–0.91]

NYHA functional class

 II 218 (85.8) 221 (88.4)

 III 36 (14.2) 29 (11.6)

LVEF

 % 40.3 ± 10.9 40.2 ± 10.8

 HFrEF 136 (53.5) 124 (49.6)

 HFmrEF 60 (23.6) 70 (28.0)

 HFpEF 58 (22.8) 56 (22.4)

Cause of HF

 Ischemic 108 (42.5) 113 (45.2)

 Nonischemic 146 (57.5) 137 (54.8)

HF duration, years 5.0 [2.0–10.0] 4.0 [2.0–10.0]

Fluid regimen pre-study participation

 Fluid restriction up to 1,000 ml 3 (1.2) 0 (0.0)

 Fluid restriction up to 1,500 ml 43 (16.9) 46 (18.4)

  Fluid restriction up to 1,500 to 
2,000 ml

70 (27.6) 77 (30.8)

 Fluid restriction up to 2,000ml 14 (5.5)  16 (6.4)

 Liberal fluid intake 124 (48.8) 111 (44.4)

HF treatment

 RAASi 231 (90.9) 241 (96.4)

 ACEi 43 (16.9) 34 (13.6)

 ARB 40 (15.7) 38 (15.2)

 ARNI 149 (58.7) 170 (68.0)

 β-blocker 228 (89.8) 222 (88.8)

 MRA 199 (78.3) 204 (81.6)

 SGLT2i 144 (56.7) 162 (64.8)

 Loop diuretics 133 (52.4) 125 (50.0)

  Furosemide equivalent  
doses per day, mg

40 [20–60] 40 [20–60]

 Thiazides 6 (2.4) 7 (2.8)

 Digoxin 26 (10.2) 36 (14.4)

 GDMT scoreb 7.0 [5.0–8.0] 8.0 [6.0–9.0]

 ICD 80 (31.5) 92 (36.8)

 CRT 61 (24.0) 59 (23.6)

Medical history

 Atrial fibrillation or flutter 115 (45.3) 136 (54.4)

 COPD 32 (12.6) 33 (13.2)

 DM 57 (22.4) 54 (21.6)

 Hypertension 119 (46.9) 131 (52.4)

 Currently smoking 31 (12.2) 23 (9.2)

Liberal fluid intake 
(n = 254)

Fluid restriction 
(n = 250)

 BMI, kg m−2 28.4 ± 5.2 27.9 ± 4.6

 Weight, kg 86.2 ± 17.6 84.5 ± 16.6

Laboratory results

 Hemoglobin, mmol l−1 8.9 ± 0.9 9.0 ± 1.1

 Sodium, mmol l−1 139.6 ± 2.4 139.7 ± 2.5

 Potassium, mmol l−1 4.6 ± 0.4 4.5 ± 0.4

 BUN, mmol l−1 8.0 ± 3.1 8.0 ± 3.6

 eGFR, ml min−1 1.73m−2 62.0 ± 17.2 62.6 ± 17.4

 NT-proBNP, ng l−1 430.0 
[194.9–1,100.0]

507.4 
[193.5–1,300.0]

  Calculated osmolalityc, 
mosm kg−1

293.7 ± 5.7 293.2 ± 5.7

Values are given as n (%), mean ± s.d. or median [IQR]. Analysis was conducted using 
chi-squared or Fisher’s exact test and unpaired t-test or Mann–Whitney U-test, whichever 
is appropriate. ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; ARNI, angiotensin receptor–neprilysin inhibitor; BMI, body mass index; COPD, 
chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; DM, 
diabetes mellitus; eGFR, estimated GFR; GDMT, guideline-directed medical therapy; HFrEF, 
heart failure with reduced ejection fraction; HFmrEF, heart failure with mildly reduced 
ejection fraction; HFpEF, heart failure with preserved ejection fraction; ICD, implantable 
cardioverter defibrillator; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid 
receptor antagonists; NT-proBNP, N-terminal pro-B-type natriuretic peptide; RAASi, renin–
angiotensin–aldosterone system inhibitors; SGLT2i, sodium–glucose cotransporter-2 
inhibitor. aSelf-reported. bCalculated only for patients with HFrEF, HFmrEF and heart 
failure with improved ejection fraction. cCalculated as [sodium concentration] × 2 + [BUN 
concentration] + [glucose concentration].

Table 1 (continued) | Characteristics of patients at baseline

Nature Medicine

Article https://doi.org/10.1038/s41591-025-03628-4

of compromised safety when a liberal fluid intake was prescribed,  
as indicated by the absence of differences in safety events including 
mortality, (HF) hospitalizations or change in HF pharmacological 
therapy (for example, initiation or dose increase of loop diuretics).

Restriction of fluid intake is a common recommendation for 
patients with HF, but with a low level of evidence regarding both effi-
cacy and safety. Four previous studies have reported on the effects 
of solely liberal intake or fluid restriction in small study populations 
(52–87 patients), in heterogeneous settings (for example, inpatient, 
recently discharged, outpatient) with a variety of intervention methods  
(for example, fluid restriction up to 1,000, 1,500 or 2,500 ml or  

100

90
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SS

80

70

60

Baseline Month 3

Liberal fluid intake Fluid restriction

74.0
(95% CI 71.5–76.6)

72.2
(95% CI 69.6–74.7)

Adjusted mean difference 2.17 points (95% CI –0.06 to 4.39); P = 0.06

Baseline Month 3
0

Fig. 2 | Primary outcome: changes in KCCQ-OSS at 3 months. The primary 
outcome, KCCQ-OSS after 3 months, was 74.0 (95% CI 71.5 to 76.6) in the liberal 
fluid intake group (n = 242) versus 72.2 (95% CI 69.6 to 74.7) in the fluid restriction 
group (n = 233), with a mean difference after adjustment for baseline scores of 
2.17 (95% CI −0.06 to 4.39; P = 0.06). KCCQ-OSS values are unadjusted means  
(95% CI).

Table 2 | Clinical outcomes

Liberal fluid intake 
(n = 242)

Fluid restriction 
(n = 233)

P value

Primary outcome

 KCCQ-OSS 74.0 (71.5–76.6) 72.2 (69.6–74.7) 0.056a

Key secondary outcome

 TDS-HF 16.9 (15.8–18.0) 18.6 (17.5–19.6) <0.001a

Other secondary outcomes

 KCCQ-CSS 75.9 (73.4–78.4) 74.5 (71.9–77.1) 0.032a

 KCCQ-TSS 78.5 (75.9–81.1) 77.2 (74.5–79.9) 0.020a

 KCCQ-OSS (−5 to +5)b 101 (41.7) 96 (41.2) 0.19

  KCCQ-OSS  
(−5 or less)b

65 (26.9) 78 (33.5)

  KCCQ-OSS  
(+5 or more)b

76 (31.4) 59 (25.3)

 EQ-5D-5L 0.83 [0.72–0.92] 0.81 [0.70–0.89] 0.45a

(n = 240) (n = 230)

Reported fluid intake, ml 1,764 [1,488–2,156] 1,480 [1,357–1,561] <0.001

Reported fluid intake, 
ml kg−1

21.6 [17.4–26.2] 17.9 [15.4–20.6] <0.001

Clinical outcomes were assessed after 3 months. Values are given as n (%), unadjusted mean 
(95% CI) or unadjusted median [IQR]. ANCOVA, chi-squared and Mann–Whitney U-test were 
used for analysis. aBased on the adjusted mean difference tested two-sided with ANCOVA 
using baseline value as the covariate. bA change of 5 points is considered to be clinically 
important.

Table 3 | Safety outcomes and changes in medication

Liberal fluid 
intake (n = 254)

Fluid restriction 
(n = 249)

P value

Safety events

 Death 1 (0.4) 2 (0.8) 0.62

 All-cause hospitalization 20 (7.9) 15 (6.0) 0.42

 Hospitalization for HF 4 (1.6) 4 (1.6) 1.00

 Intravenous loop diuretics usage 5 (2.0) 7 (2.8) 0.54

 Acute kidney injurya 3 (1.2) 4 (1.6) 0.72

 Any changes in loop diuretics 46 (18.1) 43 (17.3) 0.81

  Furosemide equivalent doses  
per day, mg

40 [20 to 40] 40 [20 to 40] 0.43

  Composite of death, any hospitalization 
and intravenous loop diuretics

21 (8.3) 19 (7.6) 0.79

  Composite of death, HF hospitalization 
and intravenous loop diuretics

6 (2.4) 9 (3.6) 0.41

 Win ratio 0.99 (0.53 to 1.84) 0.97

 Win odds 1.00 (0.91 to 1.10) 0.97

 Net benefit −0.001 (−0.049 to 0.047) 0.97

NT-proBNP, ng l−1b

 Month 3 422.0 [173.0 to 
1,200.0]

527.2 [196.4 to 
1,411.5]

0.19

 ∆ Baseline to month 3c −7.0 [−90.0 to 
100.0]

−1.5 [−98.3 to 
133.8]

0.52

 Month 6 530.5 [185.8 to 
1,300.5]

553.8 [179.8 to 
1,425.0]

0.65

 ∆ Month 3 to month 6c 13.2 [−84.6 to 
129.6]

0.0 [−100.0 to 
137.0]

0.51

Weight, kgd

 ∆ Baseline to month 3c 0.0 [−1.0 to 1.2] 0.0 [−1.1 to 1.0] 0.39

 ∆ Month 3 to month 6c 0.0 [−2.2 to 1.0] 0.0 [−1.3 to 1.0] 0.46

Medication changes

Between baseline and month 3

 Loop diuretics any changes 21 (8.3) 23 (9.2) 0.70

  Loop diuretics dose increased or 
initiation

10 (3.9) 14 (5.6) 0.38

  Loop diuretics dose decreased or 
termination

11 (4.3) 9 (3.6) 0.68

 Any HF medication changese 48 (18.9) 49 (19.7) 0.82

Between month 3 and month 6

 Any loop diuretics changes 28 (11.0) 27 (10.8) 0.95

  Loop diuretics dose increased or 
initiation

19 (7.5) 19 (7.6) 0.95

  Loop diuretics dose decreased or 
termination

11 (4.3) 13 (5.2) 0.64

 Any HF medication changese 67 (26.4) 53 (21.3) 0.18

During study follow-up

 Loop diuretics any changes 46 (18.1) 43 (17.3) 0.81

  Loop diuretics dose increased or 
initiation

29 (11.4) 29 (11.6) 0.94

  Loop diuretics dose decreased or 
termination

20 (7.9) 22 (8.8) 0.70

 Any HF medication changese 98 (38.6) 82 (32.9) 0.19

Safety was assessed during the 6 months follow-up. Values are given as n (%), median 
[IQR] or ratio (95% CI). Analyses were conducted using chi-squared or Fisher’s exact test, 
whichever is appropriate, and Mann–Whitney U-test. aAcute kidney injury is defined as a 50% 
decline in eGFR relative to baseline, or decrease of >30 ml min−1 1.73 m−2 and to a value below 
60 ml min−1 1.73 m−2. bAvailable values at month 3 (n = 225 versus n = 224) and month 6 (n = 203 
versus n = 193). cDifferences between two timepoints in individual patients with complete 
data. dAvailable values at month 3 (n = 145 versus n = 139) and month 6 (n = 58 versus n = 66). 
eChanges in HF medication refers to changes in RAASi, beta-blockers, MRA, SGLT2i, loop and 
thiazide diuretics.

Liberal intake (1.76 L/d) Fluid restriction (1.48 L/d)
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of compromised safety when a liberal fluid intake was prescribed,  
as indicated by the absence of differences in safety events including 
mortality, (HF) hospitalizations or change in HF pharmacological 
therapy (for example, initiation or dose increase of loop diuretics).

Restriction of fluid intake is a common recommendation for 
patients with HF, but with a low level of evidence regarding both effi-
cacy and safety. Four previous studies have reported on the effects 
of solely liberal intake or fluid restriction in small study populations 
(52–87 patients), in heterogeneous settings (for example, inpatient, 
recently discharged, outpatient) with a variety of intervention methods  
(for example, fluid restriction up to 1,000, 1,500 or 2,500 ml or  
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72.2
(95% CI 69.6–74.7)

Adjusted mean difference 2.17 points (95% CI –0.06 to 4.39); P = 0.06

Baseline Month 3
0

Fig. 2 | Primary outcome: changes in KCCQ-OSS at 3 months. The primary 
outcome, KCCQ-OSS after 3 months, was 74.0 (95% CI 71.5 to 76.6) in the liberal 
fluid intake group (n = 242) versus 72.2 (95% CI 69.6 to 74.7) in the fluid restriction 
group (n = 233), with a mean difference after adjustment for baseline scores of 
2.17 (95% CI −0.06 to 4.39; P = 0.06). KCCQ-OSS values are unadjusted means  
(95% CI).

Table 2 | Clinical outcomes

Liberal fluid intake 
(n = 242)

Fluid restriction 
(n = 233)

P value

Primary outcome

 KCCQ-OSS 74.0 (71.5–76.6) 72.2 (69.6–74.7) 0.056a

Key secondary outcome

 TDS-HF 16.9 (15.8–18.0) 18.6 (17.5–19.6) <0.001a

Other secondary outcomes

 KCCQ-CSS 75.9 (73.4–78.4) 74.5 (71.9–77.1) 0.032a

 KCCQ-TSS 78.5 (75.9–81.1) 77.2 (74.5–79.9) 0.020a

 KCCQ-OSS (−5 to +5)b 101 (41.7) 96 (41.2) 0.19

  KCCQ-OSS  
(−5 or less)b

65 (26.9) 78 (33.5)

  KCCQ-OSS  
(+5 or more)b

76 (31.4) 59 (25.3)

 EQ-5D-5L 0.83 [0.72–0.92] 0.81 [0.70–0.89] 0.45a

(n = 240) (n = 230)

Reported fluid intake, ml 1,764 [1,488–2,156] 1,480 [1,357–1,561] <0.001

Reported fluid intake, 
ml kg−1

21.6 [17.4–26.2] 17.9 [15.4–20.6] <0.001

Clinical outcomes were assessed after 3 months. Values are given as n (%), unadjusted mean 
(95% CI) or unadjusted median [IQR]. ANCOVA, chi-squared and Mann–Whitney U-test were 
used for analysis. aBased on the adjusted mean difference tested two-sided with ANCOVA 
using baseline value as the covariate. bA change of 5 points is considered to be clinically 
important.

Table 3 | Safety outcomes and changes in medication

Liberal fluid 
intake (n = 254)

Fluid restriction 
(n = 249)

P value

Safety events

 Death 1 (0.4) 2 (0.8) 0.62

 All-cause hospitalization 20 (7.9) 15 (6.0) 0.42

 Hospitalization for HF 4 (1.6) 4 (1.6) 1.00

 Intravenous loop diuretics usage 5 (2.0) 7 (2.8) 0.54

 Acute kidney injurya 3 (1.2) 4 (1.6) 0.72

 Any changes in loop diuretics 46 (18.1) 43 (17.3) 0.81

  Furosemide equivalent doses  
per day, mg

40 [20 to 40] 40 [20 to 40] 0.43

  Composite of death, any hospitalization 
and intravenous loop diuretics

21 (8.3) 19 (7.6) 0.79

  Composite of death, HF hospitalization 
and intravenous loop diuretics

6 (2.4) 9 (3.6) 0.41

 Win ratio 0.99 (0.53 to 1.84) 0.97

 Win odds 1.00 (0.91 to 1.10) 0.97

 Net benefit −0.001 (−0.049 to 0.047) 0.97

NT-proBNP, ng l−1b

 Month 3 422.0 [173.0 to 
1,200.0]

527.2 [196.4 to 
1,411.5]

0.19

 ∆ Baseline to month 3c −7.0 [−90.0 to 
100.0]

−1.5 [−98.3 to 
133.8]

0.52

 Month 6 530.5 [185.8 to 
1,300.5]

553.8 [179.8 to 
1,425.0]

0.65

 ∆ Month 3 to month 6c 13.2 [−84.6 to 
129.6]

0.0 [−100.0 to 
137.0]

0.51

Weight, kgd

 ∆ Baseline to month 3c 0.0 [−1.0 to 1.2] 0.0 [−1.1 to 1.0] 0.39

 ∆ Month 3 to month 6c 0.0 [−2.2 to 1.0] 0.0 [−1.3 to 1.0] 0.46

Medication changes

Between baseline and month 3

 Loop diuretics any changes 21 (8.3) 23 (9.2) 0.70

  Loop diuretics dose increased or 
initiation

10 (3.9) 14 (5.6) 0.38

  Loop diuretics dose decreased or 
termination

11 (4.3) 9 (3.6) 0.68

 Any HF medication changese 48 (18.9) 49 (19.7) 0.82

Between month 3 and month 6

 Any loop diuretics changes 28 (11.0) 27 (10.8) 0.95

  Loop diuretics dose increased or 
initiation

19 (7.5) 19 (7.6) 0.95

  Loop diuretics dose decreased or 
termination

11 (4.3) 13 (5.2) 0.64

 Any HF medication changese 67 (26.4) 53 (21.3) 0.18

During study follow-up

 Loop diuretics any changes 46 (18.1) 43 (17.3) 0.81

  Loop diuretics dose increased or 
initiation

29 (11.4) 29 (11.6) 0.94

  Loop diuretics dose decreased or 
termination

20 (7.9) 22 (8.8) 0.70

 Any HF medication changese 98 (38.6) 82 (32.9) 0.19

Safety was assessed during the 6 months follow-up. Values are given as n (%), median 
[IQR] or ratio (95% CI). Analyses were conducted using chi-squared or Fisher’s exact test, 
whichever is appropriate, and Mann–Whitney U-test. aAcute kidney injury is defined as a 50% 
decline in eGFR relative to baseline, or decrease of >30 ml min−1 1.73 m−2 and to a value below 
60 ml min−1 1.73 m−2. bAvailable values at month 3 (n = 225 versus n = 224) and month 6 (n = 203 
versus n = 193). cDifferences between two timepoints in individual patients with complete 
data. dAvailable values at month 3 (n = 145 versus n = 139) and month 6 (n = 58 versus n = 66). 
eChanges in HF medication refers to changes in RAASi, beta-blockers, MRA, SGLT2i, loop and 
thiazide diuretics.
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Nicht-medikamentöse Massnahmen bei Herzinsuffizienz

1. Normalisierung des Körpergewichts
2. Salzrestriktion <5g/d (ESC, <3 g/d (WHO) ?

KEINE SALZEXZESSE !
3. Kontrolle der Flüssigkeitszufuhr (1.5 - 2L/d, ESC)

Bei Hyponatriämie !
4. Kontrolle der kardiovaskulären Risikofaktoren
5. Alkoholrestriktion (30g/d für Männer, 20 g/d für Frauen)

Bei Alkohol-bedingter Kardiomyopathie: Absolute Alkoholkarenz
6. Regelmässige Bewegung

Bei Dekompensation: Bettruhe





Therapie-Prinzipien bei Herzinsuffizienz

Courtesy of Otto Hess
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Neurohumorale Mechanismen der Herzinsuffizienz
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Angiotensin-Systems

ACE-Hemmer 
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Effects of neurohumoral Inhibitors on Survival 
in Heart Failure with Reduced Ejection Fraction



  
Vasorelaxation 
   Blood pressure 
   Sympathetic tone 
 Aldosterone levels 
 Fibrosis 
    Hypertrophy 
 Natriuresis/diuresis

Inactive  
fragments

Neprilysin

Natriuretic and other 
vasoactive peptides*

AT1 Receptor

Vasoconstriction 
 Blood pressure 
   Sympathetic tone 
   Aldosterone 
 Fibrosis 
 Hypertrophy

Angiotensinogen 
(liver secretion)

Ang I 

Ang II

RAAS

*Neprilysin substrates listed  in order of relative affinity for NEP: ANP, CNP, Ang II, Ang I, adrenomedullin, 
substance P, bradykinin, endothelin-1, BNP 
 Levin et al. N Engl J Med 1998;339:321–8;  Nathisuwan & Talbert. Pharmacotherapy 2002;22:27–42;  
 Schrier & Abraham N Engl J Med 2009;341:577–85; Langenickel & Dole. Drug Discov Today: Ther Strateg 2012;9:e131–9; 
 Feng et al. Tetrahedron Letters 2012;53:275–6

LCZ696

Sacubitril  
(AHU377; pro-drug)
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(NEP inhibitor)
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Mode of Action of LCZ696 (Entresto): It simultaneously inhibits NEP 
(via LBQ657) and blocks the AT1 receptor (via valsartan)
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Background
We compared the angiotensin receptor–neprilysin inhibitor LCZ696 with enalapril 
in patients who had heart failure with a reduced ejection fraction. In previous stud-
ies, enalapril improved survival in such patients.

Methods
In this double-blind trial, we randomly assigned 8442 patients with class II, III, or 
IV heart failure and an ejection fraction of 40% or less to receive either LCZ696 (at 
a dose of 200 mg twice daily) or enalapril (at a dose of 10 mg twice daily), in addi-
tion to recommended therapy. The primary outcome was a composite of death from 
cardiovascular causes or hospitalization for heart failure, but the trial was designed 
to detect a difference in the rates of death from cardiovascular causes.

Results
The trial was stopped early, according to prespecified rules, after a median follow-
up of 27 months, because the boundary for an overwhelming benefit with LCZ696 
had been crossed. At the time of study closure, the primary outcome had occurred 
in 914 patients (21.8%) in the LCZ696 group and 1117 patients (26.5%) in the 
enalapril group (hazard ratio in the LCZ696 group, 0.80; 95% confidence interval 
[CI], 0.73 to 0.87; P<0.001). A total of 711 patients (17.0%) receiving LCZ696 and 835 
patients (19.8%) receiving enalapril died (hazard ratio for death from any cause, 
0.84; 95% CI, 0.76 to 0.93; P<0.001); of these patients, 558 (13.3%) and 693 (16.5%), 
respectively, died from cardiovascular causes (hazard ratio, 0.80; 95% CI, 0.71 to 
0.89; P<0.001). As compared with enalapril, LCZ696 also reduced the risk of hospi-
talization for heart failure by 21% (P<0.001) and decreased the symptoms and 
physical limitations of heart failure (P = 0.001). The LCZ696 group had higher pro-
portions of patients with hypotension and nonserious angioedema but lower pro-
portions with renal impairment, hyperkalemia, and cough than the enalapril group.

Conclusions
LCZ696 was superior to enalapril in reducing the risks of death and of hospitaliza-
tion for heart failure. (Funded by Novartis; PARADIGM-HF ClinicalTrials.gov num-
ber, NCT01035255.)

The New England Journal of Medicine 
Downloaded from nejm.org at HAUPTBIBLIOTHEK UNIV ZUERICH on August 31, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 
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PARADIGM-HF: Primary endpoint: 
Death from CV causes or first hospitalization for HF 

Days since randomizationNo at risk 
LCZ696 4187 3922 3663 3018 2257 1544 896 249 
Enalapril 4212 3883 3579 2922 2123 1488 853 236
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Tage nach Randomisierung
Anzahl der Patienten 
LCZ696 4187 4174 4153 4140 
Enalapril 4212 4192 4166 4143
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Natriuretic peptides
BK, ADM 

Subs-P, VIP, CGRP

Angiotensin II

• Vasoconstriction
• Sodium/water retention
• Fibrosis/hypertrophy

Degradation
products

Neprilysin AT1Receptor• Vasodilation
• Natriuresis
• Diuresis
• Inhibition of pathologic 

growth/fibrosis

LCZ696

Angiotensin Receptor Neprilysin
Inhibition (ARNI): LCZ696

sacubitril valsartan

Figure 2 Mechanism of action of LCZ696 (sacubitril valsartan).
ADM, adrenomedullin; AT1, angiotensin II type 1; BK, bradykinin;
CGRP, calcitonin gene-related peptide; Subs-P, substance P; VIP,
vasoactive intestinal (poly)peptide. For possible sacubitril sub-
strates, larger font size indicates greater evidence for such an
effect in humans.

be useful in HF-REF. However, omapatrilat caused angioedema that
was quite common and sometimes life threatening. Angioedema ..
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. was relatively more frequent in patients with hypertension and led

to termination of the clinical development of this agent (and related
compounds in the class).41 Although both ACE and neprilysin
metabolize bradykinin, it had not been expected that inhibition
of both enzymes would lead to sufficient bradykinin accumulation
to cause the angioedema problem observed. As it turned out,
omapatrilat also inhibited aminopeptidase P, a third key enzyme
involved in bradykinin metabolism.42

Angiotensin receptor neprilysin
inhibition
The design of the angiotensin receptor neprilysin inhibitor (ARNI)
LCZ696 (sacubitril valsartan) allowed another test of the hypoth-
esis explored in the OVERTURE trial.43–45 However, because
LCZ696 blocked the angiotensin II type 1 receptor, rather than
ACE, and because LBQ657, the active metabolite of sacubi-
tril (AHU377), did not inhibit aminopeptidase P, the risk of
angioedema was considered to be less than with omapatrilat
(Figure 2).43–45 LCZ696 was also prescribed twice daily, ensur-
ing sustained neprilysin and renin–angiotensin system inhibition
over the 24 h period.43–46 The dose of LCZ696 (200 mg) deliv-
ering plasma levels of valsartan equivalent to 160 mg (i.e. the

Figure 3 Summary of the clinical benefits of LCZ696 (sacubitril valsartan) over enalapril. All outcomes are for patients experiencing at least
one event (recurrences of non-fatal events are not accounted for). CI, confidence interval; CV, cardiovascular; ED, emergency department;
HFH, heart failure hospitalization; HR, hazard ratio; ICU, intensive care unit. Emergency department visits are those not leading to admission.
Treatment for outpatient worsening was pre-defined as: addition of a new drug for treatment of worsening heart failure, an increase in diuretic
dose sustained for >1 month, or need for intravenous therapy.

© 2015 The Authors
European Journal of Heart Failure © 2015 European Society of Cardiology
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EMPA-REG: Primary Endpoint (CV death, nonfatal MI, nonfatal stroke) 

. 

No. of patients
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370

Placebo 2333 2256 2194 2112 1875 1380 1161 741 166
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Metformin 74% 
Insulin  48% 
RAS-I   80% 
CCB   76% 
BP  135/77 mmHg 
HbA1c  -0.54%

CV death       -38% 
Mortality       -32% 
CHF hospitalisation  -35%



SGLT2-Hemmer bei Herzinsuffizienz
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Figure 2. Cardiovascular Outcomes.

The primary outcome was a composite of death from cardiovascular causes, hospitalization for heart failure, or an urgent visit resulting in intravenous therapy for heart failure (Panel A). 
The cumulative incidences of the primary outcome, hospitalization for heart failure (Panel B), death from cardiovascular causes (Panel C), and death from any cause (Panel D) were esti-
mated with the use of the Kaplan–Meier method; hazard ratios and 95% confidence intervals were estimated with the use of Cox regression models, stratified according to diabetes sta-
tus, with a history of hospitalization for heart failure and treatment-group assignment as explanatory variables. Included in these analyses are all the patients who had undergone ran-
domization. The graphs are truncated at 24 months (the point at which less than 10% of patients remained at risk). The inset in each panel shows the same data on an enlarged y axis.
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two groups are shown in Table 2. The 4 patients 
in the placebo group who did not receive placebo 
were excluded from the safety analyses. Uncom-
plicated genital tract infection was reported more 

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

Several sensitivity analyses were performed to 
account for missing follow-up data in 42 patients 
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SGLT2 inhibitors in patients with heart failure with reduced 
ejection fraction: a meta-analysis of the EMPEROR-Reduced 
and DAPA-HF trials
Faiez Zannad, João Pedro Ferreira, Stuart J Pocock, Stefan D Anker, Javed Butler, Gerasimos Filippatos, Martina Brueckmann, Anne Pernille Ofstad, 
Egon Pfarr, Waheed Jamal, Milton Packer

Summary
Background Both DAPA-HF (assessing dapagliflozin) and EMPEROR-Reduced (assessing empagliflozin) trials 
showed that sodium-glucose co-transporter-2 (SGLT2) inhibition reduced the combined risk of cardiovascular death 
or hospitalisation for heart failure in patients with heart failure with reduced ejection fraction (HFrEF) with or without 
diabetes. However, neither trial was powered to assess effects on cardiovascular death or all-cause death or to 
characterise effects in clinically important subgroups. Using study-level published data from DAPA-HF and patient-
level data from EMPEROR-Reduced, we aimed to estimate the effect of SGLT2 inhibition on fatal and non-fatal heart 
failure events and renal outcomes in all randomly assigned patients with HFrEF and in relevant subgroups from 
DAPA-HF and EMPEROR-Reduced trials.

Methods We did a prespecified meta-analysis of the two single large-scale trials assessing the effects of SGLT2 
inhibitors on cardiovascular outcomes in patients with HFrEF with or without diabetes: DAPA-HF (assessing 
dapagliflozin) and EMPEROR-Reduced (assessing empagliflozin). The primary endpoint was time to all-cause death. 
Additionally, we assessed the effects of treatment in prespecified subgroups on the combined risk of cardiovascular 
death or hospitalisation for heart failure. These subgroups were based on type 2 diabetes status, age, sex, angiotensin 
receptor neprilysin inhibitor (ARNI) treatment, New York Heart Association (NYHA) functional class, race, history of 
hospitalisation for heart failure, estimated glomerular filtration rate (eGFR), body-mass index, and region (post-hoc). 
We used hazard ratios (HRs) derived from Cox proportional hazard models for time-to-first event endpoints and 
Cochran’s Q test for treatment interactions; the analysis of recurrent events was based on rate ratios derived from the 
Lin-Wei-Yang-Ying model.

Findings Among 8474 patients combined from both trials, the estimated treatment effect was a 13% reduction in all-
cause death (pooled HR 0·87, 95% CI 0·77–0·98; p=0·018) and 14% reduction in cardiovascular death (0·86, 
0·76–0·98; p=0·027). SGLT2 inhibition was accompanied by a 26% relative reduction in the combined risk of 
cardiovascular death or first hospitalisation for heart failure (0·74, 0·68–0·82; p<0·0001), and by a 25% decrease in 
the composite of recurrent hospitalisations for heart failure or cardiovascular death (0·75, 0·68–0·84; p<0·0001). The 
risk of the composite renal endpoint was also reduced (0·62, 0·43–0·90; p=0·013). All tests for heterogeneity of effect 
size between trials were not significant. The pooled treatment effects showed consistent benefits for subgroups based 
on age, sex, diabetes, treatment with an ARNI and baseline eGFR, but suggested treatment-by-subgroup interactions 
for subgroups based on NYHA functional class and race.

Interpretation The effects of empagliflozin and dapagliflozin on hospitalisations for heart failure were consistent in 
the two independent trials and suggest that these agents also improve renal outcomes and reduce all-cause and 
cardiovascular death in patients with HFrEF.
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Introduction
Large cardiovascular outcome trials in patients with type 2 
diabetes have shown that sodium-glucose co-transporter-2 
(SGLT2) inhibitors improve cardiovascular and renal 
outcomes and, in particular, they reduce the risk of 
hospitalisation for heart failure.1–4 This reduction was 
observed in patients with and without a previous history 
of heart failure.5–7 However, patients with known heart 
failure comprised only small proportions of the study 

populations, typically without systematic documentation 
of left ventricular ejection fraction (LVEF) or natriuretic 
peptides. Meta-analyses of these cardiovascular outcome 
trials in patients with type 2 diabetes showed that these 
agents reduced the risk of hospitalisation for heart failure 
and slowed the progression of renal disease.8,9 These 
effects on cardiovascular and renal outcomes might not be 
directly related to glycaemic control, suggesting that the 
benefits could also extend to patients without diabetes.10
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study drug was permanently stopped.

Statistical analysis
Based on the CIBIS survival curves, we estimated the annual
mortality rate to be about 11·2% in the placebo group. To
obtain a minimum of 25% lower mortality in the bisoprolol
group in a 1-year recruitment period and 2-year follow-up, we
calculated that for an ! risk of 5% and a power of 95%, we
needed to recruit 2500 patients.

We planned two interim analyses at 2500 patient-years and
5000 patient-years. The study could be stopped according
to Peto’s rule10 if a significant difference in all-cause mortality
was seen between the two groups at p<0·001 (two-tailed log-
rank test).

We did analyses by intention to treat. We calculated Kaplan-
Meier survival curves on total mortality, and assessed differences
between the treatment groups with the log-rank test (time to
event). Hazard ratios and 95% CIs were calculated with Cox’s
proportional hazards regression model. We used the Breslow-
Day test to calculate homogeneity of odds ratios between
treatment groups, according to NYHA class and cause of
heart failure. We compared baseline variables between the two
groups with Student’s t or Wilcoxon’s rank-sum tests for
continuous variables, and Fisher’s exact or "2 tests for categorical
variables.

Results
2647 patients were enrolled into the study and followed
up for a mean of 1·3 years. Baseline characteristics were
similar in the two groups (table 1).

The trial was stopped early because all-cause mortality
was significantly less in the bisoprolol group than in the
placebo group (figure 1). In the bisoprolol group, 156
(11·8%) patients died, compared with 228 (17·3%) in the
placebo group (p<0·0001). The estimated annual
mortality rate was 8·8% in the bisoprolol group and
13·2% in the placebo group (hazard ratio 0·66 [95% CI
0·54–0·81], figure 2).

There were significantly fewer cardiovascular deaths
among patients on bisoprolol than among those on
placebo (p=0·0049). Significantly fewer patients on
bisoprolol were admitted to hospital for all causes than
patients on placebo (p=0·0006) as well as for the
combined endpoint of cardiovascular death and admssion
to hospital for cardiovascular events (p=0·0004). The
number of permanent treatment withdrawals was similar
in the two groups (table 2).

We did subgroup analyses by cause of heart failure and
severity of disease at baseline (figure 3). Mortality and
admissions to hospital did not differ significantly between

groups for any subgroup of aetiology of heart failure or
class of disease severity.

Circumstances and causes of deaths are shown in
table 2. There were 48 sudden deaths in the bisoprolol
groups compared with 83 in the placebo group, a
difference of 42% (p=0·0011). 

The difference in admissions to hospital for worsening
heart failure between the two groups was 32% (p<0·0001,
table 2). There were, however, more admissions to
hospital for stroke in the bisoprolol group than in the
placebo group (31 vs 16, p=0·04). Hospital admissions
were significantly fewer in the bisoprolol group than in
the placebo group for ventricular tachycardia and
ventricular fibrillation (six vs 20, p=0·006) and for
hypotension (three vs 11, p=0·03), but were more
common for bradycardia (14 vs two, p<0·004). The rate
of heart transplantation was low and similar in the two
groups. The number of hospital admissions did not differ
significantly for angina, myocardial infarction,
supraventricular arrhythmias, cardiogenic shock, or
coronary revascularisation.

The most common dose of bisoprolol during the
maintenance phase was 10·0 mg, which was reached in
564 patients; 152 reached 7·5 mg and 176 reached
5·0 mg.

Treatment effect did not differ between the
participating countries.

Discussion
β-blockade had benefits for all-cause mortality in patients
with chronic heart failure. Benefits were also seen for
morbidity, assessed by admissions to hospital for all
causes, especially for worsening heart failure.

The magnitude of the treatment effect (a 32% lower
risk of mortality and admission to hospital for heart
failure) is in accordance with findings from meta-analyses
of previous randomised placebo-controlled trials.4 Our
results were obtained in patients already taking diuretics
and ACE inhibitors and not patients selected for
tolerance of bisoprolol, since we had no run-in period.
Benefit occurred irrespective of the cause of heart failure
or NYHA class of severity. The greatest effect was,
however, seen in patients with ischaemic heart disease
who were in NYHA class III at baseline. 

With the inclusion of our results, the cumulative
experience with β-blockade therapy in chronic heart
failure (more than 6000 patients in randomised trials)
approaches that of ACE inhibitors in heart-failure
patients with symptoms.11 Benefit from the addition of β−
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Figure 3: Relative risk of treatment effect on mortality by
aetiology and functional class at baseline
Horizontal bars represent 95% CIs.
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in 21 percent, and it worsened in 38 percent. The
difference between groups was significant (P<0.001
by the Wilcoxon test).

 

Safety

 

There were no significant differences between the
two groups in serum sodium concentration, blood
pressure, or heart rate during the study. The medi-
an creatinine and potassium concentrations did not
change in the placebo group during the first year of
follow-up, the period for which the data were most
complete. During the same period, however, the
median creatinine concentration in the spironolac-
tone group increased by approximately 0.05 to 0.10
mg per deciliter (4 to 9 µmol per liter) and the me-
dian potassium concentration increased by 0.30 mmol
per liter. The differences between the two groups
were significant (P<0.001) but were not clinically im-
portant.

Table 4 lists the adverse reactions in the two groups.
Serious hyperkalemia occurred in 10 patients in the

placebo group (1 percent) and 14 patients in the
spironolactone group (2 percent, P=0.42). Gyneco-
mastia or breast pain was reported by 10 percent of
the men in the spironolactone group and 1 percent
of the men in the placebo group (P<0.001), causing
more patients in the spironolactone group than in the
placebo group to discontinue treatment (10 vs. 1,
P=0.006).

 

DISCUSSION

 

We found that treatment with spironolactone re-
duced the risk of death from all causes, death from
cardiac causes, hospitalization for cardiac causes, and
the combined end point of death from cardiac caus-
es or hospitalization for cardiac causes among pa-
tients who had severe heart failure as a result of left
ventricular systolic dysfunction and who were receiv-
ing standard therapy including an ACE inhibitor.
Spironolactone also improved the symptoms of heart
failure, as measured by changes in the NYHA func-
tional class. The reductions in the risk of death and

 

Figure 1.

 

 Kaplan–Meier Analysis of the Probability of Survival among Patients in the Placebo Group and Patients
in the Spironolactone Group.
The risk of death was 30 percent lower among patients in the spironolactone group than among patients in the
placebo group (P<0.001).
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specified that three interim efficacy analyses 
should be conducted after the accrual of one 
third, one half, and two thirds of the events, and 
the statistical stopping guideline for a compel-
ling benefit required a one-sided nominal P value 
of less than 0.0001 at the first analysis and less 
than 0.001 at the second and third analyses in 
favor of LCZ696 for both death from cardiovas-
cular causes and the primary end point. On 
March 28, 2014, at the third interim analysis 
(after enrollment had been completed), the com-
mittee informed the two coprincipal investiga-
tors that the prespecified stopping boundary for 
an overwhelming benefit had been crossed. The 

executive committee voted to stop the trial and 
selected March 31, 2014, as the cutoff date for 
all efficacy analyses; the sponsor accepted this 
decision.

We included data from all patients who had 
undergone a valid randomization in the analyses 
of the primary and secondary outcomes, accord-
ing to the intention-to-treat principle. A sequen-
tially rejective procedure was used for analysis of 
the secondary efficacy end points, with the first 
two secondary end points at the highest level of 
the testing sequence. (For details, see the statisti-
cal analysis plan in the Supplementary Appendix.) 
Time-to-event data were evaluated with the use 
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Figure 2. Cardiovascular Outcomes.

The primary outcome was a composite of death from cardiovascular causes, hospitalization for heart failure, or an urgent visit resulting in intravenous therapy for heart failure (Panel A). 
The cumulative incidences of the primary outcome, hospitalization for heart failure (Panel B), death from cardiovascular causes (Panel C), and death from any cause (Panel D) were esti-
mated with the use of the Kaplan–Meier method; hazard ratios and 95% confidence intervals were estimated with the use of Cox regression models, stratified according to diabetes sta-
tus, with a history of hospitalization for heart failure and treatment-group assignment as explanatory variables. Included in these analyses are all the patients who had undergone ran-
domization. The graphs are truncated at 24 months (the point at which less than 10% of patients remained at risk). The inset in each panel shows the same data on an enlarged y axis.
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Age (years)

Projected mean survival of a 55 year old patient 
with heart failure and reduced ejection fraction

Vaduganathan M et al: Lancet 2020
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ventricular ejection fraction was 26·1% (SD 4·7) and 
726 (53%) had a previous hospital admission for heart 
failure.

Over a median follow-up of 20·5 months (IQR 9·5–32·5), 
356 (26%) of 1373 participants had primary endpoint 
events (16·4 events per 100 patient-years [95% CI 
14·8–18·2]) and 213 (16%) died (8·9 per 100 patient-
years [7·8–10·2]) in the control group of EMPHASIS-HF. 
Based on the annualised event rate of cardiovas-
cular death or hospital admission for heart failure in 
the control group of EMPHASIS-HF, the range of 
aggregate treatment effects would translate to an 
estimated absolute risk reduction with comprehensive 
disease-modifying pharmacological therapy of 18–25% 
over 3 years with a corresponding number-needed-to-
treat of four to six in the prevention of a primary 
endpoint. With respect to mortality, absolute risk reduc-
tions were estimated to be 6–13% over 3 years with a 
number-needed-to-treat of eight to 16 to prevent one 
death.

At age 55 years, the estimated event-free survival 
(relating to the composite primary endpoint events of 
cardiovascular death or hospitalisation for heart failure) 
was 14·7 years (95% CI 12·6–17·1) with com pre hen-
sive disease-modifying pharmacological therapy and 
6·4 years (4·8–8·0) with ACE inhibitor or ARB and 
β blocker (difference 8·3 years [95% CI 6·2–10·7]; 
figure 2A). At age 55 years, the estimated overall residual 
survival was 17·7 years (14·9–20·5) with comprehen-
sive disease-modifying pharmacological therapy and 
11·4 years (9·2–13·5) with ACE inhibitor or ARB and 
β blocker (difference 6·3 years [3·4–9·1]; figure 3A). At 
age 65 years, comprehensive disease-modifying therapy 
was estimated to provide 6·3 additional years (4·8–7·9) 
of event-free survival (figure 2B) and 4·4 additional 
years (2·5–6·2) of overall survival (figure 3B) compared 
with conventional medical therapy. Given that baseline 
life expectancies varied by age, we further estimated 
absolute survival gains across a broad range of ages 
(55–80 years; figure 4). Treatment with comprehensive 
disease-modi fying pharmacological therapy was esti-
mated to provide from 2·7 additional years (95% CI 

Figure 3: Long-term overall survival with comprehensive disease-modifying 
therapy vs conventional therapy
Kaplan-Meier estimated curves for patients starting at age 55 years (A) and 
65 years (B) for overall survival. Residual lifespan was estimated using the area 
under the survival curve up to a maximum of 90 years. Comprehensive therapy 
(simulated) consisted of an ARNI, β blocker, MRA, and SGLT2 inhibitor; 
conventional therapy (EMPHASIS-HF6 control group) consisted of an ACE 
inhibitor or ARB and β blocker. ACE inhibitor=angiotensin-converting enzyme 
inhibitor. ARB=angiotensin receptor blocker. ARNI=angiotensin 
receptor–neprilysin inhibitor. MRA=mineralocorticoid receptor antagonist. 
SGLT2 inhibitor=sodium/glucose cotransporter 2 inhibitor.
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Figure 4: Treatment benefits on overall survival and event-free survival with comprehensive disease-modifying 
therapy vs conventional therapy
Estimated mean primary endpoint event-free survival (A) and overall survival (B) in the EMPHASIS-HF control group 
and the simulated comprehensive therapy group for every age between 55 years and 80 years. Comprehensive therapy 
(simulated) consisted of an ARNI, β blocker, MRA, and SGLT2 inhibitor; conventional therapy (EMPHASIS-HF6 control 
group) consisted of an ACE inhibitor or ARB and β blocker. Treatment differences (data points), smoothed estimate 
(solid line), and 95% CI of the smoother estimate (shaded outer area) estimated for mean event-free survival (C) and 
overall survival (D) with the comprehensive therapy vs conventional therapy after application of a locally weighted 
scatterplot smoothing procedure. ACE inhibitor=angiotensin-converting enzyme inhibitor. ARB=angiotensin 
receptor blocker. ARNI=angiotensin receptor–neprilysin inhibitor. MRA=mineralocorticoid receptor antagonist. 
SGLT2 inhibitor=sodium/glucose cotransporter 2 inhibitor.
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either closer follow-up or more up-titration of loop 
diuretics, but were related to rapid up-titration in a safe 
manner. The continued separation of the survival curves 
well after drug optimisation period (ie, up to day 90) 
further suggests that it was the guideline-directed 
medication that drove the effect.

STRONG-HF included patients across the spectrum 
of LVEFs, including reduced, mildly reduced, or 
preserved LVEF, similarly to those seen in other acute 
heart failure registries14,15 and in recent acute heart 
failure trials.22,23 Furthermore, in those studies, 
β  blockers, RAAS inhibitors, and mineralocorticoid 
receptor antagonists were administered to most patients 
who had acute heart failure at the time of hospital 
discharge, regardless of LVEF. These therapies might be 
associated with improved post-discharge outcomes in 
all patients with acute heart failure with reduced or 
preserved LVEF.24 Therefore, in the present study, 
patients were enrolled regardless of their baseline 
ejection fraction. Subgroup analysis results suggest that 

the intervention was at least as effective in patients with 
higher ejection fraction (>40% or ≥50%) as in those with 
reduced or mildly reduced ejection fraction (≤40% or 
<50%). This finding is of importance especially because 
β blockers, which have the least evidence of efficacy in 
patients with heart failure with preserved ejection 
fraction, were numerically up-titrated the most in the 
current study. Interestingly, the proportion of patients 
treated with mineralocorticoid receptor antagonists in 
this study is higher than previously observed in other 
acute heart failure studies.23

The results of our analysis contrast with those of a 
previous attempt to guide heart failure therapy with 
NT-proBNP and clinical assessments.12 In the 
GUIDE-IT study,12 patients in the NT-proBNP-guided 
therapy intensification and control groups received very 
similar care during the study including similar doses of 
guideline-recommended therapies, and hence differing 
outcomes are unlikely when therapies are similar in 
both groups, an issue that was avoided in STRONG-HF. 

Figure 3: Adjusted Kaplan-Meier estimates of cumulative event-free survival with down-weighting of cohort 1 for all-cause death or heart failure readmission (A), all-cause death or heart 
failure excluding deaths due to COVID-19 (B), all-cause mortality (C), and all-cause mortality excluding deaths due to COVID-19 (D), from randomisation up to day 180
Adjusted 180-day risk differences are given. Analyses excluding COVID-19-related deaths were prespecified sensitivity analyses.
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occurred in 120 patients (21.6%) in the ICD group 
(4.4 events per 100 person-years) and in 131 pa-
tients (23.4%) in the control group (5.0 events per 

100 person-years) (Fig. 2A and Table 2). The 
hazard ratio for death from any cause in the ICD 
group, as compared with the control group, was 
0.87 (95% confidence interval [CI] 0.68 to 1.12; 
P = 0.28). The test for the proportional-hazard 
assumption with Schoenfeld residuals gave a P 
value of 0.054. Annual event rate ratios from 
post hoc analyses are provided in Table S3 in the 
Supplementary Appendix. Cardiovascular death 
occurred in 77 patients (13.8%) in the ICD group 
and in 95 patients (17.0%) in the control group 
(hazard ratio, 0.77; 95% CI, 0.57 to 1.05; P = 0.10) 
(Table 2 and Fig. 2B). Sudden cardiac death oc-
curred in 24 patients (4.3%) in the ICD group 
and in 46 patients (8.2%) in the control group 
(hazard ratio, 0.50; 95% CI, 0.31 to 0.82; 
P = 0.005) (Table 2 and Fig. 2C). The clinical out-
come of resuscitated cardiac arrest or sustained 
ventricular tachycardia occurred with similar 
frequency in the two groups (Table 2); termina-
tion of ventricular tachycardia by antitachycardia 
pacing occurred in 97 patients (17.4%) in the 
ICD group, and appropriate shock for ventricular 
fibrillation or rapid ventricular tachycardia was 
given for 64 patients (11.5%) in the ICD group.

The results of subgroup analyses are shown 
in Figure 3. The results were similar across all 
subgroups with the exception of age, for which 
there was a significant treatment-by-subgroup 
interaction (P = 0.009 for the interaction) (Fig. 3, 
and Fig. S1 in the Supplementary Appendix). The 
rate of death from any cause was significantly 
lower among patients younger than 68 years of 
age than among patients 68 years of age or 
older (hazard ratio, 0.64; 95% CI, 0.45 to 0.90; 
P = 0.01). The effect of ICD implantation was in-
dependent of CRT status (P = 0.73 for the interac-
tion) (Fig. S2 in the Supplementary Appendix).

Safety
Device infections occurred in 27 patients (4.9%) 
in the ICD group and in 20 patients (3.6%) in the 
control group (P = 0.29) (Table 2). Among pa-
tients who were not receiving CRT, the risk of 
device infection was higher in the ICD group 
than it was in the control group (12 of 234 pa-
tients [5.1%] vs. 2 of 237 patients [0.8%]; hazard 
ratio, 6.35; 95% CI, 1.38 to 58.87; P = 0.006). In-
appropriate shocks occurred in 33 patients (5.9%) 
in the ICD group (Table 2); 28 of the shocks were 
due to atrial fibrillation, 4 were due to oversens-
ing, and 1 was due to supraventricular arrhyth-

Figure 2. Time-to-Event Curves for Death from Any Cause, Cardiovascular 
Death, and Sudden Cardiac Death.
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occurred in 120 patients (21.6%) in the ICD group 
(4.4 events per 100 person-years) and in 131 pa-
tients (23.4%) in the control group (5.0 events per 

100 person-years) (Fig. 2A and Table 2). The 
hazard ratio for death from any cause in the ICD 
group, as compared with the control group, was 
0.87 (95% confidence interval [CI] 0.68 to 1.12; 
P = 0.28). The test for the proportional-hazard 
assumption with Schoenfeld residuals gave a P 
value of 0.054. Annual event rate ratios from 
post hoc analyses are provided in Table S3 in the 
Supplementary Appendix. Cardiovascular death 
occurred in 77 patients (13.8%) in the ICD group 
and in 95 patients (17.0%) in the control group 
(hazard ratio, 0.77; 95% CI, 0.57 to 1.05; P = 0.10) 
(Table 2 and Fig. 2B). Sudden cardiac death oc-
curred in 24 patients (4.3%) in the ICD group 
and in 46 patients (8.2%) in the control group 
(hazard ratio, 0.50; 95% CI, 0.31 to 0.82; 
P = 0.005) (Table 2 and Fig. 2C). The clinical out-
come of resuscitated cardiac arrest or sustained 
ventricular tachycardia occurred with similar 
frequency in the two groups (Table 2); termina-
tion of ventricular tachycardia by antitachycardia 
pacing occurred in 97 patients (17.4%) in the 
ICD group, and appropriate shock for ventricular 
fibrillation or rapid ventricular tachycardia was 
given for 64 patients (11.5%) in the ICD group.

The results of subgroup analyses are shown 
in Figure 3. The results were similar across all 
subgroups with the exception of age, for which 
there was a significant treatment-by-subgroup 
interaction (P = 0.009 for the interaction) (Fig. 3, 
and Fig. S1 in the Supplementary Appendix). The 
rate of death from any cause was significantly 
lower among patients younger than 68 years of 
age than among patients 68 years of age or 
older (hazard ratio, 0.64; 95% CI, 0.45 to 0.90; 
P = 0.01). The effect of ICD implantation was in-
dependent of CRT status (P = 0.73 for the interac-
tion) (Fig. S2 in the Supplementary Appendix).

Safety
Device infections occurred in 27 patients (4.9%) 
in the ICD group and in 20 patients (3.6%) in the 
control group (P = 0.29) (Table 2). Among pa-
tients who were not receiving CRT, the risk of 
device infection was higher in the ICD group 
than it was in the control group (12 of 234 pa-
tients [5.1%] vs. 2 of 237 patients [0.8%]; hazard 
ratio, 6.35; 95% CI, 1.38 to 58.87; P = 0.006). In-
appropriate shocks occurred in 33 patients (5.9%) 
in the ICD group (Table 2); 28 of the shocks were 
due to atrial fibrillation, 4 were due to oversens-
ing, and 1 was due to supraventricular arrhyth-

Figure 2. Time-to-Event Curves for Death from Any Cause, Cardiovascular 
Death, and Sudden Cardiac Death.
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ICD in Patients with Nonischemic Systolic Heart Failure  
DANISH

556 patients with symptomatic systolic heart failure (left ventricular ejection fraction, 
≤35%) not caused by coronary artery disease were assigned to receive an ICD, and 560 
patients were assigned to receive usual clinical care 

Køber L et al: N Engl J Med 2016



ICD in Patients with Nonischemic Systolic Heart Failure  
DANISH

Køber L et al: N Engl J Med 2016
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Variable No. events/ 
No. patients

Age

   < 65 yr 142/852

   ≥ 65 yr 230/968

Sex*

   Male 294/1367

   Female 78/453

NYHA Class

   Ischemic I 53/265

   Ischemic II 186/734

   Non-ischemic II 133/821

QRS ms*

   < 150 147/645

   ≥ 150 225/1175

LVEF

   ≤ 0.25 101/646

   > 0.25 271/1174

LVEDV

   ≤ 240 ml 184/828

   > 240 ml 184/969

LVESV

   ≤ 170 ml 190/835

   > 170 ml 178/962

All patients 372/1820

Hazard Ratio

CRT-D better ICD-only better

The benefit of CRT-D appeared to be: 

 Greater in women that in men 

 Greater in patients with wider QRS 
duration

Note: 
The study was not statistically 
powered to evaluate subgroups

Moss AJ, Hall WJ, Cannom DS, et al. [serial online]. NEJM. Sept 2009

MADIT-CRT – Subgruppen



Resynchronisation



Therapeutic Algorithm of Class I Therapy in Patients with Heart Failure with Reduced Ejection Fraction 

McDonagh TA et al: Eur Heart J 2021
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CASTLE-HTx - Baseline Characteristics

Sohns et al., NEJM 2023



CASTLE-HTx - Results

Sohns et al., NEJM 2023

Death from any cause, implantation of a LVAD, urgent HTX Death from any cause
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How to Diagnose HFpEF?

Paulus et al. Eur Heart J 2007

NT-proBNP und Echo



Therapie der Herzinsuffizienz mit 
erhaltener systolischer Funktion

Behandlung der Hypertonie 
Suche bzw. Therapie einer Ischämie 
Kontrolle von Vorhofflimmern 
Diuretika (Spironolacton [TOPCAT])
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Safety
Three patients (one in the empagliflozin group 
and two in the placebo group) did not receive the 
study medication and were excluded from the 
safety analyses. Serious adverse events occurred 
in 1436 patients (47.9%) in the empagliflozin 
group and in 1543 patients (51.6%) in the pla-
cebo group. Adverse events leading to discon-
tinuation of treatment occurred in 571 patients 
(19.1%) in the empaglif lozin group and in 551 
patients (18.4%) in the placebo group. Specific 
adverse events are listed in Table S6. Uncompli-
cated genital and urinary tract infections and 
hypotension were more common in patients 
treated with empagliflozin.

Discussion

In patients with heart failure and a preserved 
ejection fraction, SGLT2 inhibition with empa-
gliflozin led to a 21% lower relative risk in the 
composite of cardiovascular death or hospital-
ization for heart failure, which was mainly re-
lated to a 29% lower risk of hospitalization for 
heart failure with empagliflozin. The effects on 
the incidence of primary outcome events were 

generally seen consistently across all prespeci-
fied subgroups, including patients with or with-
out diabetes.

Empagliflozin also led to a lower total num-
ber of hospitalizations for heart failure and a 
longer time to first hospitalization for heart 
failure. The pattern of benefits shown in Table 2 
is similar to that reported with empagliflozin in 
a similarly designed parallel trial of patients 
with heart failure and a reduced ejection fraction 
(EMPEROR-Reduced),11 which suggests that the 
effects of SGLT2 inhibition on heart failure 
events do not vary meaningfully with the heart 
failure phenotype.

The effects of empagliflozin in patients with 
heart failure and a preserved ejection fraction 
are consistent with findings in previous reports 
that SGLT2 inhibitors reduce the risk of hospi-
talization for heart failure in patients with type 2 
diabetes.5 However, in these earlier trials, most 
patients did not have heart failure at the time of 
enrollment. Post hoc characterization of the 
heart failure phenotype, either at the time of 
randomization or at the onset of a post-randomi-
zation heart failure event, suggested that patients 
with heart failure and a preserved ejection fraction 

Figure 1. Primary Outcome, a Composite of Cardiovascular Death or Hospitalization for Heart Failure.

The estimated cumulative incidence of the primary outcome in the two groups is shown. The inset shows the same 
data on an expanded y axis.
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BACKGROUND
Steroidal mineralocorticoid receptor antagonists reduce morbidity and mortality 
among patients with heart failure and reduced ejection fraction, but their efficacy 
in those with heart failure and mildly reduced or preserved ejection fraction has 
not been established. Data regarding the efficacy and safety of the nonsteroidal 
mineralocorticoid receptor antagonist finerenone in patients with heart failure and 
mildly reduced or preserved ejection fraction are needed.
METHODS
In this international, double-blind trial, we randomly assigned patients with heart 
failure and a left ventricular ejection fraction of 40% or greater, in a 1:1 ratio, to re-
ceive finerenone (at a maximum dose of 20 mg or 40 mg once daily) or matching 
placebo, in addition to usual therapy. The primary outcome was a composite of total 
worsening heart failure events (with an event defined as a first or recurrent un-
planned hospitalization or urgent visit for heart failure) and death from cardiovascu-
lar causes. The components of the primary outcome and safety were also assessed.
RESULTS
Over a median follow-up of 32 months, 1083 primary-outcome events occurred in 
624 of 3003 patients in the finerenone group, and 1283 primary-outcome events 
occurred in 719 of 2998 patients in the placebo group (rate ratio, 0.84; 95% con-
fidence interval [CI], 0.74 to 0.95; P = 0.007). The total number of worsening heart 
failure events was 842 in the finerenone group and 1024 in the placebo group (rate 
ratio, 0.82; 95% CI, 0.71 to 0.94; P = 0.006). The percentage of patients who died 
from cardiovascular causes was 8.1% and 8.7%, respectively (hazard ratio, 0.93; 
95% CI, 0.78 to 1.11). Finerenone was associated with an increased risk of hyper-
kalemia and a reduced risk of hypokalemia.
CONCLUSIONS
In patients with heart failure and mildly reduced or preserved ejection fraction, 
finerenone resulted in a significantly lower rate of a composite of total worsening 
heart failure events and death from cardiovascular causes than placebo. (Funded 
by Bayer; FINEARTS-HF ClinicalTrials.gov number, NCT04435626.)
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Finerenone in Heart Failure with Mildly 
Reduced or Preserved Ejection Fraction
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FINEARTS-HF - Primary Endpoint: CV death and total HF events
Finenerone reduced cardiovascular deat and total worsening heart failure events over median follow-up of 32 months
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Placebo

HR = 0.89 (0.77 – 1.04) 
                 p=0.138

351/1723 (20.4%)

320/1722 (18.6%)

1°Outcome  
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Praktische Überlegungen für die optimale medikamentöse 
Herzinsuffizienzbehandlung

Marti CN et al: Eur J Heart Fail 2019

Tiefer Blutdruck – Unnötige Blutdruck-wirksame Medikamete reduzieren, 
die keinen Nutzen bei Herzinsuffizienz gezeigt haben 

– Medikamente über den Tag versezten 
– Hypvolämie vermeiden

Orthostatische Symptome – Diuretika reduzieren 
– Medikamente über den Tag verteilen 
– Verhaltensempfehlungen (langsam aufstehen)

Blutdruck- und Herzfrequenz-Ziele – Zielwerte anstreben 
– Symptome sind prioritär vor hämodynamischen Werten

Müdigkeit – Betablocker abends verabreichen 
– Wichtigkeit der Medikation erklären

Problem Lösung

„If a patient is unable to tolerate maximal doses of 
all medications, lower doses of all medications 
are preferred over a high-dose therapy of one and 
no coverage of other pathways.“
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• Phänotypische Charakterisierung: Echo, MR, Szintigraphie 

• Ätiologien abklären: Bildgebung, Labor, Genetik 

• Risikostratifizierung: Langzeit-EKG, MR, Genetik 

• Therapie: Allgemein, spezifisch
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Transthyretin tetramer destabilization leads to misfolded proteins that form amyloid fibrils.1–3

1.Hammarström P et al. Science. 2003;299:713–716. 2.Sekijima Y et al. Curr Pharm Des. 2008;14:3219–3230. 3.Benson MD et al. Mus Nerve 2007;36:411–423.

TETRAMER FOLDED MONOMER AMYLOID  
FIBRILS

Rate-determining 
step1

MISFOLDED 
PROTEINS

Courtesy J. Kelly, TSRI

Pathogenic transthyretin variants alter the rate at which tetramers dissociate 
due to the effect of the mutation on the tetramer’s stability.1,2

Transthyretin Amyloid Cardiomyopathy 
(ATTR-CM)



Cardiac Amyloidosis

AL Amyoidosis (light chain amyloidosis) 
- Kappa/lambda light chains (blood) 
- Immunfixation (blood, urine)

Extracellular deposition of misfolded pathologic proteins int the myocardium 

ATTR Amyoloidosis 
- Wild type (senile) 
- Hereditary (genetic testing) 
- Tc-Scintigraphy

Red Flags 
- Heart failure 
- ECG (low voltage) 
- „LVH“ 
- Carpal tunnel syndrome 
- Autonomic dysfunction



ATTR-CM: rare, but not too rare

ATTR

Heart failure2 

HFpEF 13% 
HFrEF 11%

LVH/
HCM3 

5%

Aortic 
Stenosis4,5 

calcified AS  
- Surgery 5% 
- TAVI 10-16%

Advanced 
conduction 

disease6 

2%

incidental1 
1-3% 

(>85y: 13,9%m vs 2.7%f)

1.Mohammed-Salem L. et al (2018), Int J Cardiol;  2. González-López E et al (2015), Eur Heart J; 3. Thibeau D. et al (2015), Eur Heart 
J; 4. Castano A. et al (2017), Eur Hear J; 5. Treibel T. et al (2016), Circ Cardiovasc Imaging 6. González-Lopez E. et al (2019), Amyloid
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Abstract
Background Treatment options in patients with amyloi-

dotic transthyretin (ATTR) cardiomyopathy are limited.

Epigallocatechin-3-gallate (EGCG), the most abundant
catechin in green tea (GT), inhibits fibril formation from

several amyloidogenic proteins in vitro. Thus, it might also

halt progression of TTR amyloidosis. This is a single-
center observational report on the effects of GT con-

sumption in patients with ATTR cardiomopathy.

Methods 19 patients with ATTR cardiomyopathy were
evaluated by standard blood tests, echocardiography, and

cardiac MRI (n = 9) before and after consumption of GT

and/or green tea extracts (GTE) for 12 months.

Results Five patients were not followed up for reasons of
death (n = 2), discontinuation of GT/GTE consumption

(n = 2), and heart transplantation (n = 1). After

12 months no increase of left ventricular (LV) wall thick-
ness and LV myocardial mass was observed by echocar-

diography. In the subgroup of patients evaluated by cardiac

MRI a mean decrease of LV myocardial mass (-12.5 %)
was detected in all patients. This was accompanied by

an increase of mean mitral annular systolic velocity of

9 % in all 14 patients. Total cholesterol (191.9 ± 8.9 vs.
172.7 ± 9.4 mg/dL; p \ 0.01) and LDL cholesterol

(105.8 ± 7.6 vs. 89.5 ± 8.0 mg/dL; p \ 0.01) decreased

significantly during the observational period. No serious
adverse effects were reported by any of the participants.

Conclusions Our observation suggests an inhibitory

effect of GT and/or GTE on the progression of cardiac
amyloidosis. We propose a randomized placebo-controlled

investigation to confirm our observation.

K. Altland, H. A. Katus contributed equally to this work.
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decline of LV myocardial mass by 12.5 % (Fig. 4). In none

of the patients an increase of LV myocardial mass was
observed. LV ejection fraction remained unchanged

(56.7 ± 4.7 vs. 57.2 ± 3.7 %; ns). Detailed cMRI findings

are shown in Table 1S (Supplemental information). Inter-
observer variability of MRI was 4.2 %.

Discussion

This is the first single center observation of myocardial

parameters during daily consumption of EGCG as GT or

GTE for 1 year in patients with cardiac ATTR amyloidosis.
No progression of cardiac wall thickness and mass as

indicators of ATTR amyloid deposition was observed in

these patients during the 1-year observation period. No
serious adverse effects were reported.

EGCG as the most abundant catechin in GT has been

claimed to prevent all-cause cardiovascular morbidity and
mortality [32]. These effects might in part be caused by its

lipid lowering effects [33] as observed in all patients of the

present study. There are reports indicating that GT or oral
supplements of GTE marketed for weight loss may cause

serious side effects including acute liver toxicity [34]. In

our patients hepatic function remained unchanged during
the observation period.

Orthotopic liver transplantation is currently the only

available causative treatment of familial amyloid poly-
neuropathy and/or cardiomyopathy as it eliminates the

production of the variant amyloid precursor protein [35]

and induces a marked regression (or even disappearance)
of amyloid in abdominal fat [36]. In some patients with

pre-existing cardiac involvement, progression of amyloid

apposition was not halted due to continued deposition of
amyloid aggregates from normal TTR aggregates [37–39].

No therapeutic effect of liver transplantation has been

observed in SSA patients.
Laboratory experiments have shown that EGCG binds to

recombinant wild-type as well as variant TTR tetramers at

three sites different from the thyroxine binding site [15, 40,
41]. A stabilizing effect adding to that of the thyroid hor-

mone was observed. Using a transgenic mice model Ferreira

et al. [17] demonstrated an inhibitory effect of EGCG on
amyloid deposition as well as a degrading effect on pre-

formed amyloid fibrils. The described data, however, were
achieved using a 10–100 fold excess of EGCG over TTR,

far above the observed plasma concentration (0.5 lM) and

applied doses (1 mmol) of EGCG in this trial. However,
using 100 nM fibrillar a-synucleine Bieschke et al. [16]

found significant aggregate-bound EGCG at concentrations

between 20 nM and 1 lM (apparent dissociation constant
0.1 lM). Using isothermal titration calorimetry (ITC)

Ferreira et al. [15] found a dissociation constant of 0.4 lM

for the interaction of non-denaturated TTR and EGCG.
Progression of left ventricular wall mass within a time

span of 1 year was observed in a different group of

untreated patients with mutant ATTR and cardiac
involvement [42]. It is well known that LV mass varies

within the mutation involved and with age at onset of the

disease [43]. Survival of patients with cardiac TTR amy-
loidosis appears to be much better than survival of patients

with light-chain amyloidosis [44, 45]. There is, however, a

wide variation of 5-year survival rates for patients with
different TTR mutations (30–55 %) and among patients

with wild-type TTR amyloidosis (40–75 %) [44–47]. The

patients in Benson’s study group [42] were about 12 years
younger than the patients of our cohort and included

individuals with mutations different from those of our

patients. Therefore, the results of Benson’s and our present
study may not be comparable in a clean scientific approach.

The lack of an appropriate control group will affect final

conclusion from the present observation.
Cardiac MRI is the gold standard for cardiac morphology

and function due to its high reproducibility and low inter-

observer variability [48] and has been used as an endpoint in
several interventional studies, either for reduction of LV

myocardial mass, e. g. arterial hypertension [49], and

Fabry’s disease. Fabry [50] or for quantification of scar size
after TASH procedure in hypertrophic cardiomyopathy

[51]. In the present cohort the reduction of LV myocardial

mass by cMRI was more pronounced than the blinded inter-
observer variability, but appears to be slow, as observed

with enzyme replacement therapy in patients with Fabry’s

disease [52–54]. LV wall mass was found unchanged as
assessed by echocardiography, possibly due to methodo-

logical limitations and limited imaging quality in some

patients. However, improved mitral annulus velocity was
observed as the most accurate diastolic measure to detect
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Fig. 4 MRI changes during the study period left ventricular (LV)
myocardial mass assessed by cardiac MRI in patients with TTR
amyloidosis before (t0) and after 12 months (t12) of green tea
consumption
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30% reduction in the risk of all-cause mortality with tafamidis compared with placebo (HR = 0.70; 95% CI, 0.51 – 0.96)1  
33% reduction when heart transplant and implantation of a cardiac mechanical assist device were not treated as death (HR = 0.67; 95% CI, 0.49 – 0.94)1

NNT after 2.5 years = 7.52

1. Maurer, M. S., et al. N Engl J Med 2018;379:1007-1016; 2. Maurer, M. S., et al. JACC Basic Transl Sci 2018;3:871-873

ATTR-ACT: All-Cause Mortality

n engl j med 379;11 nejm.org September 13, 20181012

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Among those who underwent randomization, 
106 (24%) had ATTRm with Val122Ile, Thr60Ala, 
and Ile68Leu being the most common mutations. 
Predefined treatment adherence (taking ≥80% of 
scheduled doses) was high, at 97.2% for tafam-
idis and 97.0% for placebo.

Efficacy
In the primary analysis that hierarchically assessed 
all-cause mortality, followed by frequency of car-
diovascular-related hospitalization, according to 

analyses performed with the Finkelstein–Schoen-
feld method, treatment with tafamidis was supe-
rior to placebo over 30 months (P<0.001). The 
win ratio24 (number of pairs of treated-patient 
“wins” divided by number of pairs of placebo-
patient “wins”) may be helpful in interpreting 
the Finkelstein–Schoenfeld result. The win ratio 
is 1.695 (95% confidence interval [CI], 1.255 to 
2.289). According to Cox regression analysis, all-
cause mortality was lower with tafamidis than 
with placebo (78 of 264 [29.5%] vs. 76 of 177 

Figure 2. Primary Analysis and Components.

Panel A shows the results of the primary analysis as determined with the use of the Finkelstein–Schoenfeld method. 
Panel B shows an analysis of all-cause mortality for pooled tafamidis and for placebo, a secondary end point. Panel 
C shows the frequency of cardiovascular-related hospitalizations, also a secondary end point.

B Analysis of All-Cause Mortality

C Frequency of Cardiovascular-Related Hospitalizations

A Primary Analysis, with Finkelstein–Schoenfeld Method
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Figure 3 Central illustration. Strategic phenotypic overview of the management of heart failure with reduced ejection fraction. ACE-I= angiotensin-convert-
ing enzyme inhibitor; ARB= angiotensin receptor blocker; ARNI= angiotensin receptor-neprilysin inhibitor; BB= beta-blocker; b.p.m.= beats per minute; BTC
= bridge to candidacy; BTT= bridge to transplantation; CABG= coronary artery bypass graft; CRT-D= cardiac resynchronization therapy with defibrillator;
CRT-P= cardiac resynchronization therapy with pacemaker; DT= destination therapy; HF= heart failure; HFrEF=heart failure with reduced ejection fraction;
ICD= implantable cardioverter-defibrillator; ISDN= isosorbide dinitrate; LBBB= left bundle branch block; MCS= mechanical circulatory support; MRA= miner-
alocorticoid receptor antagonist; MV= mitral valve; PVI= pulmonary vein isolation; QOL= quality of life; SAVR= surgical aortic valve replacement; SGLT2i=
sodium-glucose co-transporter 2 inhibitor; SR= sinus rhythm; TAVI= transcatheter aortic valve replacement; TEE= transcatheter edge to edge. Colour code
for classes of recommendation: Green for Class of recommendation I; Yellow for Class of recommendation IIa (see Table 1 for further details on classes of rec-
ommendation). The Figure shows management options with Class I and IIa recommendations. See the specific Tables for those with Class IIb recommendations.
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BACKGROUND
The therapeutic efficacy of the cardiac glycoside digitoxin in patients with heart 
failure and reduced ejection fraction is not established.

METHODS
In this international, double-blind, placebo-controlled trial, we randomly assigned 
patients with chronic heart failure who had a left ventricular ejection fraction of 
40% or less and a New York Heart Association (NYHA) functional class of III or 
IV or a left ventricular ejection fraction of 30% or less and an NYHA functional 
class of II in a 1:1 ratio to receive digitoxin (at a starting dose of 0.07 mg once 
daily) or matching placebo in addition to guideline-directed medical therapy. The 
primary outcome was a composite of death from any cause or hospital admission 
for worsening heart failure, whichever occurred first.

RESULTS
Among 1240 patients who underwent randomization, 1212 fulfilled the criteria for 
inclusion in the modified intention-to-treat population: 613 patients in the digi-
toxin group and 599 in the placebo group. Over a median follow-up of 36 months, 
a primary-outcome event occurred in 242 patients (39.5%) in the digitoxin group 
and 264 (44.1%) in the placebo group (hazard ratio for death or first hospital 
admission for worsening heart failure, 0.82; 95% confidence interval [CI], 0.69 to 
0.98; P = 0.03). Death from any cause occurred in 167 patients (27.2%) in the digi-
toxin group and 177 (29.5%) in the placebo group (hazard ratio, 0.86; 95% CI, 0.69 
to 1.07). A first hospital admission for worsening heart failure occurred in 172 pa-
tients (28.1%) in the digitoxin group and 182 (30.4%) in the placebo group (hazard 
ratio, 0.85; 95% CI, 0.69 to 1.05). At least one serious adverse event occurred in 29 
patients (4.7%) in the digitoxin group and 17 (2.8%) in the placebo group.

CONCLUSIONS
Treatment with digitoxin led to a lower combined risk of death from any cause or 
hospital admission for worsening heart failure than placebo among patients with 
heart failure and reduced ejection fraction who received guideline-directed medical 
therapy. (Funded by the German Federal Ministry of Research, Technology, and 
Space and others; DIGIT-HF EudraCT number, 2013 - 005326 - 38.)
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Take home messages 
• Herzinsuffizienz ist häufig 

• Diagnostik: NT-proBNP, Echo, ev. MRI 

• HFrEF/HFmrEF: Entresto (ACEI), SGLT2-Hemmer, MRA, BB, 
Digitoxin 

• HFpEF: SGLT2-Hemmer, MRA (Finenerone) 

• Medikamente rasch auftitrieren, keine Flüssigkeitsrestriktion 

• EF <35%: ICD erwägen, CRT bei LSB 

• An Amyloidose denken
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