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HFrEF patients with EF < 

35% despite optimal 

medical treatment

- ICD 

- CRT if QRS > 130m (and 

even more if > 150ms)

HFrEF Guidelines

ICD and CRT

Wearable ICD in patients with 

high risk for SCD  as „Bridge to 

implantable Device  - IIb, B



Indications for CRT (ESC-Guidelines 2016/2021)

Cleland, Linde and Ruschitzka 2016

NO Yes

LBBB Morphology

NON-LBBB Morphology



CRT: very efficient even in the 

long run

Long survival benefit of CRT-D (versus ICD) 

in HFrEF and widened QRS

Sapp JL et al, NEJM 2024

FU to multicentre double-blind 

randomised controlled RAFT trial. 

1798 patients, NYHA II-III EF <30%, QRS 

> 120ms

Median FU 7.7 years



Cardiac resyncronization therapy (CRT) device implantations per million inhabitants 2013

HOWEVER: Only about one in three eligible patients actually receive a 
CRT device

Raatikainen MJP et al, EP Europace 2015



Implementation 
of GDMT in 

HFrEF accross 
different age 

strata – 
Swedish HF-

Registry 

Stolfo D et al, EJHF 22

Older patients reamin 

undertreated!



Temporal trends in 
the adjusted 
probability of HF 
device use in the 

SwedeHF

Stolfo D et al, EJHF 22
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Why is CRT underused?
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Oral drug therapy

ICD, CRT palliation

MCS    /   transplantation

HF monitoring

Slide courtesy from Winnik. Adapted from Allan et al., Circulation, 2012

Devices in Heart Failure – Timing 



Leyva F et al, EP Europace 2023

Timing
 

Differences in long-
term clinical 
outcomes

Delays from a first heart 

failure hospitalization (HFH) 

to CRT implantation were 

associated with 

progressively worse long-

term clinical outcomes.

English database from 

2010-2019



Less functional LV recovery in patients with LVEF ≤35% and 
LBBB than do those with a NQRS

SZE E et al. JACC 2018

LVEF at BL and FU
Among patients with LBBB, the 

likelihood of large improvement in 

LVEF is modest, even when 

considering revascularization and 

use of GDMT. 

Current guidelines that mandate 

3 months of GDMT should be 

more flexible. 

For some patients with LBBB, 

recovery of LVEF >35% is unlikely 

with medicines alone, and these 

patients may be better served with 

earlier implantation of CRT.



Universal definition of super response to CRT does not exist

Steffel J, Ruschitzka F. Circulation 2014



Heart failure
disease trajectory

Mullens W et al, EJHF 2020

Success of CRT must not be 

defined as the degree of 

reverse remodeling – but the 

grade of disease modification



Even patients with “mild” HF seem to profit in the long term:
Pre-planned 5-year analysis from the REVERSE study (NYHA I and II EF < 40%) 

CRT in addition to OMT with long-standing clinical benefits in “mild” HF

Linde C et al, EHJ 2013

CRT in addition to optimal medical therapy produces long-standing clinical benefits



CRT in advanced heart failure? 
CRT provides persistent hemodynamic 

augmentation in the failing heart, despite 
adverse cardiac remodeling and 

decompensations

Mullens et al, JACC 2009



Barrier to referral and acceptance of implantation is the  
presence of comorbidities – However, CRT may be even more 
beneficial in comorbidities
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Patients with 
comorbidities should 
not be denied CRT – 
relative risk reduction 
is same (MADIT-CRT)

Zeitler EP et al, JACC 2017

Treatment Effect of CRT-D 

versus ICD in Comorbidity 

Groups

Zero comorbidities

3 or more comorbidities2 comorbidities

1 comorbidity

Comorbidities:

renal dysfunction, hypertension, 

diabetes, CAD, atrial arrhythmias, 

ventricular arrhythmias, smoking, 

cerebrovascular accident



Implantation is not the end of care: 

Drug titration and device optimization should be delivered by a 
multidisciplinary post-CRT team – the heart failure specialist 
should be in the lead



Rates for GDMT higher in patients with a CRT device – and -  patients 
have higher probability to achieve recommended dose (IMPROVE-HF trial)

Heywood T et al, Circ HF 2010



Treatment with iv iron (ferric carboxymaltose) in HFrEF patients with 
iron deficiency and persistently reduced LVEF after CRT results in an 

improvement of cardiac function measured

Martens P et al, EHJ 2021

Symptomatic HFrEF (n=75), iron deficiency, persistently 

reduced left ventricular ejection fraction (LVEF <45%) at 

least 6 months after cardiac resynchronization therapy 

(CRT) implant



Structured post-implant
CRT care
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Mullens W et al, EJHF 2020



Withdrawal of 
neurohumoral blockers in 

patients with normalized EF 
with CRT? 
STOP-CRT

Pilot trial of patients with normalized 

ejection fractions after CRT: 

feasible to withdraw neurohumoral 

blockers in almost 2 of 3 subjects without 

observing changes in clinical condition, 

LV volume, and natriuretic peptides over 

a follow-up period of 2 years

Nijst P et al, JACC 2020



Strategies for better implementation
Summary of most important points

- Increase awareness (even nowadays). Although evidence is 

robust (also in the long-term) and guidelines for implantation 

are straight forward, only about 1/3 of patients qualifying are 

receiving a CRT

- Timing of implantation may be too late. Only minority of 

patients in CRT trials were on OMT – and effects of these drugs 

on LVEF are less pronounced in LBBB. Furthermore, CRT 

helps to achieve OMT

- CRT should be seen as a disease modifier – concept of 

”non-responder” is obsolete

- CRT: significant benefit in patients with comorbidities

- Post-implant care is essential – Up-titration of GDMT

- CRT is a heart failure device. Patient care should be in the 

hand of heart failure specialists
Mullens W et al, EJHF 2020



(R)evolution of heart failure treatment  
Drugs, Devices, Interventions

Devices

ICDs

Sensing

 Devices

CRT, CRT-D

Pre-1980 1980s 1990s 2000s 2010s

Palliative

Drugs

Digitalis

Diuretics

Neurohormonal

Drugs

ACE-I

-Blockers
MR-

Antagonists

2015

ARNI

ARNI

LVAD

Transplantation

Iron 

2020

SGLT-2 

Inhibitors

Mitraclip
SGLT-2 

Inhibitors

Afib 

Ablation

Tafamidis

Telemonitoring

Ivabradine

Ruschitzka / Flammer

Vericiguat

CABG
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Strategies for better 
implementation

Mullens W et al, EJHF 2020

- See CRT as a disease modificator

- equal risk reduction in ischemic vs. 

non-ischemic HF

- Patient with narrow QRS may change 

to wide QRS – monitor

- CRT is cost-effective

- only minority of patients in CRT trials 

were on OMT – and effects of these 

drugs on LVEF are less pronounced in 

LBBB. CRT helps to achieve OMT

- patients with comorbidities: significant 

benefit



- Education of primary care and secondary care physicians, nurses and allied professionals

- Misconception of hampering referral is the definition of ‘response» – success of CRT must not be defined as the 
degree of reverse remodeling – but the grade of disease modification

- Stabilization must also be considered of success

- Best way to assess response: decrease in hospitalization, improvement in QoL and survival

- Important barrier to referral and acceptance of implantation: presence of comorbidities – CRT is beneficial in 
comorbidities

- Implantation is not the endo of the pathway: post CRT care to make the most of the opportunity and drug titration 
and device optimization should be delivered by a multidisciplinary post-CRT team

Greater penetration of the therapy
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change in LV architecture in 
patients with mild HF with CRT is 
associated with structural and 
functional remodeling

St. John SM et al, JACC HF 2017



Evolution of CRT implantation in a Real-world registry of 
2275 patients 
Despite pharmaceutical and technological innovations, an 
adjusted regression analysis revealed stable overall 
survival over time

- first period (P1) from the start of 
the registry (30 November 2000) to 
the publication of the MADIT-CRT 
findings on 1 October 2009. 

- Second period (P2) extended from 
the release of MADIT-CRT until the 
2013 ESC pacing and CRT 
guidelines (25 June 2013). 

- third period (P3) from the 
publication of the 2013 ESC 
guidelines to the publication of the 
2016 ESC guidelines on 20 May 
2016. 

- The fourth, (P4) time span from the 
2016 ESC guidelines to the last 
patient included on 31 December 
2019

Bijnens J et al, J Clin med. 2024



Individualizing CRT-P vs. 
CRT-D
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Mullens W et al, EJHF 2020



Herzinsuffizienz
die häufigste, tödlichste und teuerste aller Herzerkrankungen

Statistisches Bundesamt

Prävalenz Herzinsuffizienz nimmt zu.

3-4% in der CH, ca. 300‘000 Patienten
Prognose ist ähnlich wie bei häufigen 

Karzinomen

Führt zu mehr Hospitalisationen als 

Infarkte oder Tumore

Mamas MA. et al. EJHF 2017 Stewart, Ekman et al Circ CV Outcomes 2010



Allen et al.  Circulation 2012

Heart Failure

Natural History



High residual risk of adverse 

outcomes, even when treated with 

optimal guideline-directed therapy

The risk associated with heart failure with HFrEF 
versus atherosclerotic cardiovascular disease 

(ASCVD)

Butler J et al. EHJF 22



Management of advanced HFrEF patients

Tomasoni D et al, ESC Heart Failure 2022



(R)evolution der Herzinsuffizienz-Behandlung
Medikamente, Devices und Interventionen

Devices

ICDs

Sensing

 Devices

CRT, CRT-D

Pre-1980 1980s 1990s 2000s 2010s

Palliative

Drugs

Digitalis

Diuretics

Neurohormonal

Drugs

ACE-I

-Blockers
MR-

Antagonists

2015

ARNI

ARNI

LVAD

Transplantation

Iron 

2020

SGLT-2 

Inhibitors

Mitraclip
SGLT-2 

Inhibitors

Afib 

Ablation

Tafamidis

Telemonitoring

Ivabradine

Ruschitzka / Flammer

Vericiguat

CABG



Titration of HFrEF 
medication according to 
GFR

Mullens W et al, EJHF 2022

Starkt

- if GFR>60: quadruple therpy

- if GFR 30-60: triple therapy (BB, SGLT2, ARNI), if BP 

good and GFR>30 add MRA in a  2. stepp

- if GFR 15-30: triple trerapy (BB, SGLTS, ACEI low 

dose)

- if GFR<15: monotherapy (BB)

Titration

- if creatine increases less then 50%, potassium <5.5 

and no symptomatic hypotension: titrate ARNI or 

ACEI

- if HR >60% and no symptomatic hypotensin: titrate 

Beta-Blocker
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Cardiac Implantable Electronic Devices - CRT

Nov 2021stephan.winnik@usz.ch | CIED, MCS & Transplantation |

Atriale

Elektrode

Führungs-

katheter

V. subclavia

Koronar-

sinus

CRT

Koronarvenen

-system

Koronarsinus-

Elektrode

Rechtsventrikuläre

Elektrode

mailto:stephan.winnik@usz.ch
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Cardiac Implantable Electronic Devices - CRT

Nov 2021stephan.winnik@usz.ch | CIED, MCS & Transplantation |
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Cardiac Implantable Electronic Devices - CRT

Nov 2021stephan.winnik@usz.ch | CIED, MCS & Transplantation |Mullens et al., Eur Heart Journal of Heart Fail 2020 

Qualitative post-implant management

can influence the disease course !

mailto:stephan.winnik@usz.ch


Myocardial damage

Afterload
Preload

Perfusion

inadequate O2 distribution
Vasoconstriction

Salt Retention

Inotropie/

Chronotropie

Baroreceptors

Activation of the 
sympathetic 

nervous system

Long-term toxicity of
neurohormones

Myocardial
Dysfunction

Neurohormonal mechanisms of heart failure (HFrEF)

Activation of the Renin-
Angiotensin-System

Through the failing power 

of the heart, the body 

reacts as if blood loss 

happens:

Volume retention occurs, 

although enough volume 

actually is there 
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Herzinsuffizienz ist ein klinisches Syndrom, unabhängig von der Ätiologie

Behandlung basiert auf dem LVEF Phänotyp
HFmrEF - > «mildly reduced»



ESC GUIDELINES 2021

Algorithm for the
treatment of
HFrEF

„selected
patients“
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Treatment of HFmrEF – Update 2023

Treatment of HFpEF – Update 2023



C: eGFR 25-60 mL/min/1.73 m2, urinary albumin-to-creatinine ratio 30-300 mg/g, and diabetic retinopathy, or an eGFR 25-75 mL/min/1.73 m2 

and a urinary albumin-to-creatinine ratio 300-5000 mg/g, in FIDELIO-DKD;10 and an eGFR 25-90 mL/min/1.73 m2 and a urinary albumin-to-

creatinine ratio 30 to <300 mg/g, or an eGFR >60 mL/min/1.73 m and a urinary albumin-to-creatinine ratio 300-5000 me/g, in FIGARO-DKD.

ESC focussed update 2023: Finerenone bei Diabetes und 
Niereninsuffizienz

Kerendia

FIDELIO-DKD and FIGARO-DKD

Finerenone verbessert die 

Prognose bei 

Niereninsuffizienz und DM2

Pitt et al. NEJM 2021

Bakris et al. NEJM 2020



Finerenone: A non-steroidal MRA for HF and CKD

Nägele, Hernandez & Ruschitzka, Eur Heart J 2016



Highlight: FINEARTS-HF trial

Internationale, 

doppelblinde Studie 

in Patienten mit 

HFmrEF und HFpEF

(EF > 40%), 1:1 

Finerenone 20-40mg 

oder Plazebo. 

Endpunkt: 

«Composite of total 

worsening heart 

failure events 

(event= first or 

recurrent unplanned 

Hosp or urgent visit 

for HF) and death 

from CV cause” 
Charachteristics:

- 72J, 45% Frauen, vorherige HI-Hosp 60%

- BD 129mmHg, BMI 30, GFR 62ml/min, K 4.4mmol/l

- LVEF 52.5% (36%<50%), NTproBNP 1030ng/l, NYHA II-III

- 88% Hypertonie, 40% DM2, 38% VHF, 25% MI

- 85% BB, 36% ARB, 35% ACEI, 8% Sac/Val, 13% SGLT2, 87% 

Schleifendiuretika

Solomon SD et al, NEJM 2024

Rate Ratio 0.84 (0.74-0.95), p=0.007

Absolute rate reduction 3.3 per 100py

Total HF-Events

CV death

First HF Event or CV death

p=0.006

n.s.

p=0.002



Treatment for ALL HFrEF patients:
4 “pillars” to reduce Mortality for all patients with EF<40% (Class IA or B)

© perezdearenaza /​ iStock /​ Getty Images Plus

ACE-Inhibitor

Sacubitril/Valsartan

(ARB)

SGLT-2 Inhibitor
Mineralocorticoid

Receptor Antagonist
Beta-Blocker



Vandenbark B et al, EP Europace, 2018, 

Device Therapy on the waiting list fo TPL increases over the last 
decades  - use of ICD may improve survival

P1, period 1 (2002 until 2005); P2, period 2 (2006 until 

2009); P3, period 3 (2010 until 2014)



Georg M Fröhlich et al. Heart 2013

1089 consecutive patients 

listed for HTPL in two 

tertiary heart transplant 

centers

ICD implantation is associated with an immediate and sustained 
survival benefit for patients awaiting heart transplantation

Effect on all cause 

mortality (A) and 

death from any 

cause or need for 

assist devices (B)

Same if implanted 

while on the waiting 

list



Medical therapy and CRT improve FMR (by reverse 
remodeling, reducing preload and afterload)

Reverse remodeling achieved by beta-blocker is 
associated with reduction in MR in selected 
patients after 6 months

Waagstein, EJHF, 2003

MIRACLE: CRT improves MR

450 pts with LVEF < 35% and QRS>130 sec

John Sutton et al, Circulation 2007



Cardiac implantable electronic devices with a defibrillator component was 

associated wit significantly better survival during LVAD support (results from 

the PCHF‐VAD registry)

CIKES M et al, EJHF 2019



Research Group
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Vascular function, “Eye as a window to the 

heart”, Heart Failure, Volume regulation
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