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E. Braunwald, Textbook of Heart Disease. 

Definition der Herzinsuffizienz

„Die Unfähigkeit des Herzens, trotz eines ausreichenden
venösen Rückstroms eine für den Metabolismus der
peripheren Organe ausreichende Menge an Blut durch den
Organismus zu pumpen."



Herzinsuffizienz

Deutscher Herzbericht 2019



Chirurgische Herzinsuffizienztherapie

• Optimale medikamentöse Therapie

• Koronarchirurgie

• Klappenchirurgie

• Ventrikelrekonstruktion (Dor-Plastik)

• ECMO / Impella

• Assistsysteme

• Herztransplantation



Akute Herzinsuffizienz
Management of patients with advanced heart failurea
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Figure 4 Algorithm for the treatment of patients with advanced heart failure. BTB = bridge to bridge; BTC = bridge to candidacy; BTD = bridge to
decision; BTR = bridge to recovery; BTT = bridge to transplantation; CA= cardiac amyloidosis; DT= destination therapy; ESC = European Society of
Cardiology; HCM = hypertrophic cardiomyopathy; HF = heart failure; HFA = Heart Failure Association; HT = heart transplantation; INTERMACS =
Interagency Registry for Mechanically Assisted Circulatory Support; LVAD = left ventricular assist device; LVAD-BTC = left ventricular assist device !
bridge to candidacy; LVAD-DT = left ventricular assist device ! destination therapy; MCS= mechanical circulatory support. aThis algorithm can be applied
to all patients with advanced HF defined according to the ESC/HFA criteria,376 with exception of HCM, CA, arrhythmic storm, adult congenital heart dis-
ease, refractory angina. bRecurrent hospitalization, progressive end-organ failure, refractory congestion, inability to perform cardiopulmonary exercise test
or peak oxygen consumption <12 mL/min/kg or <50% of expected value.385 Colour code for classes of recommendation: Green for Class of recommen-
dation I and Yellow for Class of recommendation IIa (see Table 1 for further details on classes of recommendation).
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ECMO

Extracorporeal Life Support Organization

ECLS Registry Report
International Summary

April, 2021

Report data through 2020

3001 Miller Rd
Ann Arbor, MI 48103 USA
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bis zu 6 l Fluss
30 Tage zugelassen



ECMO vs. Impella



ECMO vs. Impella



ECMO:

Vorteil: Oxygenator, gute RH-Entlastung

Nachteil: keine Entlastung des LV

Impella:

Vorteil: LV-Entlastung

Nachteil: keine Oxygenierung

keine RV-Entlastung

ECMO vs. Impella



ECMELLA

Pappalardo et al., European Journal of Heart Failure (2017) 19, 404–412



ECMELLA

Eulert-Grehn et al., The Annals of Thoracic Surgery, 2021
Volume 111, Issue 2, Pages e135-e137



• Keine ausreichende Erholung nach ECMO oder Impella 

• Ischämische Kardiomyopathie (ICM)

• Dilatative Kardiomyopathie (DCM)

Chronische Herzinsuffizienz
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Quelle: DSO Tätigkeitsbericht 2020

Herztransplantation



Quelle: DSO Tätigkeitsbericht 2020

Herztransplantation

Herztransplantation
Mit 344 Organen im Jahr 2019 stieg die Zahl der durch- 
geführten Herztransplantationen im Vergleich zum Vorjahr  
um 26 Transplantationen. Gleichzeitig stieg die Anzahl der  
Anmeldungen zur Herztransplantation. Die Zahl der Wieder- 
holungsanmeldungen blieb zum Vorjahr gleich. Diese Zahl 
stellt eine erneute Anmeldung eines bereits transplantierten  
Patienten auf der Warteliste für das gleiche Organ dar  
abb 47.

Die Kardiomyopathie sowie die chronische ischämische  
Herzkrankheit sind bei insgesamt 22 Hauptdiagnosen  
die häufigsten Indikationen, die eine Herztransplantation  
notwendig machen. Bei einem Patienten sind mehrere  
Diagnosen möglich. Auf 525 von insgesamt 553 Fällen  
trafen die acht häufigsten Diagnosen zu abb 48.

abb 49 stellt den Stand der Warteliste Herz zum Stichtag  
31.12.2019 dar. Die Einstufung eines Patienten auf der Warteliste  
von »transplantabel« und »nicht transplantabel« kann im Laufe  
des Jahres variieren. 2019 gab es insgesamt 559 Anmeldungen  
auf die Warteliste und 529 Abgänge. 101 Patienten, die auf der  
Warteliste standen, verstarben im Berichtsjahr (2018: 82).
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Insgesamt:  22 Hauptdiagnosen bei  553 Fällen

Kardiomyopathie

Chronische ischämische Herzkrankheit

Sonstige und nicht näher bezeichnete  
Krankheiten des Kreislaufsystems

Sonstige angeborene 
Fehlbildungen des Herzens

Sonstige Herzkrankheiten bei  
anderenorts klassifizierten Krankheiten

Angeborene Fehlbildungen der Herzhöhlen  
und verbindender Strukturen

Angeborene Fehlbildungen  
der Aorten- und der Mitralklappe

Kardiomyopathie bei anderenorts  
klassifizierten Krankheiten
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organtransplantation | herztransplantation |  85

48
Indikationen für eine Herztransplantation 
Deutschland 2019   | Anzahl der häufigsten ICD-10 Hauptdiagnosen bei Neuanmeldung 

DSO 340

Quelle: Eurotransplant

49 
Warteliste Herztransplantation inkl. Anmeldungen und Abgängen 
Deutschland 2019   | Anzahl 
DSO 350

1.136 Warteliste 31.12.2019

 transplantabel 722            nicht transplantabel 414

 transplantiert 344              sonstiges 84       verstorben 101

529 Abgänge

559 Anmeldungen

Quelle: Eurotransplant
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Angeborene Fehlbildungen der Herzhöhlen  
und verbindender Strukturen
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47 
Anmeldungen und Herztransplantationen 
Deutschland 2014 bis 2019   | Anzahl 
DSO 330

 

517 483 458 440 499 559 Anmeldungen
512 477 450 429 493 553 davon Neuanmeldungen

5 6 8 11 6 6 davon Wiederholungsanmeldungen

304 286 297 257 318 344 Herztransplantationen

20182014 2015 2016 2017 2019

Quelle: Eurotransplant
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Mechanische Kreislaufunterstützung



Leftventricular Assist Device (LVAD)



Leftventricular Assist Device (LVAD)

Slaughter et al, NEJM 2009:361:2241
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LVAD-Implantation



LVAD-Implantation



Biventricular Assist Device (BVAD)



Biventricular Assist Device (BVAD)
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selection of patients [11]. Therefore, there is a need for treat-
ment for the sickest patients.

In cases of likely occurrence of RV failure after LVAD 
implantation, mechanical RV support may become neces-
sary (RV-MCS). RV-MCS can be temporary or long term. 
The results of temporary RVAD after LVAD implantation 
have been dismal [1, 8–10]. As to long-tern BIVADs, there 
can continuous flow (cf) and pulsatile BIVADs. As to cfBI-
VADs, there are several issues that need to be addressed: (1) 
cf-BIVADs are not designed as BIVAD and the companies 

do not officially recommend them (off-label use). (2) There 
is no reliable information about pulmonary blood flow. (3) 
There is no coordination between LVAD and RVAD and 
patients need to carry two independent controllers. (4) There 
is no real flow measurement, only calculation. (5) There is 
only limited response to peri-operative dynamic changes in 
pulmonary vascular resistance (PVR). Six months and 1 year 
survival reported are only 50–60% in highly selected patients 
[3, 4]. In contrast, pulsatile systems such as the Berlin Heart 
 EXCOR® coordinate flows for the left and right side using 
one controller. Moreover, they perform real cardiac output 
measurement as a product of stroke volume and pump rate.

Our results demonstrate that in selected centers, it is pos-
sible to achieve excellent results using biventricular mechan-
ical circulatory support, even in critically unwell patients, 
such as INTERMACS 1 (“crash and burn”) patients. The 
 EXCOR® Adult system is specifically designed for the 
comprehensive treatment of biventricular and consecutive 
end-organ failure with adjustable and pulsatile blood flow. It 
stands out for mid-term and long-term support, particularly 
for patients who are at INTERMACS level 1 and 2 at the 
time of implantation [6]. In summary, the PMCF study of 
 EXCOR® Adult BiVAD with newly implemented BL valves 
endorses the safe and effective strategy of treating biven-
tricular heart and severe end-organ failure.

In our European multi-center study, we were able to 
demonstrate outstanding long-term survival (92% at 1 year) 
even in patients with cardiogenic shock already supported 
by pre-operative ECLS. This figure is particularly notable 
when compared with the INTERMACS registry results, 
which show a poor 1-year survival of 45% for patients with 
pulsatile flow BiVAD (45%) [12]. The approach of ECLS in 
cardiogenic shock as a bridge-to-bridge strategy, followed by 
the implantation of a biventricular  EXCOR® Adult system is 
effective and associated with an improvement of end-organ 
function. It achieves excellent early and long-term survival 

Fig. 3  The Kaplan–Meier survival (a) and competing outcome results (b) for the patients on BIVAD support

Table 3  Device- and procedure-related adverse events

Patient years: 8.14
EEPY events per patient year, GI gastrointestinal bleeding, TIA tran-
sient ischemic attack, CVA cerebrovascular accident, CNS central 
nervous system
a No bileaflet valve malfunction

Complications Number Affected 
patients 
(n)

EPPY

Major bleeding
 GI bleeding 0 0 0.00
 Thoracic bleeding 3 3 0.37

Major infection
 Infection in retrocardiac hematoma 1 1 0.12
 Exit site infection 3 3 0.37

Neurological dysfunction
 TIA 1 1 0.12
 Ischemic CVA 3 3 0.37
 Hemorrhagic CVA 0 0 0.00

Arterial non-CNS thromboembolism 2 2 0.25
 Hemolysis 0 0 0.00
 Hepatic dysfunction 0 0 0.00
 Renal dysfunction 0 0 0.00
 Device  malfunctiona 1 1 0.12

Vol.:(0123456789)1 3
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Successful support of biventricular heart failure patients by new 
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Abstract
Aims The Berlin Heart  EXCOR® Adult biventricular assist device (BiVAD) is an approved mechanical circulatory support 
for patients with end-stage biventricular heart failure. In this prospective post-market clinical follow-up study, we present 
the first clinical experience of the new  EXCOR® Adult pump with bileaflet (BL) valves in Europe.
Methods and results After CE-mark approval in August 2014, a total of 12 patients were enrolled with a mean age of 
44 years ± 11 (range 21–58 years). The majority of patients (n = 11) were in INTERMACS level 1 or 2. Eight patients had 
a median pre-operative extracorporeal life support (ECLS) of 6 days (range 1–37 days). Primary end point was survival, 
either to heart transplantation (HTx), recovery or alive at 12 months on device, whichever occurred first. Secondary end 
point was the number of adverse events throughout  EXCOR® BiVAD support. Median support time up to last follow-up on 
 EXCOR® BiVAD device was 248 days (range 57–381 days) and patient survival at 1 year was 92%. Half of the  EXCOR® 
BiVAD patients (n = 6) were transplanted and five patients were still on support at 1 year post-implantation. Complications 
during  EXCOR® BiVAD support were thoracic bleeding, exit site infection and ischemic cerebrovascular incidents in three 
cases, respectively.
Conclusion The new  EXCOR® Adult pump with BL provides pulsatile high cardiac output with excellent outcome and 
successful bridging to HTx, particularly in critically ill patients with INTERMACS level 1 or 2 at the time of implantation.

Keywords Biventricular heart failure · Ventricular assist device · Bridge to transplant

Introduction

For patients treated with ventricular assist device (VAD) 
as bridge to heart transplantation (HTx), the prognosis is 
largely dependent on right ventricular (RV) function. Pre-
vious studies have shown that planned biventricular assist 
device (BiVAD) implantation using paracorporeal pulsa-
tile VAD leads to better outcomes compared to planned 
continuous-flow left ventricular assist device (cf-LVAD) 
implantation with additional intervention due to RV failure 
[1]. Patients who develop late RV failure during cf-LVAD 
support also have a significantly reduced 1-year survival 
of 40–50% [2]. When two cf-VADs are used as a BIVAD, 
1-year survival is between 50 and 60% [3, 4].The strategy of 
optimal patient selection and BiVAD implantation improves 
outcome using pulsatile VAD compared to delayed conver-
sion of cf-LVAD to BiVAD [5].

EXCOR® Adult (Berlin Heart GmbH) BiVAD is a par-
acorporeal pulsatile VAD approved for short-, mid- and 
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LVAD als BVAD



Total Artificial Heart (TAH)

https://www.dicardiology.com/content/fda-approves-study-syncardia-total-artificial-heart-destination-therapy



Total Artificial Heart (TAH)

https://www.epo.org/news-events/events/european-inventor/finalists/2016/carpentier_de.html

Carpentier et al., The Lancet, 2015, 386 P1556-1563



Chirurgische Herzinsuffizienztherapie

„Chirurgische Behandlung der Herzinsuffizienz bei 
koronaren und strukturellen Herzerkrankungen“



Fallbeispiel 1 Koronare Herzerkrankung

• Männlich, 71 Jahre

• ICM EF 20%

• Koronare Dreigefäßerkrankung
- Z.n. NSTEMI 2008 
- Z.n. PCI (90% LAD-TAXUS, 80% prox. RD1-PTCA, 75% RCA, 2/09)
- Z.n. PCI (de-novo Stenose prox. RIVA, DES 10.1.12)
- Z.n. PCI (elektiv DES RCA, 10.4.12)

• LSB
• Arterielle Hypertonie
• Persistierendes Vorhofflimmern

• EuroScore II: 3,1%



Fallbeispiel 1 Koronare Herzerkrankung

www.escardio.org/guidelines

©
ES

C

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

Recommendations for management of patients with HF and CCS
2021 HF Guidelines Class 2016 HF Guidelines Class

Coronary revascularization should be 
considered to relieve persistent 
symptoms of angina (or an angina 
equivalent) in patients with HFrEF, CCS, 
and coronary anatomy suitable for 
revascularization, despite OMT including 
anti-anginal drugs.

IIa

Myocardial revascularization is 
recommended when angina persists 
despite treatment with anti-anginal 
drugs.

I

What is new (20)



Fallbeispiel 1 Koronare Herzerkrankung



Fallbeispiel 1 Koronare Herzerkrankung

ICM, EF 20%, keine relevanten Klappenvitien



Fallbeispiel 1 Koronare Herzerkrankung

4xOPCAB (LAD, RIM, RMS, RCA)
mit Impella 5.0 über A. axillaris



Fallbeispiel 1 Koronare Herzerkrankung
Zweizeitige Implantation eines CRT-D Systems, EF 30-35%



Fallbeispiel 2 Koronare Herzerkrankung

• Männlich, 57 Jahre

• NSTEMI, ICM EF 20%
• Erstdiagnose einer koronaren Dreigefäßerkrankung
• MI II, TI II

• Diabetes Mellitus
• Nikotinabusus
• Schwierige Sozialanamnese (Compliance, Sprachbarriere, kein Telefon)

• EuroScore II: 7,65%



Fallbeispiel 2 Koronare Herzerkrankung

www.escardio.org/guidelines

©
ES

C

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

Recommendations for management of patients with HF and CCS Class
CABG should be considered as the first-choice revascularization strategy, in patients 
suitable for surgery, especially if they have diabetes and for those with multivessel 
disease.

IIa

In LVAD candidates needing coronary revascularization, CABG should be avoided, if 
possible. IIa

Coronary revascularization may be considered to improve outcomes in patients with 
HFrEF, CCS, and coronary anatomy suitable for revascularization, after careful evaluation 
of the individual risk to benefit ratio, including coronary anatomy (i.e. proximal stenosis 
>90% of large vessels, stenosis of left main or proximal LAD), comorbidities, life 
expectancy, and patient’s perspectives.

IIb

PCI may be considered as alternative to CABG, based on Heart Team evaluation, 
considering coronary anatomy, comorbidities, and surgical risk. IIb

What is new (6)



Fallbeispiel 2 Koronare Herzerkrankung



Fallbeispiel 2 Koronare Herzerkrankung



Fallbeispiel 2 Koronare Herzerkrankung

Levosimendan Loading präoperativ

3 x OPCAB (LAD, RMS, RIVP)

Pat. in gutem AZ mit Life-Vest nach Hause entlassen



Fallbeispiel 2 Koronare Herzerkrankung

Weiterhin reduzierte EF 20-25%, Pat. Beschwerdefrei und kompensiert, ICD-Evaluation



Fallbeispiel 3 Aortenklappenvitium

• Männlich, 59 Jahre

• Hochgradige Aortenklappenstenose mit Insuffizienz
Pmax 61 mmHG, Pmean 45 mmHG, AÖF 0.9 cm2

• EF 35%
• Arterielle Hypertonie
• Chronische Niereninsuffizienz
• COPD, Ex-Raucher
• Ausschluss KHK
• EuroScore II: 1,58%



www.escardio.org/guidelines

©
ES

C

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

Recommendations for management of patients with HF and valvular heart disease Class
Aortic valve intervention, TAVI or SAVR is recommended in patients with HF and severe 
high-gradient aortic stenosis to reduce mortality and improve symptoms. I

It is recommended that the choice between TAVI and SAVR be made by the Heart Team, 
according to individual patient preference and features including age, surgical risk, 
clinical, anatomical and procedural aspects, weighing the risks and benefits of each 
approach.

I

Percutaneous edge-to-edge mitral valve repair should be considered in carefully 
selected patients with secondary mitral regurgitation, not eligible for surgery and not 
needing coronary revascularization, who are symptomatic despite OMT and who fulfil 
criteria to achieve a reduction in HF hospitalizations.

IIa

Percutaneous edge-to-edge mitral valve repair may be considered to improve symptoms 
in carefully selected patients with secondary mitral regurgitation, not eligible for surgery
and not needing coronary revascularization, who are highly symptomatic despite OMT 
and who do not fulfil criteria for reducing HF hospitalization.

IIb

What is new (7)

Heart T
eam Approach

!

Fallbeispiel 3 Aortenklappenvitium



www.escardio.org/guidelines

©
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2021 ESC/EACTS Guidelines for the management of valvular heart disease
(European Heart Journal; 2021 – doi: 10.1093/eurheartj/ehab395; European Journal of Cardio-Thoracic Surgery; 2021 – doi: 10.1093/ejcts/ezab389)

Level of 
evidence A

Data derived from multiple randomized clinical trials or meta-analyses.

Level of 
evidence B

Data derived from a single randomized clinical trial or large non-
randomized studies.

Level of 
evidence C

Consensus of opinion of the experts and/or small studies, retrospective 
studies, registries.

Recommended mode of intervention in patients with aortic stenosis
2017 VHD Guidelines Class 2021 VHD Guidelines Class

SAVR is recommended in patients at 
low surgical risk (STS or EuroSCORE II 
<4% or logistic EuroSCORE I <10%, and 
no other risk factors not included in 
these scores, such as frailty, porcelain 
aorta, sequelae of chest radiation).

I

SAVR is recommended in younger 
patients who are low risk for surgery 
(<75 years and STS-PROM/ 
EuroSCORE II <4%) or in patients who 
are operable and unsuitable for 
transfemoral TAVI.

I

TAVI is recommended in patients who 
are not suitable for SAVR as assessed 
by the Heart Team.

I

TAVI is recommended in older 
patients (≥75 years), or in those who 
are high-risk (STS-PROM/ EuroSCORE
II >8%) or unsuitable for surgery.

I

What is new (9)
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Intraoperativ, EF 10%, Kein HLM-Weaning möglich, ECMO

2018 Aortenklappenersatz
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2020

2 Jahre post AKE+LVAD, Komplettes Reverse Remodeling, EF 65%
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Fallbeispiel 4 Mitralklappenvitium

• Weiblich, 63 Jahre

• DCM EF 35%, Hochgradige Mitralinsuffizienz

• Z.n. CRT-Implant 2013
• Paroxysmales VHF

• Z.n. mehrfacher kardialer Dekompensation
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations for management of patients with HF and valvular heart disease Class
Aortic valve intervention, TAVI or SAVR is recommended in patients with HF and severe 
high-gradient aortic stenosis to reduce mortality and improve symptoms. I

It is recommended that the choice between TAVI and SAVR be made by the Heart Team, 
according to individual patient preference and features including age, surgical risk, 
clinical, anatomical and procedural aspects, weighing the risks and benefits of each 
approach.

I

Percutaneous edge-to-edge mitral valve repair should be considered in carefully 
selected patients with secondary mitral regurgitation, not eligible for surgery and not 
needing coronary revascularization, who are symptomatic despite OMT and who fulfil 
criteria to achieve a reduction in HF hospitalizations.

IIa

Percutaneous edge-to-edge mitral valve repair may be considered to improve symptoms 
in carefully selected patients with secondary mitral regurgitation, not eligible for surgery
and not needing coronary revascularization, who are highly symptomatic despite OMT 
and who do not fulfil criteria for reducing HF hospitalization.

IIb

What is new (7)
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www.escardio.org/guidelines
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2021 ESC/EACTS Guidelines for the management of valvular heart disease
(European Heart Journal; 2021 – doi: 10.1093/eurheartj/ehab395; European Journal of Cardio-Thoracic Surgery; 2021 – doi: 10.1093/ejcts/ezab389)

Level of 
evidence A

Data derived from multiple randomized clinical trials or meta-analyses.

Level of 
evidence B

Data derived from a single randomized clinical trial or large non-
randomized studies.

Level of 
evidence C

Consensus of opinion of the experts and/or small studies, retrospective 
studies, registries.

Indications for mitral valve intervention in chronic severe secondary mitral regurgitation
2017 VHD Guidelines Class 2021 VHD Guidelines Class

Patients without concomitant coronary artery or other cardiac disease requiring treatment
When revascularization is not indicated 
and surgical risk is not low, a 
percutaneous edge-to-edge procedure 
may be considered in patients with 
severe secondary mitral regurgitation 
and LVEF >30% who remain 
symptomatic despite optimal medical 
management (including CRT if 
indicated) and who have a suitable 
valve morphology by 
echocardiography, avoiding futility.

IIb

TEER should be considered in selected 
symptomatic patients, not eligible for 
surgery and fulfilling criteria suggesting 
an increased chance of responding to 
the therapy.

IIa

What is new (16)
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2021 ESC/EACTS Guidelines for the management of valvular heart disease
(European Heart Journal; 2021 – doi: 10.1093/eurheartj/ehab395; European Journal of Cardio-Thoracic Surgery; 2021 – doi: 10.1093/ejcts/ezab389)

Level of 
evidence A

Data derived from multiple randomized clinical trials or meta-analyses.

Level of 
evidence B

Data derived from a single randomized clinical trial or large non-
randomized studies.

Level of 
evidence C

Consensus of opinion of the experts and/or small studies, retrospective 
studies, registries.

Indications for mitral valve intervention in chronic severe secondary mitral regurgitation
2017 VHD Guidelines Class 2021 VHD Guidelines Class

Patients without concomitant coronary artery or other cardiac disease requiring treatment
In patients with severe SMR and LVEF 
<30% who remain symptomatic 
despite optimal medical management 
(including CRT if indicated) and who 
have no option for revascularization, 
the Heart Team may consider a 
percutaneous edge-to-edge procedure 
or valve surgery after careful 
evaluation for a ventricular assist 
device or heart transplant according to 
individual patient characteristics.

IIb

In high-risk symptomatic patients not 
eligible for surgery and not fulfilling 
the criteria suggesting an increased 
chance of responding to TEER, the 
Heart Team may consider in selected 
cases a TEER procedure or other trans-
catheter valve therapy if applicable, 
after careful evaluation for ventricular 
assist device or heart transplant.

IIb
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Pat. im Follow-Up in klinisch 
sehr gutem Zustand mit 
subjektiv guter Lebensqualität



Indikationen zur LVAD-Implantation
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Screening for heart transplantation and left
ventricular assist system: results from
the ScrEEning for advanced Heart Failure
treatment (SEE-HF) study
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Background Heart transplantation (HTx) and implantable left ventricular assist systems (LVAS) improve outcomes in advanced
heart failure but may be underutilized. We hypothesized that screening can identify appropriate candidates.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Methods
and results

The ScrEEning for advanced Heart Failure treatment (SEE-HF) study was a multicentre prospective study screening
patients with existing cardiac resynchronization therapy (CRT) and/or implantable cardioverter-de!brillator (ICD) for
ejection fraction ≤40% and New York Heart Association (NYHA) class III–IV, and subsequently for guideline-based
HTx and LVAS indication. Of 1722 (mean age 64± 14 years, 26% women) patients screened at eight centres in seven
European countries, 121 (7.0%) were eligible and 99 (5.7%; mean age 61± 10 years, 19% women) patients were
enrolled for detailed assessment. Twenty-six of the 99 enrolled patients (26%) were eligible for either HTx or LVAD
(18 eligible for HTx; 7 eligible for LVAD; and 1 eligible for both). Eleven patients were listed for HTx and three
received an LVAS. Eligible patients were 61± 8 years and 19% women, whereas those actually receiving intervention
were 56± 8 years and 8% women.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Conclusions Among patients with CRT and/or ICD, a minority have NYHA class III–IV heart failure and ejection fraction ≤40%.

Among these, however, more than one-quarter have an unrecognized need for HTx or LVAS. When patients are
offered intervention based on screening, many decline. Discrepancies exist between clinical and patient equipoise.
Clinical Trial Registration ClinicalTrials.gov Unique Identi!er: NCT00894387. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Heart failure • Heart transplantation • Left ventricular assist system • Mechanical circulatory
support • Screening

*Corresponding author. Unit of Cardiology, Karolinska Institutet, Karolinska University Hospital, N305 17176 Stockholm, Sweden. Tel: +46 8 51770000, Fax: +46 8 311044, Email:
Lars.Lund@alumni.duke.edu
†Executive Committee.
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Patients with CRT and/or ICD + NYHA III-IV + EF<40%

Ø Among these, more than one quarter have an unrecognized need for HTX or LVAD



Frühzeitige Patienten-Identifikation

Klinische Zeichen die zu einer LVAD-Evaluation führen sollten:

• Hospitalisation innerhalb von 6 Monaten ohne reversiblen Grund

• End-Organ Dysfunktion (meist renal, aber auch hepatisch und cerebral)

• Intoleranz gegenüber ACE-Inh., Sartan, Betablocker, etc. (Hypotension)

• Hoch-Dosis Diuretika

• Rhythmusstörungen / Defibrillatorschocks

• Inotropikabedarf

• Verschlechterung der RH-Funktion



Massie BM, Am Heart J 1997; 133: 703–712 
Boyko WL, AM Heart J 1999; 137: 115–119
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Hospitalizations because of heart failure 
reduce the lifetime

Zeitpunkt der LVAD Implantation



Katherine Lietz, 2008

Zeitpunkt der LVAD Implantation



Zeitpunkt der LVAD ImplantationO U T C O M E  C L I N I C A L  P R O F I L E  

Kirklin JK et al. J Heart Lung Transplant 2017 



Quelle: Kirklin et al., J Heart Lung Transplant 2018;37:685-691

Survival



Quality of Life

Krabatsch T et al. J Cardiothorac Surg. 2017 Apr 4;12(1):23.

NYHA-Stadium 6-min Gehtest



Home Monitoring

Commercial in Confidence. All rights reserved. Inavya Ventures Ltd. London. 2018

augmented

intelligence

A natural and intuitive experience, designed to help the patient report 
relevant data and connect with the physician through a highly 

personalised Conversational Interface (CI).

Patient engages 
physician via chatbot

Machine learning processes and prioritises the data exchanged 
between patient and physician.

AVATR facilitates 
the conversation

Timely and contextual data – unique to each patient – is 
intelligently surfaced, allowing the physician to make clearer, 

more informed decisions anywhere, anytime.  

Physician monitors 
patient remotely

Connecting patient & physician
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symptoms, weight, heart rate, and BP, can be collected frequently,
stored in an electronic health record and used to guide patients
(directly or through a healthcare professional), to adjust therapy or
to seek further advice. Home telemonitoring (HTM) can help main-
tain quality of care, facilitate rapid access to care when needed,
reduce patient travel costs, and minimize the frequency of clinic vis-
its.355 Enforced cessation of face-to-face consultations in many coun-
tries during the recent COVID-19 pandemic have highlighted some
of the potential advantages of HTM.356

Trials of HTM are diverse. Patients are usually required to make
measurements and, as for many other aspects of HF management,
adherence may be incomplete. HTM may be provided as a local,
regional, or national service. Systems that focus on optimizing
management rather than detecting and managing medical emer-
gencies need only to be staffed during standard working hours.
Some systems are designed also to offer support at any time
requested by the patient. The comparative effectiveness and cost
effectiveness of each strategy is uncertain. Systems that focus on
continuous optimization of care (a health maintenance approach)
rather than trying to anticipate and manage episodes of worsening
(a strategy that is plagued by a large number of false-positive
alerts), appear more successful.357 HTM is an efficient method for
providing patient education and motivation and aiding delivery of
care, but it should be adapted to work in synergy with existing
healthcare provision.358

A Cochrane systematic review conducted in 2017 identified 39
relevant trials of HTM, largely based on assessments of symptoms,
weight, heart rate and rhythm, and BP and found that HTM was asso-
ciated with a reduction in all-cause mortality of 20% and HF hospital-
ization of 37%.359 Since then, several neutral trials and at least one
positive trial have been published.357,360!364 These are unlikely to
change the positive results of the systematic review. Importantly, if
social distancing and the ‘green’ agenda are important, HTM only
needs to show that it is not inferior to contemporary methods of
delivering care to be an appropriate means of supporting care.356

Whether wearable technologies for monitoring heart rate and
rhythm or lung congestion (bio-impedance or lung radar) offer addi-
tional benefits to conventional HTM described above is
uncertain.365!367

Many implanted therapeutic devices can provide, wirelessly and
remotely, information either on the device itself (generator and lead
function), arrhythmias, or on patient physiology (heart rate, activity,
heart sounds, bio-impedance). There is strong evidence that moni-
toring can detect device malfunction earlier than by conventional
monitoring and that it may be useful for detecting arrhythmias such
as AF. However, there is little evidence that device monitoring
reduces admissions for HF or mortality.368!370,371

Devices that only provide a monitoring function are also available.
Implantable loop-recorders can be injected subcutaneously and used
to monitor heart rate and rhythm, activity, and bio-impedance.
Monitoring devices can also be placed in the pulmonary artery to
monitor pressure wirelessly, although the external reader required
to detect the device signal is rather bulky and requires patient co-
operation. A rise in diastolic pulmonary artery pressure may be one
of the earliest signs of congestion. A preliminary, but fairly substantial,
trial showed a reduction in the risk of recurrent HF hospitalization.372

A much larger trial has completed recruitment (GUIDE-HF).373

Thus, non-invasive HTM may be considered for patients with HF
in order to reduce the risk of recurrent CV and HF hospitalizations
and CV death; further evidence on management guided by implanted
systems is awaited.374

10 Advanced heart failure

10.1 Epidemiology, diagnosis, and
prognosis
Many patients with HF progress into a phase of advanced HF, charac-
terized by persistent symptoms despite maximal therapy.375!377 The
prevalence of advanced HF is increasing due to the growing number
of patients with HF, ageing of the population, and better treatment
and survival of HF. Prognosis remains poor, with a 1-year mortality
ranging from 25% to 75%.378!380

The updated HFA-ESC 2018 criteria for the definition of advanced
HF are reported in Table 13.376 A severely reduced LVEF is common
but not required for a diagnosis of advanced HF as it may develop in
patients with HFpEF as well. In addition to the reported criteria,
extra-cardiac organ dysfunction due to HF (e.g. cardiac cachexia,
liver or kidney dysfunction) or type II pulmonary hypertension
may be present, but are not required for the definition of advanced
HF.376

The Interagency Registry for Mechanically Assisted Circulatory
Support (INTERMACS) profiles, developed to classify patients
with a potential indication for durable MCS devices, describes
clinical parameters and characteristics consistent with a need for
advanced therapies (Table 14).381 This classification has also been
shown to be useful in estimating the prognosis of patients under-
going urgent heart transplantation382 or LV assist device (LVAD)
implantation,383 and for risk assessment in ambulatory advanced
HF patients.384

Prognostic stratification is important to identify the ideal time for
referral to an appropriate centre (i.e. one capable of providing
advanced HF therapies), to properly convey expectations to patients
and families, and to plan treatment and follow-up strategies

Recommendations for telemonitoring

Recommendations Classa Levelb

Non-invasive HTM may be considered for

patients with HF in order to reduce the risk of

recurrent CV and HF hospitalizations and CV

death.374

IIb B

Monitoring of pulmonary artery pressure using a

wireless haemodynamic monitoring system may

be considered in symptomatic patients with

HFrEF (LVEF <_35%) in order to improve clinical

outcomes.372

IIb B

CV = cardiovascular; HF = heart failure; HFrEF = heart failure with reduced ejec-
tion fraction; HTM = home telemonitoring; LVEF = left ventricular ejection
fraction.
aClass of recommendation.
bLevel of evidence.
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