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Number of patients with Advanced HF and 
potential permanent LVAD candidates in Europe

Based on Miller LW, Guglin M. J Am Coll Cardiol 2013; 61: 1209–1221 
and Ponikowski et al. ESC Heart Fail. 2014 Sep;1(1):4-25. 

750 millions European population

HF: ≈ 2% population ≈ 15 millions total

≈ 50% systolic HF ≈  7.5 millions

7-10% Class IIIB-IV 500-750.000

Class IIIB+IV, <75 yrs, no major comorbidities
≈ 100-200.000 pts

Theoretical candidates for VAD support 



Prevalence and survival curves of 
subjects at different stages of HF 

Khawaja Afzal Ammar et al. Circulation. 2007;115:1563-1570



Advanced Heart Failure

• Progressive and persistent severe signs and 
symptoms of heart failure 

• Frequent episodes of decompensation 
• Lack of efficacy of conventional medical, 

surgical, and device (CRT/ ICD) therapy. 

• Need of advanced therapies 
– Cardiac transplantation
– Mechanical circulatory assistance 
– Palliative therapies, e.g. inotropic infusions, 

ultrafiltration, peritoneal dialysis, others





HFA criteria for Advanced chronic HF:
2007 position statement 

1. Severe symptoms of HF (NYHA class III or IV) with

2. Episodes of fluid retention and/or peripheral 
hypoperfusion

3. History of ≥1 HF hospitalization in the past 6 months

4. Severe cardiac dysfunction (EF<30%, high PWP/ 
BNP)

5. Severe impairment of functional capacity (inability to 
exercise, 6MWTD<300, pVO2 <12-14)

6. All the previous features despite “attempts to 
optimise” therapy, including β-blockers and ACE 
inhibitors

Metra, Ponikowski, Dickstein et al. EJHF 2007; 9:684-694



Circulation. 2013; 128, 16: 1810-1852, DOI: (10.1161/CIR.0b013e31829e8807) 

Stages in the development of heart 
failure: ACCF/AHA Guidelines



INTERMACS Profiles

Stage Definition Description

1 Critical cardiogenic shock “Crash and burn”

2 Progressive decline “Sliding fast” on 
inotropes

3 Stable but inotrope
dependent

Stable on inotropes

4 Recurrent advanced HF “Frequent flyer”
5 Exertion intolerant “housebound”
6 Exertion limited “walking wounded”
7 Advanced NYHA class III

Stevenson et al. J Heart Lung Transplant 2009; 28:535



INTERMACS profiles

• Developed to classify patients undergoing long-term 
mechanical circulatory support (MCS) implantation 
– based on the symptoms present at the time of 

implantation 
– specific for HFrEF, whereas the term of advanced 

HF should be applied to all the patients with HF, 
independently from their LVEF



Current limitations of the 2007 position 
statement on advanced HF

• The treatment armamentarium for HFrEF has 
improved: CRT, ivabradine, ARNI

• Outpatient visits with i.v. loop diuretics and/or other 
vasoactive medications are often replacing HF 
hospitalizations

• Recurrent malignant arrhythmias are now well 
recognized contributors to and can be consequences of 
advanced HF

• Co-morbidities can complicate the clinical course and 
evaluation of patients with advanced HF, and influence 
candidacy for MCS or heart transplantation

• LVAD technology has had major improvements







Updated HFA-ESC criteria for defining 
advanced HF



• Over 1 million hospitalizations
annually in Europe or US 

• Poor patient survival: the mortality 
rate at 1 year up to 17–37%

• High rehospitalization rates, up to 
40-50%

• 5–42% of patients may experience 
in-hospital worsening heart failure 
(WHF)

• Limited evidence for many 
commonly used AHF treatments with 
no proven long-term benefits

Acute HF leads to and is a frequent 
presentation of advanced HF

Benjamin EJ, et al. Circulation 2017;135(10):e146-e603; Cowie MR, et al. ESC Heart Failure 2014;1:110-45
Gheorghiade M, et al. J Am Coll Cardiol 2013;61(4):391-403; Butler J, et al. Eur J Heart Fail 2015;17(11):1104-13; 
Gheorghiade M, et al. Am J Cardiol 2005;96(6A):11G-17G5. 
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Disease progression

Chronic decline

Hospitalizations for acute
decompensation episodes

Adapted from Gheorghiade M, et al. 2005

Altered patient trajectory



Eur J Heart Fail, First published: 24 July 2019, DOI: 10.1002/ejhf.1566



Indications to short-term MCS

• Cardiogenic shock
− ACS / Mechanical complications
− Acute myocarditis
− Advanced HF

• Post-cardiotomy
− Fail wean cardiompulmonary bypass / Post cardiopulmonary bypass
− Post-Tx allograft failure or RV failure
− Post-LVAD RV failure

• Cardiac arrest / refractory arrhythmia

• Prophylactic
− High risk PCI or high risk EP procedures
− Prophylactic temporary RVAD at LVAD implantation

ESC HF Guidelines EHJ 2016
Rihal, SCAI/ACC/HFSA/STS Statement, JACC 2015
ISHLT Guidelines for MCS, JHLT 2013



↑ DBP
↓ Afterload
↓ Myocardial O2 
consumption
↑ Coronary
perfusion
↑ CO by 0.5 L/min

Rihal et al. SCAI/ACC/HFSA/STS Statement, JACC 2015

Types of short-term MCS

IABP
Low cost
Percutaneous, easy to 
insert and  remove 
Duration: days





Thiele H et al. N Engl J Med 2012;367:1287-1296.

IABP-SHOCK-II trial: Time-to-Event Curves for 
the Primary End Point (all-cause mortality)



Thiele et al. The Lancet 2013 382, 1638-1645DOI: (10.1016/S0140-6736(13)61783-3) 

Intra-aortic balloon counterpulsation in acute 
myocardial infarction complicated by cardiogenic 

shock (IABP-SHOCK II): final 12 month results



Ponikowski et al, Eur J Heart Fail 2016; 18: 891-975.

Indications to MCS  in 2016 ESC Heart Failure 
Guidelines 

Recommendations Class level

IABP is not routinely recommended in cardiogenic shock III B

Short-term mechanical circulatory support may be considered in 
refractory cardiogenic shock depending on patient age, 
comorbidities and neurologic function

IIb C



LV to aorta:
Impella
Percutaneous
Anticoagulation
Duration: days

LA to aorta:
TandemHeart
Percutaneous
Anticoagulation
Duration: days-weeks

RA to membrane
to aorta: VA ECMO
Percutaneous
Anticoagulation
Duration: weeks-months

↓ Filling
pressure
↓ LV wall stress
↓ LV work
↓ Myocardial
O2 
consumption
Provides 2.5-
3.5 L/min

↑ DBP
↓ Afterload
↓ Myocardial O2 
consumption
↑ Coronary
perfusion
↑ CO by 0.5 L/min

↓ Preload and 
filling pressure
↑ Afterload
↓ LV wall stress
↓ LV work
↓ Myocardial
O2 
consumption
Provides 5 
L/min

↓ RV preload
↑ coronary, cerebral,  
peripheral 
perfusion;
↑ blood oxygen 
↑ LV Afterload
↑ LV wall stress
Provides 6-8 L/min

Modified from Rihal et al. SCAI/ACC/HFSA/STS Statement, JACC 2015

IABP
Low cost
Percutaneous, easy to 
insert and  remove 
Duration: days

Types of short-term MCS



ECMO during cardiac arrest and cardiogenic 
shock: a systematic review and meta-analysis

Ouweneel et al. Intensive Care Med  2016;42:1922–1934.







Ponikowski et al, Eur J Heart Fail 2016; 18: 891-975.

Indications to MCS  in 2018 ESC 
Revascularization Guidelines 

Recommendations Class level

Routine use of IABPs in patients with cardiogenic shock due to 
ACS is not recommended

III B

In selected patients with ACS and cardiogenic shock, short-term 
mechanical circulatory support may be considered, depending on 
patient age, comorbidities, neurological function, and the 
prospects for long-term survival and predicted quality of life.

IIb C



Neumann F et al. European Heart Journal, Volume 40, Issue 2, 07 January 2019, Pages 87–
165, https://doi.org/10.1093/eurheartj/ehy394

2018 ESC Revascularization Guidelines: 
Algorithm for the management of patients with 

cardiogenic shock.



Indications to percutaneous mechanical support in 
2016 ESC HF GLs 

• Bridge to recovery

– to support patients with left or biventricular failure 
until cardiac and other organ function have 
recovered. Typically a few days to weeks. 

• Bridge to decision

– to stabilize haemodynamics, recover end-organ 
function and allow for a full clinical evaluation for the 
possibility of either heart transplant or a more durable 
MCS device in patients with acute and rap-idly 
deteriorating HF or cardiogenic shock 

Ponikowski et al, Eur J Heart Fail 2016; 18: 891-975.







Competing outcomes of temporary MCS as a direct bridge 
to heart transplantation: a nationwide Spanish registry

Crspo-Leiro et al. European Journal of Heart Failure, Volume: 20, Issue: 1, 
Pages: 178-186, First published: 26 September 2017, DOI: 

(10.1002/ejhf.956) 



One year survival with temporary MCS as a direct bridge to 
heart transplantation: a nationwide Spanish registry

Crspo-Leiro et al. European Journal of Heart Failure, Volume: 20, Issue: 1, Pages: 
178-186, First published: 26 September 2017, DOI: (10.1002/ejhf.956) 





Figure 2 

The Journal of Heart and Lung Transplantation 2019 38, 858-869DOI: (10.1016/j.healun.2019.04.003) 

Kaplan–Meier estimates for patient 
survival within 1 year



Figure 4 

The Journal of Heart and Lung Transplantation 2019 38, 858-869DOI: (10.1016/j.healun.2019.04.003) The Journal of Heart and Lung Transplantation 2019 38, 858-869DOI: (10.1016/j.healun.2019.04.003) 

Risk factors for death at 1 year after Tx
(3rd quartile vs 1st quartile for continuous variables)



Figure 5 

The Journal of Heart and Lung Transplantation 2019 38, 858-869DOI: (10.1016/j.healun.2019.04.003) 
Copyright © 2019 International Society for Heart and Lung Transplantation Terms and Conditions





HeartMate II HeartMate III HeartWare



Recommendations for LVAD implantation

Rose et al. N Engl J Med 2001; 345: 1435-43; Slaughter et al. N Engl J Med 2009; 
361:2241-51; Estep et al. J Am Coll Cardiol 2015; 66:1747-61

Ponikowski et al. Eur J Heart Fail 2016; 18 891-975



Stavros G. Drakos JACC 2014;63:1758-1760

Survival rates in trials and registry reports of Heart 
Tx and chronic MCS as destination therapy (DT)



Diagrams of the Axial-Flow Pump and the 
Centrifugal-Flow Pump.

Mehra MR et al. N Engl J Med ;376:440-450





Kaplan–Meier Estimates of the Primary End Point in 
the Intention-to-Treat Population.

Mehra MR et al. N Engl J Med 2018;378:1386-1395



Actuarial Freedom from Stroke of Any 
Severity in the Per-Protocol Population.

Mehra MR et al. N Engl J Med 2018;378:1386-1395



Kaplan–Meier Estimates of the Primary End Point in the 
Intention-to-Treat Population.

Mehra MR et al. N Engl J Med 2019;380:1618-1627



Principal Safety Outcomes in the Per-
Protocol Population.

Mehra MR et al. N Engl J Med 2019;380:1618-1627



Baseline Characteristics of Patients in the Intention-to-Treat Population.

Mehra MR et al. N Engl J Med 2019;380:1618-1627



Primary and Principal Secondary End 
Points.

Mehra MR et al. N Engl J Med 2019;380:1618-1627



Postdischarge End Points among Patients Discharged while Receiving Left Ventricular Assist 
Device Support (Per-Protocol Population).

Mehra MR et al. N Engl J Med 2019;380:1618-1627







INTERMACS stages for patients with 
advanced heart failure

Ponikowski et al. Eur J Heart Fail 2016; 18 891-975



Take home messages

• ECMO is among the best options for short-
term MCS in patients with acute HF

• ECMO is associated with worse post-TX 
mortality

• LVAD is the best option as a bridge to Tx
• MOMENTUM 3 has shown improved survival

free of survival free of disabling stroke or 
reoperation to replace or remove a 
malfunctioning device


