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Objectives 

• Indications and evolution of the technology 

• Advancing surgical strategies 

• Contemporary outcomes and survival 

• Residual challenges and novel trends in MCS therapy 

 



Long-term MCS implant 

End-stage heart failure 

Bridge to Decision 

Bridge to recovery Destination therapy 

Bridge to HTx 

Designation and patients trajectory on durable MCS 



Pulsatile Technology 

Continuous Flow Technology: 
Centrifugal Design 

Continuous Flow Technology: 
Axial Design 

FDA Approved 

BTT 1998 

DT   2002 

FDA Approved 

BTT 2008 

DT   2010 

Pusher plate & 

Inflow and outflow valve 

Rotor with bearings 

Bearingless rotor with  

Magnetic Levitation 

HeartMate XVE 
HeartMate II 

HeartMate 3 

Heartware HVAD 

Technological evolution of MCS systems 



Durable  Left Ventricular Assist Devices (LVAD)-IKEM 
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HeartMate 3 LVAS 



Conventional implant strategy – full sternotomy 



Right   

hemisternotomy  

Anterolateral  

thoracotomy  

Less invasive implant strategy 



Maltais et al, OTTCVS 19:276-291.2018 

Less invasive implant strategy 



Alternative implant strategy – via left hemithorax 



Cardiopulmonary bypass avoidance strategies 

on ECMO on Impella 5.0 Full OFF-CPB 
 
• Semi-infectious 
     status 
• HIT 
 



Biventricular LVAD implant (BIVAD) 



Carmat Total Artificial Heart 

J Heart Lung Transplant 2021 



Principle of Carmat TAH operation – Sensors autoregulation 
 

 

 

1 – Blood flow assessment 

Inflow pressure measured by sensors every millisecond 
to calculate flow required 

 

2 – Flow auto-regulation 

Speed and direction of rotation of volumetric pumps 
adapted every 2 milliseconds to deliver the necessary 
pulsatile flow   

 

3 – Flow Control 

Position of the membranes checked by 2 ultrasound 
sensors every 2 milliseconds to ensure full ejection at 
every beat, to avoid stasis in blood compartment 

14 



Limited hemocompatibility of LVADs 

Pump thrombosis 
Stroke 

Gastrointestinal bleeding 



JACC 2015 

















Impact of advancing technology and the best practice 

Based on published data from multicenter experience and separate studies, which may involve different patient populations and other variables. Not a head to head comparison. Data presented for informational purposes only. 

79% - HeartMate 3 LVAD (2019)2 

76% - HeartMate II™ LVAD (2019)2 

24% - HeartMate XVE (2009)4 
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82% - Heart Transplant (2017)*1 

   

60% - HVAD† LVAD (2017)3 

Months after implant 

8% - OMM – REMATCH (2001)5 

*82% 2-year survival for adult heart transplants patients between 2009 and 20151 

References: 1. Lund LF, Khush KK, Cherikh WS, et al. The Registry of the International Society for Heart and Lung Transplantation: Thirty-fourth Adult Heart Transplantation Report—2017; Focus theme: allograft ischemic time. J 
Heart Lung Transplant. 2017;36:1037-1046. 2. Mehra MR, Uriel N, Naka Y, et al. A Fully Magnetically Levitated Ventricular Assist Device-Final Report. N Engl J Med. 2019. 3. Rogers JG, Pagani FD, Tatooles AJ, et al.  Intrapericardial 
Left Ventricular Assist Device for Advanced Heart Failure. N Engl J Med. 2017;376:451-60.  4. Slaughter MS, Rogers JG, Milano CA, et al. Advanced heart failure treated with continuous-flow left ventricular assist device. N Engl J Med. 
2009;361:2241-2251. 5. Rose EA, Gelijns AC, Moskowitz AJ, et al. Long-term use of a left ventricular assist device for end-stage heart failure. N Engl J Med. 2001 Nov 15;345(20):1435-43. 

58% - HMII DT4 (2009) 



J Heart Lung Transplant 2021 





Novel Technological MCS Platforms 

CARMAT TAH 



Evolution and pulse pressure… 



Pulsatility deficit and adverse events 

1) Mehra MR et al. Circulation. 2018,30;138(18):1923–34. 
 
 

Purohit et al. Circ Heart Fail. 2018;11:e004670. 

Purohit et al. Circ Heart Fail. 2018;11:e004670. 

#1 cause of 
hospital 

readmission1   



Inspired by fish  
tail motion 

30 

A Novel Heart Pump Inspired by Nature 

CorWave membrane  
is a unique technology 

Advantages for Pump 
Design 

High-Fidelity 
Pulsatility 

Lower Shear 
Pumping 

Adaptive 
Pumping 



CorWave Neptune Video 



54% 



40% 



Coplanar Energy System - LeviticusCardio 



Coplanar Energy System - LeviticusCardio 



New concepts in a long-term LVAD support 

Karate Aikido 

Power consumption: 4-5 W Power consumption:  approx. 1.2 W 



restored  C.O.  =  spontaneous  C.O.  +  ICOMS  C.O. 
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Transcutaneous Energy System - ICOMS Fineheart  



Conclusions 

• LVADs - established end-stage heart failure therapy 

• Minimally invasive and off-CPB implant amenable  

• Survival outcomes equivalent to HTx at 2 years 

• Strong signal of enhanced hemocompatibility 

• ”Fully internalized, ECG synchronized & pulsatile systems” 

       to address residual risks are warranted  



 



Maltais S. et al, OTTCVS 19:276-291.   

Alternative implant strategy – subclavian artery 



Shrnutí 

• Zásadní zlepšení dlouhodobého přežívání 

• Výsledky ekvivalentní s TxS ve 2 letech 

• Zvýšená tromborezistence – modifikovaná anti-trombotická Rx  

• Implantabilní pulsatilní systémy již klinickou realitou 

• Další snižování komplikací a zvýšení funkční kapacity 

      “Smart pumps” + ”Fully internalized systems” 

 



Inferences 

• LVADs - established end-stage heart failure therapy 

• Minimally invasive and off-CPB implant amenable  

• Survival outcomes equivalent to HTx at 2 years 

• Strong signal of enhanced hemocompatibility 

• ”Fully implantable systems & smart pumping features” 

       to address residual risks are warranted  



Impact of advancing technology and best practices 

Based on published data from multicenter experience and separate studies, which may involve different patient populations and other variables. Not a head to head comparison. Data presented for informational purposes only. 

79% - HeartMate 3 LVAD (2019)2 

76% - HeartMate II™ LVAD (2019)2 

24% - HeartMate XVE (2009)4 
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