
Beating …. Artificial
Heart Implantation

Current status of 
Artificial Heart
Francesco Musumeci MD, FECTS

Director Department of Cardivascular Medicine
Director Cardiac Surgery and Transplantation

San Camillo Hospital – Rome, Italy



1966



1° generation 
“volume 

displacement
pump”

2° generation 
“continous
flow rotary

pump”

3° generation 
“FullMagnetic

levitation”

LVAD evolution



2002

2005

2009

2013

2016

HeartMate I

HeartMate II

HeartMate III

HVAD HeartWare

LVAD sOspedale S. Camillo Forlanini - Roma



Rose, EA; et al NEJM 2001



Kirklin JK.  J Thorac Cardiovasc Surg 2012







LVAD Survival
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Continuous Flow LVAD/BiVAD implants:  2008 – 2013, n= 9372
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• OMT Therapy Group • VAD Therapy Group

28 Alive
52 Alive

Maximize functional capacity and 
quality of life

Long Term MCS



29 Alive

Decrease mortality associated with 
advanced heart failure

Long Term MCS



Transcutaneous LVAD energy
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Destination
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Bridge to
recovery



▪ When is indicated?

▪ What is available
today for clinical use?

Total Artificial Heart



When LVAD?        
When BiVAD/THA?

Key decision when
assessing patients for VAD 

indication. Right ventricular
failure during LVAD support
is correlated with increased

morbidity and mortality.
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▪ LVAD + temporary right  

ventricular support

▪ Total Artificial Heart

▪ Bi-Ventricular support

S. Camillo protocol

LV + RV disfunction



LVAD + temporary RVAD

LVAD and

Temporary RVAD



Clinical Criteria for BiVAD/TAH 
▪ Biventricular failure with pronounced RV failure

• high CVP, low PAP, peripheral edema, seveve TR

▪ Profound cardiogenic shock with MOF

• renal failure (oliguria and/or increase of creatinine)

• hepatic failure (increase of bilirubin and GPT /GOT)

• lung failure (edema, need for mechanical ventilation)

• acidosis

• high doses of inotropes

• MAP < 60 mmHg

▪ Severe ventricular arrhythmia



Total Artificial Heart
Jarvik 7
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W. Devries

Total Artificial Heart Jarvik 7
First Implant 1982



CardioWest
Total Artificial Heart



CardioWest
Total Artificial Heart

▪ Occupies space of diseased 
heart

• Displaces 400 ml

• Weighs 160 grams

▪ Blood flow path same as 
normal heart

▪ Adjustable ventricle orientation

▪ No surgical pocket required



CardioWest Total Artificial Heart



CardioWest
Total Artificial Heart



▪Decreased CVP
▪Overcome PAP
▪ Cardiac Output
▪Organ Recovery
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TAH Advantages



TAH Advantages: Recovery



as of December 2017

CardioWest
Total Artificial Heart



CardioWest
Total Artificial Heart

BTT (APPROVED INDICATION) DT (APPROVED INDICATION)



Survival: 53.2% at 1 year
and 33.9% at 2 years

Transplantation 53%, 
mortality 34%, 13% alive
on a device by 12 months

Rish factor for Death 



HeartWare Bi-VAD

Bi-Ventricular disfunction



Free RV wall (Berlin)



Diaphragmatic RV wall (Rome)



Right atrial wall (Berlin)



Biventricular
Support 
Systems

Thoratec BiVAD
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Total Artificial Heart, 

when indicated, 

allowes a significant

clinical improvement. 

Conclusions



Factors influencing the choice of LVAD 
vs Total Artificial Heart vs Bi-VAD

▪ Heart pathology

▪ General condition of the patient

▪ The treatment endpoint

▪ Institutional experience

▪ Device availability

▪ Cost

Conclusions



▪ TAHs and BiVADs have different profiles
of survival and are associated with 
different adverse events

▪ Survival rates are higher in patients with 
TAH compared with patients with 
implantable or paracorporeal BiVADs

▪ A randomized trial between TAHs and 
BiVADs may be of interest

Conclusions


