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1. Understand current survival and longterm outcomes 
associated with contemporary, durable mechanical 
circulatory support

2. Review contra-indications to durable mechanical 
circulatory support

3. Discuss future devices and directions of durable 
mechanical circulatory support

Objectives



1. History of durable MCS (dMCS)

2. Contemporary dMCS utilization and trends

-outcomes in magnetically levitated dMCS

3. Future directions in dMCS

Outline



-There is an estimated 6.2(2) million 
Americans with heart failure and it is 
estimated that by 2030, there will be 
>8 million(1).
-Each year, 960,000 new cases of 
heart failure are diagnosed(1)

-In 2017, there were 1.2 million HF 
hospitalizations in the United States(1)

-By age 45 has a 1 in 5 lifetime risk of 
developing heart failure
-In 2018, heart failure was mentioned 
on 379,800 death certificates (13.4%) (2)

-Of incident hospitalized HF events, 53% had 
HF with reduced ejection fraction and 47% had preserved 
ejection fraction

Epidemiology of Heart Failure



Despite advancement 
in cardiovascular 
disease management, 
the number of heart 
failure patients is 
increasing with 5% of 
heart failure patients 
progressing to 
Stage D heart failure 
and 5% dying 
annually. 

Epidemiology of Heart Failure



Initial success 
with heart-
lung 
machines 
would spur 
the continued 
push to 
develop an 
artificial heart

History of Left Ventricular Assist Devices



-Atomic Energy Commission (AEC), NHI and private 
contractors developed proposals to utilize radioisotope 
powered engines 
-”The ideal implantable device meant no external lines or 
connections from the patient to outside power sources and a 
ten-year reliability span.” 
-The weight and safety of a radio-isotopic powered engine 
for implantation in the human body were the perceived 
obstacles 
-Based on favorable reports, the NHI and AEC described the 
prospect for developing a radioisotope engine for 
mechanical hearts as "good”
-The AEC subcontracted Westinghouse who in turn 
subcontract Philips of North America, who would utilize sixty 
grams of plutonium-238 to power their first engine for use in-
vivo
-February 1972 John Norman of Harvard an NHLI-
sponsored heart assist system powered by Pu-238 in a calf

-Successful for eight hours until a kinked inflow tube 
terminated the experiment 

History of Left Ventricular Assist Devices
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History of Left Ventricular Assist Devices



History of Left Ventricular Assist Devices

The Liotta-DeBakey LVAD on display at the Smithsonian Institute 

DeBakey Ventricular 

Assist Device-1966



-Progressive 
changes to the 
dMCS landscape 
have essentially 
decreased the 
number of 
commercially 
available LVADs 

-Currently, only 
one CF-LVAD is 
used

History of Left Ventricular Assist Devices



Durable MCS Today:
Pump Design and Modifications

External Components

-Inflow Cannula

-Pump Chamber/Motor

-Outflow Graft

-Pump Cable

Unique Features

Full Magnetic Levitation 

or “MagLev”

Widened ”Gaps” for less

RBC shear stress

Pulsitility of 30 bpm



Durable MCS Today:
Pump Design and Modifications

-200 grams (7 oz) 
composed of titanium

-Priming volume of 21 cc

-Gelatin-impregnated 14 
mm woven polyester 

-Driveline of silicone and 
velour

-Pump Speed Range:

 3-9000 rpm

-Minimum Speed: 

 3000 rpm



Durable MCS Today:
Pump Design and Modifications

-200 grams (7 oz) 
composed of titanium

-Priming volume of 21 cc

-Gelatin-impregnated 14 
mm woven polyester 

-Driveline of silicone and 
velour

-Pump Speed Range:

 3-9000 rpm

-Minimum Speed: 

 3000 rpm

1. Pump
2. Pocket 

Controller

3. Modular Driveline

5. Batteries (17hr)

6. Battery 

Charger

4. Mobile Power Unit 

(MPU)



Durable MCS Today:
Pump Design and Modifications

-Average speed is approx. 
5300 rpm
-Afterload and preload 
sensitive
-”Pulsitility” with speed 
change every
-Every 2 seconds, the 
rotor will decrease by 
2000 RPM, from the set 
speed, for 0.15 seconds, 
then increase by 4000 
RPMs for 0.20 seconds, 
and finally return to the set 
speed.



Durable MCS Today:
STS (INTERMACS) Registry Data 

Primary Prospective Patients
Intermacs: January 1, 2013- December 31, 2022

N=29,391

All Adult Durable CF
Isolated LVAD

N=27,493

Historical Non-MagLev 
2013-2017
N=13,458

Contemporary Non-
MagLev 

2018-2022
N=3,115

MagLev 
2018-2022
N=10,920

Exclude: n      
Isolated PF RVAD 2
Isolated CF RVAD 19
TAH 379
Isolated PF LVAD 15
PF BiVAD 57
CF BiVAD 1426
Total 1898

PF= pulsatile flow pump
CF= continuous flow pump
RVAD= right ventricular assist device
LVAD= left ventricular assist device
TAH= total artificial heart
BiVAD= biventricular assist device



Durable MCS Today:
STS (INTERMACS) Registry Data 

LVAD Implants by 

Year grouped by 

Non-MagLev and 

MagLev in its 

historical and 

contemporary form

-In 2022, 99.8% of 

LVADs were HM3
Historical Non-MagLev 2013-

2017
Contemporary Non-MagLev 2018-

2022

Contemporary MagLev 

2018-2022



Durable MCS Today:
STS (INTERMACS) Registry Data 

At 5-years, 64% of 
people who have 
undergone implant of 
contemporary, 
MagLev LVAD were 
alive



Durable MCS Today:
STS (INTERMACS) Registry Data 

76% of patients under 50 
years of age were alive at 
5 years

-Decrease in survival with 
subsequent decades but 
even those >70 years of 
age had a 53% survival



Durable MCS Today:
Clinical Management

Improved survival 
rate with utilization 
of GDMT in LVAD 
patients yet limited 
guidance on 
medical 
management of 
LVAD patients.

McCullough M, Caraballo C, Ravindra NG, Miller PE, Mezzacappa C, Levin A, Gruen J, Rodwin B, Reinhardt S, van Dijk D, Ali A, Ahmad T, Desai NR. Neurohormonal Blockade and Clinical Outcomes in Patients With Heart Failure Supported by Left Ventricular 
Assist Devices. JAMA Cardiol. 2020 Feb 1;5(2):175-182. doi: 10.1001/jamacardio.2019.4965. PMID: 31738366; PMCID: PMC6865330.



Durable MCS Today:
Clinical Management

-Titrate GDMT and educate 
patients on their disease, 
living with an LVAD and 
medication education

-January 2019- March 2021

-150% increase in beta 
blocker

-140% increase in ARNi

-17% increase in aldosterone 
antagonist -41% reduction in 
loop diuretic

-7 patients were started on 
SGLT2i



UNMC LVAD OPTIMIZE Clinic

-Similar concept to our HF-
OPTIMIZE Clinic already in 
existance
-Multidisciplinary
 -APP → medication titration
 -Nutrition
 -Dietary
-Promote education of the disease 
process and lifestyle modifications 
as well as education about the 
management of VADs
-Evaluation for CardioMEMs as 
well as clinic research studies, etc



UNMC LVAD OPTIMIZE Clinic

Improvement Projects in 

Progress

Barriers of Threats 

to Program

What are we excited to 

share?

• Reducing rehospitalizations
-HF (VAD Optimize)

-Anticoagulation (Adjustments to 

anticoagulation protocol)

• Reducing infections
-Driveline dressing kits

• LVAD implants 

decreasing

• Joint Commission 

Recertification August 

2023

• Intracycle Call 

Recertification August 

2024 



UNMC LVAD OPTIMIZE Clinic

Heart failure 
hospitalizations 
were a significant 
source of 
rehospitalization

->35% for 3 
years between 
2017-2020



INTELLECT-2 HF:
Use of a Pulmonary Artery Pressure Sensor to Manage Patients with Left Ventricular 
Assist Devices

Multicenter prospective study in patients with 
HeartMate II (n=52) or HeartMate 3 (n=49) 
LVADs and CardioMEMS PA Sensors over 
6-month period:

-Pulmonary artery pressure

-6-minute walk distance

-Quality of life (EQ-5D-5 L scores)

-Heart failure hospitalization rates (HFH)

Post-hoc stratified as clinical responders 
(cR) and non-responders( cNR)

 -R → PAD ≥ 1mmHg @ 6 months

 -PAD lower in cR @ 6 months

 -No change in QoL or HFH cR vs cNR

 -Pts w/ PAD < 20mmHg with 
DECREASED HFH

Thohan V, Abraham J, Burdorf A, et al. Use of a pulmonary artery pressure sensor to manage patients with left ventricular assist devices. Circulation: Heart Failure. 2023. doi:10.1161/CIRCHEARTFAILURE.122.009960



UNMC LVAD OPTIMIZE Clinic
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A large portion of the 
success of our VAD 
Optimize Clinic has been 
utilizing CardioMEMs to 
monitor LVAD patients.
 -Right Heart Failure
 -Distance from UNMC
 -Those with Elevated 
Pulmonary Pressures
 -Patients with a history 
of heart failure 
hospitalizations

To date, we have implanted  
47 LVAD patients with the 
CardioMEMs system.

Medical Therapy with Durable MCS



Heart Replacement by the Numbers
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Implant/Tx Trends

NEUN LVAD NEUN TXP

Our contemporary durable Left 

Ventricular Assist Device (LVAD) 

and Transplant program started in 

2009

 -Year to date we have 

implanted 578 LVAD

 -583 Transplants



Durable MCS Today:
STS (INTERMACS) Registry Data 



INTO TO THE FUTURE…



Durable MCS:
The TORVAD

-is a positive displacement pump with rotary flow 
design which contains a ring-shaped pumping 
chamber which moves in a “toroidal fashion” at 
very low rotational speeds (60-150 rpm) with 
blood ejection accomplished by means of two 
pistons that “skate” around a rale.

 

-The pistons are magnetically coupled to motors 
and an epicardial sensing lead synchronizes to 
the heartbeat, and rhythm data is used to 
automatically adjust pump flow according to 
physiologic needs. 

 -Counterpulsation device

-Ex-vivo and large animal studies with preserved 
von Willebrand Factor (vWF) and low levels of 
hemolysis even without anticoagulation.

-The device remains in the pre-clinical phase 



Durable MCS:
The Corwave

-Unique in that it does not rely on a turbine or 
spinning impeller to provide blood flow rather, 
a pulsating disc.

-Aims to improved hemocompatibility and 
hemodynamics through use of said  disc wave 
membrane that creates what is termed a “high 
fidelity” pulse aiming to mimic systole and 
diastole 

-Electromagnetic actuator, to generate 
magnetic fields within the pump in order to 
create oscillations, propagated along the 
membrane with an algorithm that synchronizes 
to native left ventricular contraction. 

-3 modes: continuous (similar to rotary pump 
fixed RPM), synchronous co-pulsation 
providing full LV support and up to 30 mmHg 
aortic pulse pressure, and synchronous 
counter-pulsation providing partial LV support

-Clinical study in the near future but currently 
only investigational

https://youtu.be/OmA9ubj-DUI


Durable MCS:
The BrioVAD

-Centrifugal magnetically levitated rotor similar to the 
HM3
-Differences between the HM3 and BrioVAD-
 -narrow (3.5 mm outer diameter) and flexible 

driveline that MAY improve patient comfort and 
potentially reduce risk of infection;

 -a smaller outflow cannula (driveline durability 
 -2 peripherals (a controller with integrated battery, 

and 1 system battery) made with lighter 
materials (1 kg weight)

 -patient is only required to carry two peripherals (a 
controller with integrated battery, and 1 system 
battery) manufactured from lighter materials (1 kg 
weight)

-First implant performed in 2017, with >3 years of 
survival on pump support reported 
-25 patient single arm clinical study, with data 
contributing to device approval in China. Overall, more 
than 150 patients have been implanted with the 
technology in China 
-INNOVATE study to begin enrolling in 2024



Durable MCS:
Total Artificial Hearts- BiVACOR TAH

-Continuous flow TAH with two centrifugal 
impellers affixed to a single rotor activated 
through magnetic levitation 
-Hemocompatible due to large gaps through 
which blood flow through and has a left-right 
flow balancing system for dynamic adaptation 
to changes in physiologic demand.
-Cyclic changes in pump speed allow pulsatile 
flow
-Theoretically can fit in adults and children
-Early Feasibility Study (EFS) approval from 
the FDA in December 2023. The first implant is 
anticipated at one of nine U.S. centers in 2024 
as part of a bridge to transplant study
 -July 9th at Texas Heart Institute
-Plan for TET 



Durable MCS:
Total Artificial Hearts- BiVACOR TAH

-Plan for long-term 
use of up to 10 years

-Single moving part to 
reduce the risk of 
failure with redundant 
electromagnetic 
motor and driveline 
components



Durable MCS:
Total Artificial Hearts- Carmat SA- AESON TAH

-Electro-hydraulic device with a shape meant to mimic the 
human heart

-Composed of two ventricular chambers with bioprosthetic 
valves, each of which is separated by a membrane into a 
blood component and a driving fluid component 

-The driving fluid generates pulsatile flow according to 
patient physiologic demands 

-Study of 10 patients on support for a cumulative total of 
2087 days, the device showed minimal hemolysis and 
preservation of vWF.

-Device is large needing standard chest CTs for 
measurement of thoracic dimensions prior to implant. 

-Commercially available in Europe and is presently under 
EFS trial (n=10 patients) in the U.S. for a bridge to 
transplant intent with the first cohort of 3 patients enrolled. 
Initiation of enrollment of the second cohort of 7 patients 
is currently pending FDA approval. 

https://youtu.be/xdcLKTpxr2g


Despite a decrease in the number of LVAD implants, 
current use of contemporary MagLev systems are safe 
and improve QoL and reduce mortality in end-stage heart 
disease

More devises on the market will likely drive future 
innovations:

 -TCT of energy

 -Smaller/lighter devices

 -Less invasive surgery

Summary




	Slide 1: Advances in Durable Mechanical Circulatory Support: Current State and Future Directions
	Slide 2: Disclosures
	Slide 3: Objectives
	Slide 4: Outline
	Slide 5: Epidemiology of Heart Failure
	Slide 6: Epidemiology of Heart Failure
	Slide 7: History of Left Ventricular Assist Devices
	Slide 8: History of Left Ventricular Assist Devices
	Slide 9: History of Left Ventricular Assist Devices
	Slide 10: History of Left Ventricular Assist Devices
	Slide 11: History of Left Ventricular Assist Devices
	Slide 12: History of Left Ventricular Assist Devices
	Slide 13: History of Left Ventricular Assist Devices
	Slide 14: Durable MCS Today: Pump Design and Modifications
	Slide 15: Durable MCS Today: Pump Design and Modifications
	Slide 16: Durable MCS Today: Pump Design and Modifications
	Slide 17: Durable MCS Today: Pump Design and Modifications
	Slide 18: Durable MCS Today: STS (INTERMACS) Registry Data 
	Slide 19: Durable MCS Today: STS (INTERMACS) Registry Data 
	Slide 20: Durable MCS Today: STS (INTERMACS) Registry Data 
	Slide 21: Durable MCS Today: STS (INTERMACS) Registry Data 
	Slide 22: Durable MCS Today: Clinical Management
	Slide 23: Durable MCS Today: Clinical Management
	Slide 24: UNMC LVAD OPTIMIZE Clinic
	Slide 25: UNMC LVAD OPTIMIZE Clinic
	Slide 26: UNMC LVAD OPTIMIZE Clinic
	Slide 27: INTELLECT-2 HF: Use of a Pulmonary Artery Pressure Sensor to Manage Patients with Left Ventricular Assist Devices
	Slide 28: UNMC LVAD OPTIMIZE Clinic
	Slide 29: Medical Therapy with Durable MCS
	Slide 30: Heart Replacement by the Numbers
	Slide 31: Durable MCS Today: STS (INTERMACS) Registry Data 
	Slide 32: INTO TO THE FUTURE…
	Slide 33: Durable MCS: The TORVAD
	Slide 34: Durable MCS: The Corwave
	Slide 35: Durable MCS: The BrioVAD
	Slide 36: Durable MCS: Total Artificial Hearts- BiVACOR TAH
	Slide 37: Durable MCS: Total Artificial Hearts- BiVACOR TAH
	Slide 38: Durable MCS: Total Artificial Hearts- Carmat SA- AESON TAH
	Slide 39: Summary
	Slide 40

