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• CARDIAC TRANSPLANTATION

• BARNARD-1967, FIRST IN HUMAN

• SHUMVAY.1970         ENDOMYOCARDIAL BIOPSY         1973

• IMMUNOSUPRESIVE THERAPY    1981

• 2500 TX/YEAR

• LIMITED DONOR ORGAN

• COST

• GOOD RESULT OP    5-10% MORTALITY           86% ONE YEAR SURVIVAL



HEART LUNG 
TRANSPLANTATION



CURRENT OPTIONS 
FOR MECHANICAL 

CIRCULATORY SUPPORT



EXTRACORPOREAL 
MEMBRAN OXIGENATION

(ECMO)



SHORT TERM SUPPORT

• VENO-VENOUS        LUNG FAILUR

• VENO-ARTERIAL       CPB

• CANNULATION 
PERIFERAL
CENTRAL



FIGURE 62-2 The catheter-based hemopump first revealed the 
safety and feasibility of high-speed continuous-flow circulatory 
support. (Used with permission from Dr. Richard Wampler.)





FIGURE 62-3 The Jarvik 2000 was the first left ventricular assist

device to incorporate blood-washed bearings in its axial flow design. 
(Used with permission from Jarvik Heart, Inc.)







PULSATILE VERSUS 
NONPULSATILE 

FLOW





Implantable Continuous-
Flow LVADs

(FDA-Approved)







GOALS
OF

THERAPY



Bridge to Transplantation

Bridge to Decision

Myocardial Reconditioning

Destination Therapy

Fluidity of Implantation Strategy





CONTRAINDICATIONS
TO

DEVICE SUPPORT



CONTRAINDICATIONS

• ERREVESIBL   MAJOR ENDORGAN    DYSFUNCTION

• SEVER   HEMODYNAMIC

• PROFOUND   COAGOLOPATHY

• COMPLEX   CONGENITAL   DIS,

• RESTRICTIVE    HEART  DIS,

• ACTIVE   INFECTION

• DECISION MADE  ON CASE BY CASE





End-Organ Function



Operative Risk



Right Ventricular Function



Multidisciplinary 
Assessment 
/ 
Social Evaluation



DEVICE SELECTION



Live Case 



A. Clinical benefits:

a. Ivac 2L is pulsatile synchronize LV support this is more natural than continuance flow.
The optimum Oxygen perfusion to tissue cells needs the diastolic phase.
b. Due to Synchronization and pulsatile the Ivac 2L reduce after load pressure in aorta
during systole therefore LV needs less pressure/energy to move from diastole to systole.
c. Ivac 2L takes the remaining blood from LV during systole without overtaking LV CO.
d. Ivac 2L increase volume during diastole phase and therefore increase diastolic pressure
up to 50%.
e. Ivac 2L is “net” support up to 2 L/m on top LV CO (a+b). Impella generate fixed volume
and overtake some of systolic volume generated by LV so in average the additional
volume of Impella CP is very similar to Ivac 2L .
f. Hemolysis level of Ivac 2L is very low less than 10mg/dL of free hemoglobin , Impella
generate between 50-100mg/dL , Quality of blood with Ivac 2L is much better.



B. Technical advantages:
a. Very simple and basic procedure, placing catheter tip in LV is a daily 
routine for these doctors.
b. Using standard IAB driver that exists in every cathlab, the Ivac 2L can 
work with Maquet or Arrow devices.
c. Simple device preparation (flushing).
d. The device build with simple mechanical valve and membrane pump 
without electronics, sophisticated motors and pumps or complicated 
consoles.
e. Very short learning curve – 2-3 cases
f. Very stable position almost no movement during pumping – Impella
creates vibration and tip migrant due to 60K RPM blood pump.



C. Commercial advantages:
a. Price – Ivac 2L got a very attractive price comparing 
Impella 8K Vs 13K
b. No need to buy special console with cost of 35K –
they can use existing IAB drivers
c. All in one kit – all insertion kit pump and catheter are 
including in Ivac 2L kit.



HeartMate 3TM LVAS

Clinical Operation and 

Patient Management





HeartMate 3: Design Goals
• Build upon the highly 

successful HeartMate II 
LVAS

• Enhanced AE profile

• Increased surgical ease

• Elevate the patient 
experience



• Minimizes shear stress

• Minimize stasis

• Minimize activation of blood 
components

• Minimize interactions 
between the blood and the 
contacting surfaces

A Healthy Respect for Blood
What influences Hemocompatibility?

• Designed for Hemocompatibility



FIGURE 62-9 HeartMate II implantation.

(A) Retraction of the diaphragm in anticipation of subdiaphragmatic pump 

positioning.

(B) The ventricle is cored along the diaphragmatic surface of the heart—lateral to 

the posterior descending artery—and a plegeted ring secures the Silastic inflow cuff.

(C) Transdiaphragmatic positioning of the HeartMate II inflow cannula.

(D) Anastomosis of the outflow graft to the ascending aorta, aided by a partial 

occluding vascular clamp.

(E) Final alignment of the pump and outflow conduit. The pump housing lies 

beneath the diaphragm, and the outflow graft courses toward the right side of the 
chest. Introduction of a 19-gauge needle permits de-airing of the system.



POSTOPERATIVE 
MANAGEMENT



Anticoagulation



POSTOPERATIVE OUTCOMES







ADVERSE EVENTS AND DEVICE COMPLICATIONS

Perioperative Bleeding

Right-Sided Heart Failure
Infection
Renal Failure
Stroke and Neurologic Dysfunction
Nonsurgical and Gastrointestinal Bleeding
Pump Thrombosis and Device Malfunction





HeartMate 3
Designed to be Hemocompatible

Leveraging Full MagLev™ Technology

Features
• Full MagLev

− Large, consistent pump gaps designed to reduce blood 
trauma

− Artificial pulse

− Wide range of operation

 Full support (2.5 – 10 L/min)

• Textured blood contacting surfaces

• Advanced Design for Surgical Ease

− Engineered apical attachment 

− Modular Driveline

• Designed for an Active Lifestyle

− System Controller



HeartMate 3 LVAD

Inflow Conduit 
20mm

Cuff Lock

Sealed Outflow Graft 
(14 mm) w/Bend 

Relief

Pump Cable w/Modular 
Connector



HeartMate 3™*:  Full MagLev Technology
Key Design Feature: Wide Range of Operation 

– HeartMate 3 rotor levitation is independent of rotor speed; levitation is 
maintained at any rotor speed, even zero.

– Conversely, for a hydrodynamic bearing the rotor scrapes the 
housing surface until it comes up to speed and entrains a thin layer 
of blood to produce lift; a certain critical speed must be maintained 
to avoid rotor/housing contact.

– Rotor speed independence permits flexibility in operating speeds, which 
could in the future enable use in low-speed conditions, e.g., pulmonary 
circulation, weaning protocols, etc.
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HeartMate 3:  Full MagLev Technology
Key Design Feature: Fluid Dynamics (Designed to Minimize Shear Stress 
and Activation of Blood Components)

–The HeartMate 3 rotor and inlet have been designed to minimize shear and avoid 
stasis over the entire range of operation (2.5 to 10 L/min).

–The relatively large secondary flow paths facilitate smooth flow transitions, 
generous washing, and low shear.



HeartMate 3™:  Full MagLev TechnologyKey Design Features: Large and Consistent Gaps (Designed 
to minimize Shear Stress and Blood Component 

Activation)
• HeartMate 3 secondary flow paths are ~0.5 mm along the side, and 

~1.0 mm above and below the rotor
– Conversely, hydrodynamic bearings are typically operated with much 

smaller gaps, roughly 0.05 mm
• HeartMate 3 pump surfaces are flat and flow is undisturbed
– Wedging surfaces and other features required for hydrodynamic 

bearings are not required

~ 0.5 mm 
along the 

side

~ 1.0 mm 
top and 
bottom

Rotor & Mag-Lev
- Blood path with Textured 

Surfaces



Main

Flow

Inlet Recirculation

Shroud Recirculation
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HeartMate 3™:  Full MagLev

Technology



How much difference is there?
From a Red Blood Cell’s Point of View

Gap Size # of Red Blood Cells

Full MagLev 1,000μm 167

Hydrodynamic Bearing 50μm 8

6-8 μm

Stacked RBCs



HeartMate 3™ LVAS
Surgical Implantation



Surgical Implant

68

 General Warnings and Cautions

 Pump Cable Placement

 Aortic Anastomosis

 Apical Anastomosis

 De-Airing & Hemostasis

 Closing 

 Explantation







LVAD Operating Modes
• Fixed Speed Mode

• Pump speed does not change
• Operating mode when fixed speed set < 4000 rpm,  No 

External Power alarm, or Low Power Hazard alarm

FS = Fixed Speed (set by clinician)

FS

time [s]

rotor speed [rpm]



Key Design Feature: Pulsatility (Minimize stasis)

• The large gaps also enable the rapid speed changes used by our artificial pulse 
feature without rotor/housing contact.

Some potential benefits:

Designed to promote washing  of the pump 
• Prevents the formation of zones

of recirculation and stasis.

Zero Net Change in Flow
• Speed ramps up and down (zero net change)

Potential Clinical Benefits1-3

1. Tsai H. S., et al. Semin Thromb Hemost 2003;29(5):479-88.

2. Malehsa D, Meyer AL, Bara C, Struber M. Eur J Cardiothorac Surg 2009;35:1091-3.

3. Crow S, et all J Thorac Cardiovasc Surg 2009;137:208-15.

HeartMate 3™*:  Pulsatility
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HeartMate 3™:  Artificial Pulse
• From in vivo data, the incremental 

power consumption of the pulse mode 
is approximately 5%1

1 2012 ISRBP Conference presentation: In Vivo Evaluation of LVAD 
Artificial Pulse Parameters and Synchrony with the Native Heart, 
K. Bourque, C. Cotter, C. Dague, K. Handy, M. Sobieski, S. Koenig, 
M.S. Slaughter, S. Parnis, W. Cohn, O.H. Frazier



HeartMate 3™:  Artificial Pulse



HeartMate 3™ Electronics
• HeartMate III control electronics are located inside 

the implanted pump

• HeartMate III pump parameters and settings are 
stored in the pump
• This eliminates setting the speed in the patient's backup 

System Controller
• The pump will run at the most recent settings (even if 

communication between the pump and System Controller 
is interrupted)

• HeartMate III has software in the pump and
Controller
• Both the Pump and System Controller  have their own log 

files (periodic and event)



HeartMate 3 is Different from the 
HeartMate II…..

• HeartMate 3 driveline comprised of two cables
• Pump cable permanently attached to the pump and tunneled through the 

skin
• Modular cable attaches to the pump cable and connects to the controller

• HeartMate 3 control electronics are located inside the implanted 
pump

• HeartMate 3 pump parameters and settings are stored in the pump
• This eliminates setting the speed in the patient's backup System Controller
• The pump will run at the most recent settings (even if communication 

between the pump and System Controller is interrupted)

• HeartMate 3 has software in the pump and Controller
• Both the Pump and System Controller  have their own log files (periodic 

and event)

• HeartMate 3 pump operates with an artificial pulse
• Activates every 2 seconds (30 per minute)



Key Verifications
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 Verify Cable immobilization

 Verify EBB installation

 Do not clamp the OGBR

 No anatomical or surgical elements that could cause wear or 
abrasion



Explantation



Device Explant
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 Dissection & Exposure

 Discontinue LVAD support

 Disconnect Driveline from System Controller

 Clamp Outflow Graft

 Open Cuff Lock & remove LVAD

 Cut Driveline & externalize LVAD

 Close Aortic track

 Close



TOTAL ARTIFICIAL HEART



Early Development and Experience



FIGURE 62-12 The Liotta total artificial heart, the first to be
implanted in a human. (Courtesy Texas Heart Institute.)



FIGURE 62-13 The Syncardia Total Artificial Heart (formerly the Jarvik-7, Symbion, and
CardioWest TAH) utilizes two pneumatically driven pumps for 
biventricular support. (Courtesy: SynCardia Systems, Inc.)



Contemporary Options for Total
Heart Replacement
SYNCARDIA TAH



FIGURE 62-14 The AbioCor Implantable Replacement Heart.
(Reproduced with permission from ABIOMED, Inc.)



Complexities of Mechanical Total
Heart Replacement



Future Directions: the CF TAH



FIGURE 62-15 The BiVACOR total artificial heart employs a single moving part—a 
central magnetically levitated rotor—to provide compete
cardiopulmonary support. (Reproduced, with permission, from BiVACOR, Inc.)



KEY POINTS




