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The Human HeartThe Human Heart
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Blood FlowBlood Flow

• Atrioventricular 
– Mitral/Bicuspid (L) 
– Tricuspid (R) 

• Semilunar 
– Aortic (L)
– Pulmonary (R)
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Heart FailureHeart Failure



 
Failure to adequately 
pump blood to the 
rest of the body 



 
Congestive if filling 
pressures are normal 



 
Only severe cases may 
be eligible for heart 
transplant 
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HistoryHistory


 

Cardiopulmonary bypass (CPB) 
machine was first used by 
surgeons starting in 1953 



 

1957 first artificial heart 
designed by Akutsu and Kolff 
and implanted in a dog 



 

Early 1960s left ventricular assist 
devices were invented for 
longer-term ventricular 
assistance 
◦

 

First one implanted in 1963 in a 
patient that went into cardiogenic 
shock after an aortic valve 
replacement 

[7]
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HistoryHistory


 

1967 first successful cardiac 
transplant performed by 
Christiaan Barnard 



 

1969 first total artificial heat 
replacement surgery performed
◦

 

Heart developed by Baylor 
Laboratories 



 

During the 1970s many pump 
devices invented to act as a 
bridge between heart failure and 
surgery (max of 30 days) 
◦

 

Norcor LVAS (developed in 
Ottawa) 

◦

 

HeartMate LVAS (developed in 
California) 

[7]
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HistoryHistory


 

Second total artificial heart 
replacement surgery performed in 
1981 
◦

 

Due to limited immunosuppressant 
drugs, contamination during transplant 
of the artificial heart made patients 
susceptible to bacterial infection 



 

Jarvik-7 was the first successful total 
artificial heart replacement surgery 
◦

 

Patient lived 112 days (death unrelated 
to TAH) 

◦

 

Patients used hearts for 2 to 620 days 


 

1985 first successful bridge surgery 
using total artificial heart 
replacement performed 

[7]
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HistoryHistory


 
Early 1990s improvements made to Jarvik-7 
(renamed CardioWest in 1991), AbioMed 
invents another total artificial heart AbioCor 



 
1998 the 100th

 
artificial heart is implanted



 
2004 FDA approves the SynCardia total 
artificial heart (formerly CardioWest) for 
bridge transplantation 



 
Currently 2 artificial hearts available
◦

 
AbioCor and SynCardia
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Types of Artificial HeartsTypes of Artificial Hearts



 
2 types of artificial hearts

Ventricular Assistant 
Devices

Total Artificial Heart

-
 

Implanted to assist the 
natural heart 

-
 

Heart is removed and an 
artificial heart is implanted

-
 

Patients not eligible for 
heart transplant

-
 

Patients may be eligible for 
heart transplant

-
 

Implant is designed to lessen 
the load on the heart and 
possibly help the healing 
process

-
 

Heart has completely failed 
and only option remaining is 
an artificial heart 
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Total Artificial HeartsTotal Artificial Hearts



 
Implanted to pump blood from the heart in 
place of the ventricles



 
Takes over functions of heart valves



 
Currently 2 categories of artificial hearts

SynCardia AbioCor
Patient eligible for heart transplant Patient ineligible for heart transplant

External power supply; wires/tubes 
penetrating the body wall

Implanted power supply; no body wall 
penetration
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SynCardia Artificial HeartSynCardia Artificial Heart

• Used as a bridge to 
transplant

• Restore kidney and 
liver function

• Prevent tissue 
damage

[10]
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Power SupplyPower Supply



 
Connected by tubes through chest wall to 
external pneumatic driver



 
Implant driver vs. Discharge driver

[10] [10]
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AbioCor Artificial HeartAbioCor Artificial Heart



 
Patients are not 
eligible for heart 
transplant



 
Fully implantable



 
Hydraulic pump



 
Ventricles contract 
at different times

[8]
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AbioCor HeartAbioCor Heart

http://www.youtube.com/watch?v=oHvIwk
 YRFV4&feature=related
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http://www.youtube.com/watch?v=oHvIwkYRFV4&feature=related
http://www.youtube.com/watch?v=oHvIwkYRFV4&feature=related


Power SupplyPower Supply



 
Internal and External batteries



 
Uses Transcutaneous Energy Transfer (TET)

[8]
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Implantation SurgeryImplantation Surgery


 
Outflow and atrial grafts are stretched to 
make connection to the body easier



 
Outflow grafts are sealed using preclotting 
or synthetic spray



 
Patient is transferred to a cardiopulmonary 
bypass machine 



 
Ventricles and valves are removed leaving 
the valvular rings 



 
Modification to the atrium is made to 
prevent thrombus formation
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Outflow grafts are sutured to the aorta and 
pulmonary arteries and the atrial grafts are 
sutured to the atrium



 
Grafts are checked for leakage and sealed



 
SynCardia heart, left and right ventricles are 
attached to the grafts



 
AbioCor heart, the apex cannulas are inserted 
into the left and right atrium 



 
The system is started and the patient is weaned 
off of the cardiopulmonary bypass machine



 
Average implant surgery is 7 hours
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Artificial Heart Fluid MechanicsArtificial Heart Fluid Mechanics

[14]
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Artificial Heart Fluid MechanicsArtificial Heart Fluid Mechanics

[14]
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Turbulent FlowTurbulent Flow


 
Turbulent flow in the artificial heart puts 
excessive force onto the veins and arteries 
that are attached to the artificial heart



 
Not a problem a bridge patient experiencing 
an average waiting time between heart 
failure and cardiac transplant



 
Problem for bridge patients that wait years 
before transplant and patients that are using 
artificial hearts to extend life



 
Causes wear on device
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Areas of Wall ShearAreas of Wall Shear

[15]
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AbioCor HeartAbioCor Heart



 
AbioCor heart designed to minimize 
turbulent blood flow



 
Ventricles are tube shaped 



 
Still turbulent blood flow around the 
motor as it pushes the blood out of the 
ventricle

[8]
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Communication with the Central Communication with the Central 
Nervous SystemNervous System



 

Central nervous 
system needs to 
communicate with the 
artificial heart to vary 
the rate at which it 
beats



 

Artificial hearts use 
vascular conductance 
to measure the rate at 
which it should be 
beating

[16]
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FutureFuture



 
Increase life expectancy of patient
◦

 
AbioCor patient life expectancy is 18 months
◦

 
SynCardia patient life expectancy is to heart 
transplant



 
Increase the durability of the artificial 
heart 
◦

 
Projected lifetime is to be increased to 10 
years



 
Decrease the size of the device
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FutureFuture


 

Change technology from 
an axial pump to a 
continuous flow pump
◦

 

Continuous flow pumps 
are better able to adapt to 
the human body’s changing 
need for blood

◦

 

Continuous flow pumps 
use the pressure  of the 
blood flowing into the 
heart to determine  the 
rate at which it pumps 
blood



 

Still under animal testing
[18]
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Hopefully advances in artificial hearts 
will improve the survival rate of 

patients living with stage 4 cardiac 
failure

26



ReferencesReferences
[1] Carl Bianco, “How Your Heat Works,”

 

HowStuffWorks,  [Online].  Available: 
http://science.howstuffworks.com/environmental/life/human-biology/heart.htm

 

[Accessed: 
November 5, 2011]

[2] Sandhya, “Human Heart,”

 

Physics in day to day life, July 12, 2010. [Online]. Available: 
http://physicsindaytodaylife.blogspot.com/2010/07/human-heart.html [Accessed: 
November 5, 2011]

[3] Texas Heat Institute, “The Heart Valves,”

 

Heart Information Center, Texas Heart Institute, 
September 2011. [Online]. Available: http://texasheart.org/HIC/Anatomy/valves.cfm

 
[Accessed: November  5, 2011]

[4] Heart Failure Society of America, “The Stages of Heart Failure –

 

NYHA Classification,”

 
Questions About HF, Heart Failure Society of America, 2002. [Online]. Available: 
http://www.abouthf.org/questions_stages.htm

 

[Accessed: November 5, 2011]
[5] Carl Bianco, “Congestive Heart Failure 101,”

 

Discovery Health, [Online]. Available: 
http://health.howstuffworks.com/diseases-conditions/cardiovascular/heart/

 

congestive-

 
heart3.htm [Accessed: November 5, 2011]

27



ReferencesReferences
[6] Heart and Stroke Foundation, “Statistics,”

 

Heart and Stroke 
Foundation, 2011. [Online]. Available: 
http://www.heartandstroke.com/site/c.ikIQLcMWJtE/b.3483991/k.3

 
4A8/Statistics.htm [Accessed: November 6, 2011]

[7] O.H. Frazier, “Prologue: Ventricular assist devices and total 
artificial hearts a historical perspective,”

 

Cardiology Clinics, vol. 21, 
pp. 1-13, 2003. [Online] Available: NCBI 
http://www.ncbi.nlm.nih.gov/pubmed/12790040 [Accessed: 
November 5, 2011]

[8] AbioMed

 

“AbioMed

 

Recovering Herat. Saving Lives,”

 

2011. 
[Online]. Available: http://www.abiomed.com/ [Accessed: 
November 5, 2011]

[9] Jarvik

 

Heart, “Jarvik

 

Heart: Resources,”

 

2008. [Online]. Available: 
http://www.jarvikheart.com/basic.asp?id=69 [Accessed: November 
5, 2011]

[10] SynCardia

 

Systems Inc., “SynCardia

 

Temporary Total Artificial 
Heart,”

 

2010. [Online]. Available: http://www.SynCardia.com/ 
[Accessed: November 5, 2011]

28



ReferencesReferences
[11] U.S. Food and Drug Administration, “SynCardia

 

Temporary CardioWest

 

Artificial 
Heart (TAH-t) –

 

P030011,”

 

Medical Devices, U.S. Department of Health & Human 
Services, June 29, 2009. [Online]. Available: http://www.fda.gov/MedicalDevices/ 
ProductsandMedicalProcedures/DeviceApprovalsandClearances/Recently-

 
ApprovedDevices/ucm080816.htm [Accessed: November 5, 2011]

[12] Kevin Bonsor, “How Artificial Hearts Work,”

 

HowStuffWorks, [Online]. Available: 
http://science.howstuffworks.com/innovation/everyday-innovations/artificial-

 
heart.htm

 

[Accessed: November 5, 2011]
[13] Reiner Körfer, Aly

 

El Banayosy, Michiel

 

Morshuis, Gero

 

Tenderich, Nils Reiss and 
Latif

 

Arusoglu, “Total artificial heart-implantation technique useing

 

the CardioWest

 
or the Thoratec

 

system,”

 

Multimedia Manual of Cardio Thoracic Surgery, March 29, 
2007. [Online]. Available: 
http://mmcts.ctsnetjournals.org/cgi/content/full/2007/0329/mmcts.2006.002485 
[Accessed: November 5, 2011]

[14] Matthew G. Doyle, Jean-Baptiste

 

Vergniaud, Stavros Tavoularis, and Yves 
Bourgault, “Numerical Simulations of Blood Flow in Artificial and Natural Hearts 
With Sluid-Structure Interactions,”

 

Artificial Organs, vol. 32, no. 11, pp. 870-879, 
2008. [Online]. Available:  Wiley Online Library 
http://onlinelibrary.wiley.com/doi/10.1111/j.1525-1594.2008.00644.x/full [Accessed: 
November 5, 2011]

29



ReferencesReferences
[15] Steven Deutsch, John M. Tarbell, Keefe B. Manning, Gerson

 

Rosenberg, and Arnold A. 
Fontaine, “Experimental Fluid Mechanics of Pulsatile

 

Artificial Blood Pumps,”

 

Annual 
Review Fluid Mechanics, vol. 38, pp. 65-86, 2006. [Online]. Available: Annual Reviews 
http://www.annualreviews.org/doi/ abs/10.1146/annurev.fluid.38.050304.092022 
[Accessed: November 5, 2011]

[16] Y. Abe, T. Chinzei, K. Mabuchi, A. J. Snyder, T. Isoyama, K. Imanishi, T. Yonezawa, H. 
Matsuura, A. Kouno, T. Ono, K. Atsumi, I. Fujimasa

 

and K. Imachi, “Physiological Control 
of a Total Artificial Heart: Conductance and arterial pressure based control,”

 

Journal of 
Applied Physiology, vol. 84, pp. 868-876, 1998. [Online]. Available: Journal of Applied 
Physiology http://jap.physiology.org

 

/content/84/3/868.short [Accessed: November 5, 
2011]

[17] Emily Singer, “An Artificial Heart That Doesn’t Beat,”

 

Biomedicine, Technology Review, 
September 21, 2006. [Online]. Available: http://www.technologyreview.com/ 
biomedicine/17523/page2/ [Accessed: November 5, 2011]

[18] Caffeine Powered, “Doctor’s Create Artificial Heart That Doesn’t Beat. It Also Works,”

 
Omega Level, June 20, 2011. [Online]. Available: http://www.omega-

 
level.net/2011/06/20/doctors-create-artificial-heart-that-doesnt-beat-it-also-works/ 
[Accessed: November 6, 2011]

30


	Artificial Hearts
	The Human Heart�
	Blood Flow�
	Heart Failure�
	History
	History
	History
	History
	Types of Artificial Hearts
	Total Artificial Hearts�
	SynCardia Artificial Heart�
	Power Supply�
	AbioCor Artificial Heart�
	AbioCor Heart
	Power Supply�
	Implantation Surgery
	Slide Number 17
	Artificial Heart Fluid Mechanics
	Artificial Heart Fluid Mechanics
	Turbulent Flow
	Areas of Wall Shear
	AbioCor Heart
	Communication with the Central Nervous System
	Future
	Future
	Slide Number 26
	References
	References
	References
	References

