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Surgical Management of End Stage Heart 
Failure

 Heart Transplantation is the Gold Standard.

There are many more people who require the 
surgical management of advanced heart 
failure than there are heart donors( <5000 

worldwide per year), and  each day this 

number continues to grow. 

BUT



XENOTRANSPLANTATION

WHEN PIGS FLY!

Do I look genetically engineered?





TRAIL RIDGE ROAD    ROCKY MOUNTAIN NATIONAL FOREST, COLORADO

HIGHEST CONTINUOUSLY PAVED ROAD IN USA    12,183 FT   



The Evolution of 
Mechanical Circulatory

Support Systems

• 1966 First successful use of an LVAD for post-cardiotomy cardiogenic 
shock (De Bakey blood pump)





The Evolution of 
Mechanical Circulatory

Support Systems

• 1967 Clinical application of the intraaortic balloon pump (IABP) 
(Kantrowitz)

• 1969 First successful use of a total artificial heart (TAH) as a bridge to 
transplant (Cooley)

• 1978 First successful use of an LVAD as a bridge to transplant (Frazier)



Dr. Willem Kolff (1911-2009)
FATHER OF ARTIFICIAL ORGANS

DEVELOPED INTEREST IN ARTIFICIAL HEART  EARLY IN HIS CAREER
Became Head of the University of Utah’s Division of Artificial Organs  

1967        



DR. ROBERT JARVIK WORKED IN DR. KOLFF’S LAB AND WAS 
ASSIGNED TO DEVELOP AN ARTIFICIAL HEART  



The Evolution of 
Mechanical Circulatory

Support Systems

• 1982 First clinical use of The Jarvik 7 TAH as “permanent” device (De 
Vries)



Barney Clark and the Jarvik 7 at University of UTAH

Lived 112 days



The Evolution of 
Mechanical Circulatory

Support Systems

• 1995 First clinical use of LVAD as “permanent” 
device (Frazier)

• Catanese KA Outpatient LVAD Support a Destination 
rather than a Bridge  Annals Thoracic Surg 1996



June 2000 JARVIK 2000 Westaby and
Jarvik



Jarvik 2000







Heart Transplantation and MCS remain 
low in the Asia Pacific region 
(including the ACHD population)

J Heart Lung Transplant 2017;36:13-18



North America, which comprises 7.5% of the world population, 
accounted for 55.8% of the transplants in the 2012 ISHLT 
Registry, whereas Asia with 62.5 % of the world population, 
accounted for 5.7% of the Transplants

Cost 
Wide variation in Health Care Infrastructures 
Multi-cultural and racial factors 
Religious beliefs 
Diverse Traditions 

Asia: most common MCS system implanted is the HeartMate II
Australia: most common MCS system implanted is the HeartWare
HVAD  

50% of the patients coming to transplant in Australia are on MCA



Proportion of ACHD transplants supported
With MCS relative to all ACHD

Proportion of ACHD transplants relative to all
transplants ACHD

UNOS DATA 



OPTN SRTR data from 1987-2012

– 47,160 adult transplant recipients, 1,213 (2.6%) had CHD

– Proportion of ACHD transplants recipients relative to all 
adult transplant increased yearly, with concomitant 
increase in MCS for ACHD yearly

– MCS used in 83 patients (6.8%) with CHD as compared to 
8,625 (18.8%) patients without CHD

– No difference in 30 day mortality between MCS and non 
MCS patients with ACHD, but both had higher short term 
mortality than adults without CHD

USE of MCS in Heart Failure for ACHD 
Patients

Maxwell et al. European J of Cardio-thoracic Surg 2013



GALAPAGOS ISLANDS

STUDY OF EVOLUTION 

Darwin

IDEAL



A DATA BASE LIKE INTERMACS

 IDEAL FOR STUDY OF THE EVOLVING 
LANDSCAPE OF MCS IN THE USA

 SPONSORED BY THE NATIONAL HEART, 
LUNG, AND BLOOD INSTITUTE IN 
PARTNERSHIP WITH CENTER FOR 
MEDICARE SERVICES AND THE FOOD AND 
DRUG ADMINISTRATION

 UNDER STEWARDSHIP OF JAMES KIRKLIN  

INTERAGENCY REGISTRY FOR MECHANICALLY 
ASSISTED CIRCULATORY SUPPORT( JUNE 2006)



J-MACS

EUROMACS

Other MACS registries, but newer and fewer patients

2013

2010

2009



1ST GENERATION

2ND GENERATION

HeartMate I 
HeartMate II

pulsatile continuous flow
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Axial Flow                                              Centrifugal Flow 

SINCE 2010, >99% of USA IMPLANTS = CONTINUOUS FLOW TECHNOLOGY

2nd GENERATION                         3RD GENERATION                                               



Second Generation VADs

 The key mechanical element was the implementation of a 
valveless axial pump with a rotary motor as the only moving 
part in the system. 

 More specifically, the design introduced an internal rotor in 
the axial path of flow that was suspended via blood-
immersed bearings (i.e., the rotor is in direct contact). The 
theoretical benefit of this design was further reduction of 
prothrombotic sites and minimization of wear and tear 
associated with multiple moving parts. 

 Efficiency was further enhanced with elimination of the 
reservoir chamber and inflow/outflow valves



The HeartMate II
2nd generation device

FDA APPROVED FOR BRIDGE TO TRANSPLANT 2008



FDA APPROVED FOR CLINICAL TRIAL AS BTT and DESTINATION(2012)





Third Generation VADs
 The critical distinguishing factor between 

the second- and third-generation LVADs is 
the employment of contact versus 
noncontact bearings, respectively. 

 The latter employs the technology known 
as magnetic levitation (MAGLEV), which 
allows for rotation without friction or wear. 

 The goal of this design is to further 
minimize prothrombotic sites while 
enhancing efficiency and durability



HeartWare HVAD

FDA APPROVED BRIDGE TO TRANSPLANT NOV 20, 2012

3RD GENERATION DEVICE



HeartMate III
3rd generation

FDA APPROVED FOR BRIDGE TO TRANSPLANT AUG 28, 2017



HOW DO ADULTS WITH CHD 
and LVADs COMPARE WITH 
THOSE ADULTS ON LVAD 
SUPPORT WITHOUT CHD? 





Survival of adults with and 
without CHD on Continuous 

Flow device

INTERMACS DATA         VanderPluym et al



CONCLUSION 

While VAD utilization is much 
less common in ACHD, the 
survival outcomes are similar to 
non-ACHD patients even in the 
setting of complex congenital 
disease.

1 year survival for ACHD VAD: 72%  

VANDERPLUYM et al



A Bit of Good News

Almost half (44%) of the high 
complexity lesions were D-TGA 
following the Atrial Switch 
operation: easy implant?  

25% were palliated Single 
Ventricle circulation: more 
difficult but good results!



ECHOCARDIOGRAPHY

 It’s indispensable for optimum pump placement

 Both TEE and Epicardial ECHO together are additive in 
usefulness

 Optimal cannula placement occurs when the inflow 
cannula is directed towards the AV valve

 Liberal resection of the moderator band, RV trabeculae, 
and the papillary muscles is necessary to ensure 
unobstructed flow when placed in the right ventricle 





A BIT OF BAD NEWS   ADVERSE EVENTS

 STROKE

 DRIVELINE, PUMP, POCKET INFECTION

 GASTROINTESTIONAL BLEEDING

 PUMP THROMBOSIS     RARE

 ADVERSE EVENT RATES DECLINING WITH NEWER 
GENERATION DEVICES



LVAD For Failing Single Ventricle 

44

3RD GENERATION EASIER TO IMPLANT



Heart Transplantation for ACHD : The Destination ?





Durable Mechanical Circulatory Support gained 
acceptance as long term “Destination Therapy”  in the 
USA



129 patients in NYHA class 4 CHF 
and who were ineligible for heart 

transplant

68 received MCS

61 received medical therapy



LVAD “Destination” Therapy
REMATCH Trial

Results
48% reduction in the risk of death from 
any cause in the group that received LVAD 
vs medical therapy(MT)

Survival
1 year LVAD 52%   MT 25%
2 year LVAD 23%   MT  8%



Approval of the HeartMate II for Destination Therapy in 
2010 by FDA,  opened the door for increased surgical 
impact on heart failure over heart transplantation alone

Approval of the HeartMate II for Destination Therapy in 
2010 by FDA,  opened the door for increased surgical 
impact on heart failureBulky over heart transplantation 
alone

BULKY, PRONE TO INFECTION and PUMP FAILURE

XVE HeartMate I Device 1st generation
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IN THE USA
BUT 



October 4, 2017

Medtronic HeartWare HVAD System APPROVED for Destination  
Therapy

FDA clears HVAD for patients with End Stage Heart 
Failure 



SynCardia TAH implant  May 22, 2011, 

Texas Children’s Hospital

17 y/o Jordan Merecka

Complex CCTGA, Biventricular failure 
Bridge to successful Transplant

FDA approved  2004 BTT

http://www.yourhoustonnews.com/memorial/news/article_cb8ee000-4456-5b52-99ca-59a86a5c58e5.html?mode=image&photo=0


Total Artificial Heart for Failed Fontan 

54



“Important subsets of patients 
with continuous flow DT now 
enjoy survival competitive with 
heart transplant out to 2 years”

No cancer
No cardiogenic shock at implant
No dialysis
BUN < 50 mg/dL
No severe right heart failure

September 2012

1 year survival 88%
2 year survival 80%
Heart Transplantion
80%/2years



Continuous flow blood pumps: the new gold 
standard for advanced
heart failure?
Stephen Westabyaand Mario Dengb,*
a Institute of Life Sciences, University of Swansea, Swansea, UK
b David-Geffen School of Medicine at UCLA, UCLA Medical Center, Los Angeles, CA, USA
* Corresponding author. Advanced Heart Failure/Mechanical Support/Heart Transplant, David Geffen School of Medicine 
at UCLA, Ronald Reagan UCLA Medical
Center, 100 Medical Plaza Drive, Suite 630, Los Angeles, CA 90095, USA. Tel: +1-310-7942131; fax: +1-310-2069133; 
email: mdeng@mednet.ucla.edu (M. Deng).

Keywords: Heart transplantation • Mechanical circulatory support • Heart failure • 
Continuous flow pump
Consider the familiar phrase ‘cardiac transplantation sets the gold
standard for the treatment of severe heart failure’. Does this still
ring true? For the advanced heart failure (AdHF) patient, the
primary objective is to provide symptomatic relief from intolerable
breathlessness, lethargy and fatigue [1]. The secondary aim,
conditional upon the primary objective being met, is to extend
life. Neither is accomplished easily in refractory Stage D heart
failure (New York Heart Association (NYHA) IV). Conventionally, at
this stage, only cardiac transplantation or palliative care options
remain

JULY 2013

PROVOCATIVE   EDITORIAL

TRANSPLANTATION REMAINS A RARE COMMODITY THAT 
BENEFITS A SMALL SELECTIVE GROUP OF YOUNGER PATIENTS

How do we care for the potential > 80,000 patients/per year in USA and Europe
alone in need of surgical management of heart failure?  



ACHD patients might not be best candidates for 
“Destination Therapy”

 Criteria for Destination Therapy continue to evolve as 
devices continue to improve

 ACHD patients who are highly sensitized or have 
elevated PVR should be considered for a destination 
VAD then reconsidered for transplant when criteria met

 Initial mortality following heart transplant is higher for 
ACHD, but long term outcomes are better

 Multiple previous operations, complex anatomy, single 
ventricle, and Failed Fontan physiology, ie., Protein 
Losing Enteropathy, plastic bronchitis,  favor heart 
transplant over a VAD 

 Should ACHD candidates receive preference for heart 
transplant donors? I believe so.



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwirhuSp-53XAhXL5IMKHa4rB44QjRwIBw&url=http://learningadvancedenglish.blogspot.com/2016/03/can-of-worms.html&psig=AOvVaw0RVTXLnYMffoHMwkVW89Jq&ust=1509645849704336




Distribution of Device Strategy for ACHD and 
non CHD patients: INTERMACS 2008-2014



INTERMACS database 2006-2015

VAD recipients with ACHD were more likely 
to have a Bridge to Transplant strategy (45 
vs 28%, p<0.001) than non-ACHD, and 
destination therapy was less frequent in 
ACHD patients compared to non-ACHD 
patients(16 vs 37%, p<0.001)



HEART HEALTH
Permanent artificial 
heart could eliminate the 
need for transplants
By Melinda Carstensen
Published March 24, 2016 
Fox News

What Does The Future Hold?

Costs must decrease, patient selection has to be refined, 
and technology has to advance to point where external 
driveline is avoided(transcutaneous energy transfer system)

http://www.foxnews.com/category/health/heart-health.html
http://www.foxnews.com/person/c/melinda-carstensen.html
http://www.foxnews.com/




PARADIGM SHIFT 

In the future, patients will be given a VAD when it is 
clinically needed; most patients will stay on the device, 
and those who experience device complications will 
undergo transplantation along with patients who are 
not suitable for device implantation in the first place…
i.e. ACHD patients 

In that way, good candidates can be listed for 
transplantation after full evaluation, and the limited 
organ supply can be allocated most appropriately.  

Texas Heart Inst J 2011   A Changing Trend Toward Destination Therapy  



DESTINATION THERAPY NOT APPROVED
Quality Adjusted Life Year(QALY) still above 100,000 USD

COST IS STILL A HUGH ISSUE!



By 2015, 50% of MCA devices 
implanted in the USA were implanted 

for “Destination” Therapy 

2017 INTERMACS REPORT







Royal Mecca clock, Mecca, S.A.
World’s largest clock tower



THANK YOU!
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