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Congestive heart failure affects nearly 5 
million in the US and its prevalence is 
growing around the world. 


 

About 70,000 new patients each year, with 
severe heart failure, are expected in the 
USA by the year 2010 


 

In 1995 the cost of heart disease in the 
US was >$174B, with ~70% for 
hospitalization and nursing home care. 
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Epidemiology of Heart Failure Epidemiology of Heart Failure 
in Israelin Israel


 

6-10% of adults > 65 yrs of age


 
Total number of patient: 86,000 pts 


 

New cases: 8,600 per year


 
Death per year: 6,000 people



Treatment OptionsTreatment Options 
SurgerySurgery


 

Revascularization


 
Valve repair


 

Ventricular reconstruction


 
Constraint devices


 

Heart (allo)transplantation


 
Heart xenotransplantation


 

Mechanical devices



Myocardial RevascularizationMyocardial Revascularization


 

Seems to be beneficial when more then 25% 
viability is present


 

Metanalysis (Allman et al. J Am Coll Cardiol 2002;39:1151-8 )
– 3088 patients
– LVEF 32±8%
– Follow-up 25±10 months
– Annual mortality

+VIABILITY -VIABILITY
CABG 3.2% 7.7%
Medical         16% 6.2%



Mitral Valve RepairMitral Valve Repair


 

Popularized by Bolling


 
Downsizing ring


 

RV dysfunction and PHT are not doing well


 
48 patients with severe MR and EF<25%
– 12 and 24 months survival:     82% and 71%
– FC: 3.9±0.3 to 2.0±0.6
– LVEF 17±3% to 26±8%

Bolling et al. J Thorac Cardiovasc Surg 1998;115:381-8. 



Mitral Valve RepairMitral Valve Repair 
No Survival Advantage?No Survival Advantage?

Wu AH et al. J Am Coll Cardiol 2005;45:381-7


 

419 patients with severe MR


 
Death, LV assist device implantation, or 
transplantation


 

Mitral valve annuloplasty (n=126) -> 62 (49%)


 
Treated medically (n=293) -> 120 (41%)


 

Not significant 



Ventricular ReconstructionVentricular Reconstruction


 

Popularized by DOR


 
Initially used for LV aneurysm only


 

Reshaping the globular dilated heart into a 
conical one became apparent later



RESTORE StudyRESTORE Study


 

1,198 patients with postinfarction dilated 
cardiomyopathy had CABG and LV 
restoration between 1998 - 2003


 

Non contracting segments excluded


 
Improved EF and NYHA


 

Perioperative mortality – 5.3%


 
Overall 5 years survival – 69%


 

Freedom from readmissions for CHF – 78%

Athanasuleas et al. JACC 2004; 44: 1439-45



STICHSTICH 
SSurgical urgical TTreatment for reatment for IIsscchemic hemic HHeart Failureeart Failure


 

Multi center trial


 
About 3,000 patients will be enrolled


 

MED vs. CABG + MED vs. CABG and LV 
reconstruction + MED


 

LVEF<=35%





Heart (allo)transplantationHeart (allo)transplantation


 

Current gold standard 
 

Limited supply


 
Requires 
immunosuppressive 
medications
– Rejection is common
– Infection is common

Pros Cons



Surgical TechniqueSurgical Technique
Shumway BiCaval

Less TR
Less Pacemaker



Heart xenotransplantationHeart xenotransplantation


 

Unlimited supply 
 

Moral and ethical 
concerns


 

Viral infection


 
Immunosuppressive 
issues


 

Not available yet

Pros Cons

“Xenotransplantation is the future
of cardiac transplantation and

always will be”
N. Shumway, 1990



Mechanical Assistance availabeMechanical Assistance availabe


 

Short term (Centrifugal pumps)
– LVAD 
– RVAD
– BiVAD
– ECMO


 

Long term
– Pulsatile (Thoratec PVAD, Cardiowest TAH)
– Axial flow (HeartMate II)
– Centrifugal (HeartWare)



LevitronixLevitronix

The Levitronix® CentriMag VAS is 
designed to provide temporary support for 
patients suffering potentially reversible 
cardiogenic shock. 
FDA approved for up to 30 days of use.



CannulationCannulation



Mechanical AssistanceMechanical Assistance

Bridge to 
transplant

Bridge to 
recovery

Long term 
therapy

Bridge to
decision



Univentricular vs. Biventricular Univentricular vs. Biventricular 
Assist Device SupportAssist Device Support


 

Indications for Biventricular Support
– Signs of Right Heart Failure
– Intractable Arrhythmias
– RV/Septal Infarction
– Elevated PVR
– Secondary Organ Involvement
– Prolonged Cardiogenic Shock “Sicker 

Patients”



Bridge to TransplantationBridge to Transplantation


 

Main use of devices today


 
Most require LVAD only


 

About 10% will require additional RVAD


 
About 70% will survive to transplantation


 

Survival after transplantation similar to 
those without a device



Bridge to RecoveryBridge to Recovery


 

Currently unpredictable results


 
It is yet to be discovered who are the 
patients that will recover and will not fail 
shortly after removal of device




 

15 patients, NICM receiving inotropes


 
Extensive HF therapy post LVAD implantation


 

11 patients were explanted after 320±186 days


 
2 died (1 arrhythmia, 1 carcinoma)


 

Freedom from HF at 1 and 4 years was 100% 
and 89%


 

Quality of life near normal



Long Term TherapyLong Term Therapy


 

Lack of donors and successful long term 
support as bridge, opened a new era



REMATCH studyREMATCH study 
RRandomized andomized EEvaluation of valuation of MMechanical echanical AAssistance for the ssistance for the TTreatment of reatment of CHCHFF



 
129 patients (68 – LVAS, 61 – optimal medical)



 
Mean age: 66 ± 9 years



 
48% reduction in risk of death



 
1 year survival: 52% vs. 25%



 
2 year survival: 23% vs. 8%



 
Improved quality of life at 1 year 



Destination TherapyDestination Therapy


 
Heartmate XVE - an enhanced version of 
the VE version used in the REMATCH 
study was approved for destination therapy 
in non transplanted candidates in 2002 by 
the FDA.



HeartMate II Destination Trial HeartMate II Destination Trial Nov Nov 
20092009

FDA approval following the study



Actuarial Survival vs REMATCH*Actuarial Survival vs REMATCH* 
HeartMate II Destination Therapy TrialHeartMate II Destination Therapy Trial
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ADULT HEART TRANSPLANTATIONADULT HEART TRANSPLANTATION 
KaplanKaplan--Meier Survival by Age GroupMeier Survival by Age Group (Transplants: 1/1982(Transplants: 1/1982--6/2005)6/2005)
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HALF-LIFE  18-34: 11.9 years; 35-49: 10.8 years; 50-59: 9.7 years; 60-64: 8.8 years; 
65-69: 8.1 years; 70+: 6.9 years

All pair-wise comparisons are 
statistically significant at p < 0.01

ISHLT 2008
Last updated based on data as of December 2006J Heart Lung Transplant 2008;27: 937-983

מציג
הערות מצגת
Survival was calculated using the Kaplan-Meier method, which incorporates information from all transplants for whom any follow-up has been provided.  Since many patients are still alive and some patients have been lost to follow-up, the survival rates are estimates rather than exact rates because the time of death is not known for all patients.  The half-life is the estimated time point at which 50% of all of the recipients have died. 

Survival rates were compared using the log-rank test statistic.



Bridge to DecisionBridge to Decision


 

Patients that are non transplantable may 
turn with time to be good transplant 
candidate
– Freedom from malignancy 
– Pulmonary hypertension



Pathophysiology of PHTPathophysiology of PHT


 

Increased hydrostatic pressure


 
Decreased availability of NO


 

Hypoxia  vasoconstriction


 
Pulmonary vessels remodeling 



Clinical PerspectiveClinical Perspective


 

Elevated pulmonary vascular resistance 
unresponsive to pharmacological 
intervention is a major limitation in heart 
transplantation.


 

PVR >2.5 Wood units in about 30% of all 
heart transplant candidates


 

Non-responsive pulmonary hypertension in 
70% of these patients

Chen JM et al. J Thorac Cardiovasc Surg 1997;114:627-634.



Clinical PerspectiveClinical Perspective


 

Survival Rate After Orthotopic Heart 
Transplantation (18 Months)
– PVR<2.5 Wood 72 %
– PVR > 5 Wood 38%

Anguita M et al. J Heart Lung Transplant 1992




 

35 patients who received LVAD for PHT


 
PHT decreased in all


 

24 (70%) survived to transplantation




 

24 LVAD for PHT


 
52 matched NO PHT


 

Similar survival
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DevicesDevices 
ComplicationsComplications


 

Infection


 
Malfunction


 

Thromboembolism
LimitationsLimitations


 

Size


 
Durability


 

Portability


 
Energy source



ThoratecThoratec®®:  :  
Paracorporeal VADParacorporeal VAD



 
Pulsatile



 
Pneumatic



 
Univentricular or 
Biventricular Support



 
Numerous Cannulation 
Options



 
Small and Large Patients 
(17 Kg - 144 Kg)



 
Short to Long-Term Support





Univentricular vs. Biventricular Univentricular vs. Biventricular 
Assist Device SupportAssist Device Support


 

Indications for Biventricular Support
– Signs of Right Heart Failure
– Intractable Arrhythmias
– RV/Septal Infarction
– Elevated PVR
– Secondary Organ Involvement
– Prolonged Cardiogenic Shock “Sicker 

Patients”



Total Artificial HeartTotal Artificial Heart
CardioWest



 
Pulsatile, pneumatic driven

Fully FDA approved as a 
bridge to transplantation

Since 2004



Axial Flow PumpsAxial Flow Pumps


 

magnetically suspended


 
Small


 

Silent


 
Valveless


 

7,000-12,000 RPM


 
Afterload dependent


 

Can deliver up to 10 lit/min



Axial Flow PumpsAxial Flow Pumps
HeartMate IIHeartMate II



HeartMate IIHeartMate II





70 y/o male, ICM, s/p CABG, 
LV+RV dysfunction 8/08

65 y/o male, ICM, s/p CABG, 
Sev PHT,  9/08



Centrifugal PumpsCentrifugal Pumps


 

magnetically levitated


 
Small


 

Silent


 
Valveless


 

2,000-3,000 RPM


 
Afterload dependent


 

Can deliver up to 10 lit/min

HeartWareHeartWare

http://www.google.co.il/url?source=imgres&ct=tbn&q=http://surgery.med.umich.edu/cardiac/images/content/HeartWare_HVAD.jpg&sa=X&ei=oLSxTNXMB4HDswaeseGJDQ&ved=0CAUQ8wc4Aw&usg=AFQjCNE5a80Fh_VSOdEf8c1H7dVi4h9Ttw


Contraindication for VADContraindication for VAD


 

Sepsis


 
Coma


 

Anuria


 
Multiorgan failure



ConsultConsult


 
I’ve known this guy with heart failure EF 10% for 
years. He’s been doing great. But he acutely 
decompensated two weeks ago and arrested at home. 
Went to his local ED and arrested again. They put a 
balloon pump and shipped him to us.


 

He arrested twice on the way. The last one was a 
long one, and he got intubated. His kidneys took a 
hit and we put him on CVVH for a few days. He 
looked great, and we got him extubated.


 

We got him down to only milrinone and he was 
sitting in a chair, we placed it PICC line in him and 
we thought we could get him home.


 

But…



ConsultConsult


 
He arrested again the day before yesterday, got 
reintubated, and got a balloon pump again. He’s 
back on CVVH (hasn’t made urine in two days, but 
his baseline creatinine is ‘only’ 2.3). He’s on three 
high dose inotropes with a cardiac index of 1.2. It 
took us all day yesterday to get it above 1.


 

I think he’s got some shock liver too. His 
transaminases are going up. His INR is 4.5 but that 
could be because he has not been eating well and 
may be vit K deficient.


 

I think a pneumonia or line sepsis, could have 
triggered all this recent decompensation. But its 
hard to tell, his lungs are whited out, and it may just 
be from fluid.


 

I think he needs a VAD, don’t you?



“In general, erring on the side of 
early implantation is advisable 
because after a certain level of 

decompensation the patient may 
not be able to recover in time”

P.M. McCarthy, in The Stanford Manual 
of Cardiopulmonary Transplantation
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