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Impact of Advanced Heart Failure

Approximately 3-3.5 million have systolic HF

Prevalence increases with age-doubling > 65yrs

Survival averages only 40-90 % at 5 yrs

> 100,000 have advanced, refractory HF

More days spent in Hosp for HF care than any Dx

Number One Readmission Diagnosis-50% by 6 mo

Two thirds of 50 Billion cost is in-hospital care



Outcomes in Patients Hospitalized with 
Heart Failure

References:References: Aghababian RV. Aghababian RV. Rev Cardiovasc Med.Rev Cardiovasc Med. 2002;3(suppl 4):S32002;3(suppl 4):S3--S9.S9.
Jong P et al. Jong P et al. Arch Intern Med.Arch Intern Med. 2002;162:16892002;162:1689--1694.1694.
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Options for Management of
Advanced/End Stage HF

Optimized Oral HF 
Drug Rx

Tx

High Risk 
CV Surgery

BiV Pacer

DT

Investigational 
Drugs

InotropesHospice

VADs
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ADULT HEART TRANSPLANTATION
Kaplan-Meier Survival by Era (Transplants: 1/1982 – 6/2006)
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ADULT HEART TRANSPLANTATION
Kaplan-Meier Survival by Age Group (Transplants: 1/1982-6/2005)

0

20

40

60

80

100

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Years

S
ur

vi
va

l (
%

) 
   

18-34 (N= 6,688) 35-49 (N=17,969)
50-59 (N=25,166) 60-64 (N=9,648)
65-69 (N= 3,241) 70+ (N= 346)

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



ADULT HEART RECIPIENTS
Functional Status of Surviving Recipients

(Follow-ups: 1995 - June 2005)
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Status 2000 2008 %change

1A 870 1100 +26%

1B 755 714 -5%

2 573 188 -67%

ALL 2199 2002 -9%

US Heart Transplants By 
Status

The change from 2000 to 2008

Source: UNOS published data to 30 November 2008Source: UNOS published data to 30 November 2008
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Pulsatile vs Continuous Flow 
LVADs

Pulsatile / Volume Displacement Continuous / Rotary

Varying the speed of the rotor can 
increase flow/output and change 
ventricular dimension and volume



HeartMate II Left Ventricular Assist System

ImplantableImplantable
Rotary PumpRotary Pump

Percutaneous leadPercutaneous lead

BatteriesBatteries

ControllerController
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HeartMate II Clinical TrialHeartMate II Clinical Trial
Phase II Phase II –– Pivotal StudyPivotal Study

FDA approved IDE for 2 Clinical TrialsFDA approved IDE for 2 Clinical Trials

1. 1. Bridge to TransplantBridge to Transplant--133 pts at 26 sites133 pts at 26 sites
Enrollment: March 2005 to May 2006Enrollment: March 2005 to May 2006

2. 2. Destination TherapyDestination Therapy
�� 200 patients, at 40 sites200 patients, at 40 sites

�� Randomized 2:1; HM II vs HM XVERandomized 2:1; HM II vs HM XVE

�� Ongoing: 151 patients (75%) enrolled (1/26/07)Ongoing: 151 patients (75%) enrolled (1/26/07)



HeartMate II Actuarial Survival HeartMate II Actuarial Survival 
Primary (n=133) and CAP (n=146) CohortsPrimary (n=133) and CAP (n=146) Cohorts
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HeartMate II as BTT Actuarial Survival HeartMate II as BTT Actuarial Survival 
Primary (n=133) and CAP (n=146) CohortsPrimary (n=133) and CAP (n=146) Cohorts
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HeartMate II vs HeartMate VEHeartMate II vs HeartMate VE 11

Actuarial SurvivalActuarial Survival
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HeartMate II Clinical TrialHeartMate II Clinical Trial
Kansas City Cardiomyopathy QuestionaireKansas City Cardiomyopathy Questionaire
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Effects of CRT vs LVAD on Health Effects of CRT vs LVAD on Health 
Status Measures Status Measures –– 6 Min walk6 Min walk
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VentrassistVentrassist LVAD: LVAD: Interim Interim Analysis Analysis ((nn=98)=98)



HEARTWARE LVAD

HeartWare
®

LVAD  is implanted in the pericardial space

Integrated inflow cannula and novel sewing ring 
designed to expedite the implant procedure. 



HeartMate II Clinical StudyHeartMate II Clinical Study
Phase II Phase II –– Pivotal StudyPivotal Study

�� DESTINATION THERAPY (n=466)DESTINATION THERAPY (n=466)

–– Primary Cohort  (N=200)Primary Cohort  (N=200)
�� at 32 sitesat 32 sites

�� Enrollment:  August 06Enrollment:  August 06--Dec 07Dec 07

–– CAP (Continued Access Protocol) CohortCAP (Continued Access Protocol) Cohort

�� 266  patients at 32 sites266  patients at 32 sites

�� Enrollment:  Dec 07 to Dec 08Enrollment:  Dec 07 to Dec 08

�� Study stopped by DSMB for superiority of Study stopped by DSMB for superiority of 
HM II over older XVEHM II over older XVE

�� Study to be presented at AHA Nov 09Study to be presented at AHA Nov 09



HeartMate II n=279 
Actuarial Survival
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REMATCH Study 
Non-Tx Eligible Patients-DT

“As Treated” Analysis 

P=0.0001
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•Biochemical-RAAS, SNS, Inflammation

•Structural-myocyte, matrix, collagen, LV size 

•Cellular-adrenergic receptors, metab,        
calcium handling proteins

•Molecular-cytoskeletal, non-cytoskel
proteins, 

•Functional-contractility, relaxation

Changes Associated with Cardiac 
Remodeling with LVAD support



Guldner NW, et al. Guldner NW, et al. Circulation Circulation 2000; 101:22132000; 101:2213 --2219.2219.

Intrathoracic skeletal muscle ventricle (SMV) is ma de by wrappinIntrathoracic skeletal muscle ventricle (SMV) is ma de by wrappin g left LDM g left LDM 
around a training device.  It consists of a central  chamber and around a training device.  It consists of a central  chamber and 2 elastic side 2 elastic side 
bladders.  A myostimulator induces a muscle contrac tion via 2 elbladders.  A myostimulator induces a muscle contrac tion via 2 el ectrodes.  ectrodes.  
Contraction causes a volume shift from central cham ber into expaContraction causes a volume shift from central cham ber into expa nding bladders, nding bladders, 
with a corresponding pressure increase.  This press ure is measurwith a corresponding pressure increase.  This press ure is measur ed by piercing a ed by piercing a 
subcutaneous vascular access port (PaC).subcutaneous vascular access port (PaC).



Petrou M, et al. Petrou M, et al. 
CirculationCirculation 1999; 1999; 
99:71399:713--720.720.

Effect of Clenbuterol in Skeletal Muscle VentricleEffect of Clenbuterol in Skeletal Muscle Ventricle

ClenbuterolClenbuterol

Electric TrainedElectric Trained
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Myocardial Recovery with LVAD: 
Clenbuterol-Yacoub Experience

VAD VAD 
n=19n=19

Explanted   Explanted   
nn=11*=11*

Died PeriDied Peri--Op   n=4Op   n=4

No No 
Recovery Recovery 

Tx n=4Tx n=4

EF=60% at 3.4 EF=60% at 3.4 
yrsyrs

ClenbuterolClenbuterol
StoppedStopped

Max Oral HF RxMax Oral HF Rx
ClenbuterolClenbuterol

1 died1 died



Imperial CollegeImperial College
OF SCIENCE TECHNOLOGY AND MEDICINEOF SCIENCE TECHNOLOGY AND MEDICINE

Harefield HospitalHarefield Hospital
Royal  Brompton  & Harefield   NHS  TrustRoyal  Brompton  & Harefield   NHS  Trust

Harefield Recovery Study Patients 
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Myocardial Recovery with Clenbuterol
Harefield Recovery Protocol-HARPS*

VAD VAD 
nn=40=40

ExplantExplant EF>50%EF>50%

Max Oral HF RxMax Oral HF Rx
(ACE, BB, ARB, Dig, (ACE, BB, ARB, Dig, 
Aldact)Aldact)

ClenbuterolClenbuterol At 2At 2--3 months*3 months*

ECHOECHO

6 mo6 mo

ECHOECHO

Cont ClenCont Clen

EF<40%EF<40% TxTx

NonNon--Ischemic HF>1 yrIschemic HF>1 yr

Plateau in Plateau in 
LVEDDLVEDD



Use of Use of VADsVADs for Advanced HFfor Advanced HF
SummarySummary

�� Substantial data now exists for both BTT and as a Substantial data now exists for both BTT and as a 
long term alternative, Destination Therapylong term alternative, Destination Therapy

�� Recent clinical trials with 2nd generation of devices Recent clinical trials with 2nd generation of devices 
with continuous flow herald a new era in MCSwith continuous flow herald a new era in MCS

�� Outcomes now nearly that for heart transplantOutcomes now nearly that for heart transplant

�� Multiple new devices now in clinical trial for full Multiple new devices now in clinical trial for full 
support of the circulation and partial  supportsupport of the circulation and partial  support

�� Huge benefit in QOL and Functional capacityHuge benefit in QOL and Functional capacity

�� Equipoise now exists for upcoming trials inEquipoise now exists for upcoming trials in

Less severe HF patientsLess severe HF patients


