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Source:  National Hospital Discharge Survey, CDC/NCHS and NHLBI.

 ����������!��
�
"�����
��!��
��!�����
����
�
"���� �

#�
���$
������%������	
�
�
���&�
���#�
���$
������%������	
�
�
���&�
���



Impact of Advanced Heart Failure

Approximately 3-3.5 million have systolic HF

Prevalence increases with age-doubling > 65yrs

Survival averages only 40 % at 5 yrs or worse

> 150,000 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: Aghababian RV. Rev Cardiovasc Med. 2002;3(suppl 4):S3-S9.
Jong P et al. Arch Intern Med. 2002;162:1689-1694.
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Optimized Oral HF 
Drug Rx

Tx

High Risk 
CV Surgery

BiV Pacer

Investigational 
Drugs

InotropesHospice

VADs

Algorithm for Management of Heart FailureAlgorithm for Management of Heart Failure



ADULT HEART TRANSPLANTATION
Kaplan-Meier Survival by Era (Transplants: 1/1982 – 6/2003)
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ADULT HEART RECIPIENTS
Functional Status of Surviving Recipients

(Follow-ups: 1995 - June 2005)
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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



HeartMateHeartMate II Left Ventricular Assist SystemII Left Ventricular Assist System

Implantable
Rotary Pump

Percutaneous lead

Batteries

Controller



Outcomes Today with Continuous Flow Outcomes Today with Continuous Flow VADsVADs
HeartMateHeartMate II BTT Clinical StudyII BTT Clinical Study

�� Bridge to Transplant (n=279)Bridge to Transplant (n=279)

–– Primary CohortPrimary Cohort

�� 133 pts at 26 sites133 pts at 26 sites

�� Enrollment: March 2005 to May 2006Enrollment: March 2005 to May 2006

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

�� 146 patients at 32 sites146 patients at 32 sites

�� Enrollment:  May 2006 to March 2007Enrollment:  May 2006 to March 2007



Primary CohortPrimary Cohort

(n=133)(n=133)
Median (range)Median (range)

CAP CohortCAP Cohort

(n=146)(n=146)
Median (range)Median (range)

Age (yrs)   Age (yrs)   55 (1855 (18--69)69) 54 (1554 (15--70)70)

Gender               Gender               % Female% Female 21%21% 27%27%

EtiologyEtiology 37% ischemic37% ischemic 45% Ischemic45% Ischemic

BSA (mBSA (m 22)               )               AllAll

MalesMales

Females       Females       

1.98 (1.331.98 (1.33--2.62)2.62)

2.10 (1.532.10 (1.53--2.62)2.62)

1.65 (1.331.65 (1.33--2.45)2.45)

1.96 (1.351.96 (1.35--2.57)2.57)

2.06 (1.662.06 (1.66--2.50)2.50)

1.76 (1.351.76 (1.35--2.57)2.57)
UNOS StatusUNOS Status 48% 1A48% 1A

52% 1B52% 1B
51% 1A51% 1A

49% 1B 49% 1B 

HeartMateHeartMate II Clinical Study II Clinical Study 
Patient DemographicsPatient Demographics



HeartMateHeartMate II Actuarial Survival II Actuarial Survival 
Primary (n=133) and CAP (n=146) CohortsPrimary (n=133) and CAP (n=146) Cohorts
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HeartMateHeartMate II II vsvs HeartMateHeartMate VE VE 
Actuarial SurvivalActuarial Survival

((HeartMateHeartMate II Primary + CAP Cohorts)II Primary + CAP Cohorts)

1 Frazier et al JTCVS 2001

Remaining at risk
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VE:             280                                             53                                              13
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HeartMateHeartMate II Clinical TrialII Clinical Trial
Adverse Event RatesAdverse Event Rates
HeartMateHeartMate II II vsvs HM VE HM VE 

Adverse EventAdverse Event

Continuous FlowContinuous Flow

HM II (62 pt yrs)HM II (62 pt yrs)

(n=133)(n=133)

PulsatilePulsatile FlowFlow

HM VEHM VE 1 1 (86 pt yrs)(86 pt yrs)

(n=280)(n=280)

Bleeding requiring surgeryBleeding requiring surgery 0.780.78 1.471.47

PercutaneousPercutaneouslead infectionlead infection 0.370.37 3.493.49

StrokeStroke 0.190.19 0.440.44

NonNon--stroke neurologicalstroke neurological 0.260.26 0.670.67

RV failure requiring RVADRV failure requiring RVAD 0.080.08 0.300.30

Events / Patient Year

1Frazier OH, Rose EA, Oz MC, et al; J Thor CV Surg 2001



HeartMateHeartMate II Clinical StudyII Clinical Study
Functional Status Functional Status -- 6 Minute Walk6 Minute Walk
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Effects of CRT Effects of CRT vsvs LVAD on Health Status LVAD on Health Status 
Measures Measures –– 6 Min walk6 Min walk
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HeartMateHeartMate II Clinical StudyII Clinical Study
Quality of Life Quality of Life –– Improvement from BaselineImprovement from Baseline
Kansas City Kansas City CardiomyopathyCardiomyopathy QuestionaireQuestionaire

Primary: n = 99                                          75     45

CAP:      n = 43                                          34    25

P < 0.001P < 0.001
Percent Improvement in ScorePercent Improvement in Score
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HeartMate II Destination Therapy Trial
• Design

– Prospective, randomized, multicenter clinical trial

• Inclusion criteria:
– LVEF � 25% 
– Peak VO2 <14 ml/kg/min (or 50% age- and sex-predicted)
– And either

• NYHA class IIIb-IV symptoms for at least 45 of the prior 60 days on 
maximally tolerated oral heart failure medications, or

• Dependence on IV inotropes for at least 14 days, or

• Dependence on an IABP for at least 7 days

– Not a candidate for transplantation

• Exclusion criteria: 
– Irreversible renal, pulmonary or hepatic dysfunction or active 

infection



Baseline Characteristics
HeartMate II Destination Therapy Trial

Characteristic

CF LVAD

(n=134)

PF LVAD

(n=66) p

Age (yrs) 62 ��� � 12 63 ��� � 12 0.81

Female 19% 8% 0.04

BSA (m 2) 2.0 ��� � 0.3 2.1 ��� � 0.3 0.54

Ischemic Etiology 66% 68% 0.75

Prior Stroke 16% 17% 0.94

Contraindications to TX

Age    
Obesity

Pulmonary Hypertension 

Diabetes
Renal dysfunction

Non-compliance/ social 

Recent history of cancer

37%
14%

10%

9%
9%

8%

7%

36%
8%

3%

12%
6%

9%

12%



Baseline Characteristics
HeartMate II Destination Therapy Trial

Characteristic
CF LVAD
(n=134)

PF LVAD
(n=66) p

LVEF (%) 17.0 ��� � 5.5 16.8 ��� � 5.4 0.81

Central venous pressure 
(mmHg)

13 ���� 6 13 ��� � 8 0.67

PCWP (mmHg) 24 ���� 8 24 ��� � 9 0.82

Cardiac Index (l/min/m2) 2.0 ��� � 0.6 2.1 ��� � 0.6 0.36

Serum sodium (mmol/L) 134.7 ��� � 4.3 133.9 ��� � 6.0 0.31

Serum creatinine (mg/dL) 1.6 ��� � 0.6 1.8 ��� � 0.7 0.08

Concomitant therapies

Inotropic agents

CRT
ICD

IABP

Mechanical ventilation

77%

63%
83%

22%

7%

83%

59%
79%

23%

9%

0.36

0.64
0.56

1.00

0.57

DT Risk Score
high/very high

10.4 ��� � 5.4

18 %

9.9 ��� � 4.7

8 %
0.78
0.06



Primary Endpoint
HeartMate II Clinical Trial

0

10

20

30

40

50

60

P
er

ce
n

t 
o

f 
P

at
ie

n
ts

CF LVAD PF LVAD

Primary Composite Endpoint
(% of Patients)

P<0.001

62/134 (46%)

7/66 (11%)

Survival at 24 months, free from disabling stroke
or re-operation for device replacement (intention-to-treat)

Hazard Ratios
[95% CI]

Components:

Favors CF LVAD Favors PF LVAD

P<0.001

P<0.001

P=0.048

P=0.56

13 (10%) vs 24 (36%)

44 (33%) vs 27 (41%)

15 (11%) vs 8 (12%)

Primary Endpoint

Reoperation to Replace 
Device

Death < 2 years

Disabling Stroke

0.0 0.5 1.0 1.5 2.0

0.38

0.18

0.59

0.78



Actuarial Survival 
HeartMate II Destination Therapy Trial

Months
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Actuarial Survival vs REMATCH*
HeartMate II Destination Therapy Trial
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Functional Status
HeartMate II Destination Therapy Trial

n= 126;  55              91    38              72    18         50     1    

6 Minute Walk Distance% NYHA Class I or II
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DT vs BTT
(Including BTT CAP)
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Change in Tx Eligibility (DT     Tx)

Post REMATCH DT study: HM XVE ’02-’05  

N=268:   32  (13%) listed as DT/ ineligible for Tx
Converted to eligible and underwent Tx

Primary contraindications: Pulm HTN and Renal

85% survival post Tx

LVAD can reverse some end organ dysfunction 
or contraindications to Tx



HEARTWARE LVAD

HeartWare
®

LVAD  is implanted in the pericardial space

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



Group 1: INTERMACS 1: crash and burn
Group 2: INTERMACS 2 and 3: hospitalized and inotro pe-dependent
Group 3: INTERMACS 4 – 7: poor functional capacity

Survival to D/C Based on Survival to D/C Based on 
INTERMACSINTERMACS
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Group 3   
(n=24)

Group 3 vs Group 1:  p < 0.01

Group 3 vs Group 2:  p = 0.73

Group 2 vs Group 1:  p < 0.01

Boyle A, John R, et al.   ESC HF Congress Milan, It aly 2008.



Lengths of Stay Based on Lengths of Stay Based on 
INTERMACSINTERMACS
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Modified from Bristow M, in Braunwald, ed: Heart Disease, chap 24, 2005

How do we identify appropriate patients with 
less severely ill heart failure?

Include Class IIIb and IV, exclude “Futile” Implants

Exclude “Futile” Implants

REMATCH OMM

Include Class IIIb/IV

LESS SICK



LVADs in Less Severe HF
Referral for advanced cardiac replacement therapies 
remains very late in most patients-based on belief that 
this therapy is a desperation only

Chose a new therapy when the outcomes are better

Patient selection most important determinant-outcome

Current outcomes with Continuous Flow LVADs
now provides the basis for equipoise in moving 
to patients with less severe HF

Goal: Better Survival and Functional Capacity 
New Trials are now being planned to prove this
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MCS-VAD Gene 
Therapy

Cell 
Therapy

Novel Drug  
Therapy

Molecular 
Basis 

Remodeling

Cardio-Renal 
Physiology

Unloading 

Reloading



Surgical Delivery for Cell Therapy

Ideal opportunity at time of LVAD implant
Only clinical model to recover the tissue Tx’d



RECOVERY WITH MCS
Issues in Cell Therapy

• SAFE
• MECHANISM(S)-? Primarily Paracrine
• NUMBER
• TYPE:  ?? MSC
• AUTOLOGOUS VS ALLOGENEIC
• Chronic illnesese like HF decrease function
• ROUTE OF DELIVERY: inject vs patch
• Need allogeneic cell bank for “off the shelf” use 

that is not immunogenic



Combined cell and gene therapyCombined cell and gene therapy

SoleusSoleus
BiopsyBiopsy

MyoblastMyoblast IsolationIsolation
And ExpansionAnd Expansion

Viral Infection With Viral Infection With 
HIF2HIF2 aaaaaaaa (EPAS1)(EPAS1)--AdenovirusAdenovirus

EPAS ExpressingEPAS Expressing
Cells Injected Cells Injected 

Into injured heartInto injured heart

Adapted from: Day, Adapted from: Day, et al.et al.1997 J Ortho Res 15:8941997 J Ortho Res 15:894--903903



EPASEPAS--1 promotes new 1 promotes new 
capillaries and capillaries and 

arterioles in arterioles in infarctedinfarcted
heartheart



SERCA2a is the Primary 
Calcium Handling Protein
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Levels of SERCA 
2A and 
Phospholamban are 
markedly reduced in 
advanced HF



Who Is Dying With Heart Failure Who Is Dying With Heart Failure 
N=160 Deaths  2000N=160 Deaths  2000--20042004

Peak Peak creatininecreatinine past 6 mopast 6 mo 3.13.1

Peak BUN Peak BUN / past 6 / past 6 mosmos 6262

Lowest Lowest Serum Na+ Serum Na+ 128128

RV dysfunctionRV dysfunction 53%53%

0 / 1 / 0 / 1 / >> 2 2 hospshosps/ 6 / 6 mosmos 26 / 32/ 4226 / 32/ 42

LVEFLVEF 20%20%

50% deaths within 12 mo50% deaths within 12 mo 74% recent 74% recent Class IVClass IV

Teuteberg, Stevenson et al, 
J Cardiac Failure’06; 12: 47-53



Risk Factors for Mortality with HF
>3 Prompt Referral for Advanced Rx
Hospitalization for HF on oral HF therapy

Na+ < 136

BUN> 45, Creat>2.5, CrCl< 45 cc/min

BNP >4 x’s upper limit of normal

Diuretic Dose >2.0 mg/kg/day

Inability to take ACEI/ARB/BB

LVEDD >7.0

VO2 <55% predicted


