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Background on Heart FailureBackground on Heart Failure

• Over 1 million patients hospitalized this year;

Population 
Group Prevalence Incidence Mortality

Hospital 
Discharges Cost

Total 
Population

5,700,000 670,000
50% within 

5.5 years
1,100,000

$37 
billion

Over 1 million patients hospitalized this year;
12 million outpatient office visits

• HF hospitalizations one of largest expenses for CMS

• Mortality rates remain very high

• One of the few major cardiovascular diseases increasing 
in incidence

PathophysiologyPathophysiology (Downhill Cascade)(Downhill Cascade)

Myocardial Myocardial 
InsultInsult

Myocardial Myocardial 
DysfunctionDysfunction

CardiomyopathyCardiomyopathy
Ischemic
Valvular
Hypertension
Tachycardiac
Familial/Genetic
Idiopathic
Toxins
Metabolic
Infectious

Hemodynamic Defense SystemsHemodynamic Defense SystemsInflammationInflammation

Reduced System Reduced System 
PerfusionPerfusion

Altered Gene     Altered Gene     
Expression      Apoptosis  Expression      Apoptosis  

RemodelingRemodeling

Systemic diseases
Allergic
Peri-partum
Neuromuscular
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Stages and classes of heart failureStages and classes of heart failure

Refractory
symptoms 
requiring 

specialized 
i t ti

Structural heart 
disease with 
symptoms, 

either prior or 

Structural 
heart disease 

without 
symptoms

High risk of 
developing HF

DCBA

ACC/AHA
HF Stage

Severe HFMild and 
Moderate HF

Asymptomatic

IVII–IIII

interventionscurrent

NYHA
Functional
Class

Hunt SA et al. Circulation 2005;112:1825

Stage AStage A Stage BStage B Stage CStage C Stage DStage D

CRT + ICDCRT + ICD

TransplantTransplant

Life Saving TherapiesLife Saving Therapies

Hydralazine NitratesHydralazine Nitrates

ACE Inhibition (ARB (ACE Inhibition (ARB (valsartan or candisartanvalsartan or candisartan) ACE intolerant)) ACE intolerant)

Beta Blocker Beta Blocker (Carvedilol/Metoprolol XL/Bisoprolol)(Carvedilol/Metoprolol XL/Bisoprolol)

Aldosterone antagonist Aldosterone antagonist (Eplerenone post MI)(Eplerenone post MI)

Heart Failure Management ProgramHeart Failure Management Program
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Levy, et al. N Engl J Med 2002;347:1397.
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7 year Survival of Cancer or Symptomatic 7 year Survival of Cancer or Symptomatic 
Systolic Heart FailureSystolic Heart Failure
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UnUn--Natural History of Heart FailureNatural History of Heart Failure

Advanced Heart FailureAdvanced Heart Failure
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Adapted from Bristow, MR Management of Heart Failure, Heart Disease: A Textbook of 
Cardiovascular Medicine,  6th edition, ed. Braunwald et al.

Survival Rate
Hospitalizations

age >65 (50%)age >65 (50%)
# of meds (9)# of meds (9)
# hosp (5)# hosp (5)
$$$ (12 billion)$$$ (12 billion)
Mortality (50%/yr)Mortality (50%/yr)
Rx???Rx???

Markers for Advanced CHF (EF<35%)Markers for Advanced CHF (EF<35%)

Rapidly AssessableRapidly Assessable

 Clinical ScenarioClinical Scenario
Inotrop/pressor dependance (~50% 1Inotrop/pressor dependance (~50% 1--3 mos)3 mos)
Acute myocardial Infarction (~50%1Acute myocardial Infarction (~50%1--3 week)3 week)

 DemographicDemographic

Easily AvailableEasily Available

 12 lead ECG12 lead ECG
AA--FibFib QRS (>120ms)QRS (>120ms)

 Cardiopulmonary TestingCardiopulmonary Testing
VO2 max < 14 ml/kg/minVO2 max < 14 ml/kg/minDemographicDemographic

Etiology (infiltrative>ischemic>nonEtiology (infiltrative>ischemic>non--
ischemic>paripartum)ischemic>paripartum)

Age (>68)Age (>68)

 SymptomsSymptoms
NYHA (PND)NYHA (PND)
SyncopeSyncope

 SignsSigns
Chronic S3Chronic S3
JVPJVP

VO2 max  14 ml/kg/min VO2 max  14 ml/kg/min 

 Blood WorkBlood Work
Na (<130)Na (<130)
BUN/Cr (>40 / >2.3)BUN/Cr (>40 / >2.3)
Hgb (<11 men, <10)Hgb (<11 men, <10)
Cholesterol (<150) Cholesterol (<150) 
BNP or ntBNP or nt--BNPBNP

 2 D Echo with Doppler2 D Echo with Doppler
LVEF (<25%)LVEF (<25%) Depressed RV functionDepressed RV function
LVEDD (>6cm)LVEDD (>6cm)
Restrictive Mitral Inflow Pattern (Doppler)Restrictive Mitral Inflow Pattern (Doppler)
Pulmonary Hypertension (Doppler)Pulmonary Hypertension (Doppler)
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3D the future of heart failure imaging

Are there any better optionsAre there any better options

What if a therapy 
could improve??

 Functional capacity
 Mobility/independence

 Improve QOL

 End-organ dysfunction
 Kidney, Lungs and Liver

 Low complication rate

 Survival

Mechanical Assist Applications 21st Mechanical Assist Applications 21st 
CenturyCentury





General Indications for VAD Support
•Cardiogenic Shock

Hypotension (ABP<80 or pressors)
Hypoperfusion (UO<30cc /FiO2>40 /AMS) 
Hemodynamics (CI<2.2 /PWCP>20)

•Refractory Heart Failure
NYHA IV (>30d)

INVASIVE 
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 Inotrope dependance (30d)
•Pulmonary Hypertension (2nd to CHF)

•TPG > 14 or PVR > 5
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VAD Applications 21st Century

Bridge to a Decision

Bridge to Transplantation

Destination Therapy

Recovery
?

Implantable
P

Surgically implanted HeartMate II

Inflow 
Cannulla

Outflow 
GraftPump

Controller

Percutaneous
Lead

Batteries

Graft

Rotor

Worldwide Clinical Experience*

More than 7,000 patients worldwide have now 
been implanted with the HeartMate II LVAS.

 Patients supported ≥ 1 year: 2439 
Patients supported ≥ 2 years: 851Patients supported ≥ 2 years: 851  

 Patients supported ≥ 3 years: 269

 Patients supported ≥ 4 years: 83

 Patients supported ≥ 5 years: 20 

 Patients supported ≥ 6 years: 1 

*Based on clinical trial and device tracking data (Thoratec Corporation)As of March 2011
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Destination Therapy = Option for Patients Who May 
Not Qualify for Cardiac Transplantation

General Specific Relative

Any condition limiting a 
successful transplant 
outcome

Elevated pulmonary vascular 
resistance
Active infection

l l di

Age
Peripheral vascular disease
Malignancy

Si /Ob i

Contraindications for Cardiac TransplantationContraindications for Cardiac Transplantation

Renal or pulmonary disease
Diabetes with end-organ 

damage
Cross-match incompatibility
Active psychiatric disease
Substance abuse
Smoking

Size/Obesity

129 ti t d i d t 20 t bli d d129 patients randomized at 20 centers ; blinded 
randomized study design

HeartMate I VE device.
Not Surgical Candidates – Destination Therapy
Inclusion Criteria

NYHA class IV for 90d despite tx with ACE, diuretics 
and digoxin

LVEF <25%
Peak O2 consumption of no more than 12ml/kg/min
Need for IV inotrope (BP, decreased renal function or 

worsening pulmonary congestion)
Mild change 18months in broadened for 5pts (3 LVAD, 

2 OMT groups) added IABP for 14days with Class 
III sx

Rose E. NEJM 2001

0 60
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0.80

0.90

1.00

VE LVAS (n=71)

OMM (n=61)

P=0.0012

• 1 year LVAD vs. OMM 
survival = 53.5% vs. 26.5%

Advantage of LVAD therapy (DT)Advantage of LVAD therapy (DT)

0.00

0.10

0.20
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0.40

0.50

0.60

0 6 12 18 24 30 36 42 48 54
Months Post Enrollment

P=0.0004

P=0.0063

REMATCH Update (as of April 2004) – Source Thoratec Registry

• 2 year LVAD vs. OMM 
survival = 32% vs. 8.2% 

• 3 year LVAD vs. OMM 
survival = 15.9% vs. 2%
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n=200  (134 HMII, 66 XVE)
Primary endpoint: 2 yr survival free from 
disabling stroke or pump repair/ 
replacement

Continuous Pulsatile

AGE 62+12 63+12

LVEF 17+5.5 16.8+5.4

SBP 104+14 104+18

PCWP 24+8 24+9

CI 2.0+0.6 2.1+0.6

Na 134.7+4.3 133.9+6.0

Cr 1.6+0.6 1.8+0.7

Inotropic 103(77%) 55(83%)

Primary Endpoint
Survival at 24 months, free from disabling stroke

or re-operation for device replacement (intention-to-treat)

50

60

n
ts

Primary Composite Endpoint
(% of Patients)

P<0.001

62/134 (46%)

Hazard Ratios
[95% CI]

Components:

Composite:

P<0.001Primary Endpoint
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CF LVAD PF LVAD

7/66 (11%)

p

Favors CF LVAD Favors PF LVAD

P<0.001

P=0.048

P=0.56

13 (10%) vs 24 (36%)

44 (33%) vs 27 (41%)

15 (11%) vs 8 (12%)

Reoperation to Replace Device

Death < 2 years

Disabling Stroke

0.0 0.5 1.0 1.5 2.0

0.18

0.59

0.78

NEJM 2009;361(23):2241-51.

S
u

rv
iv

al

50

60

70

80

90

100

CF LVAD

Log-rank Test p=0.008

68±4%

58±5%
55±7%

Actuarial Survival 

As-Treated Analysis
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Remaining at risk
133 95                                   82                                   69                        62
59                              32                                   19                                     5                2                  

PF LVAD

24±11%
Duration of support (yrs):

Median Longest
CF LVAD    1.7         3.7 
PF LVAD    0.6         2.1

NEJM 2009;361(23):2241-51
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Functional Status
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6 Minute Walk Distance% NYHA Class I or II

319 318
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n= 50;  19              77    29              61    12              36     1     

CF LVAD
PF LVAD

NEJM 2009;361(23):2241-51
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p<0.001 over time
Both treatments

p<0.001 over time
Both treatments

*
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42.1 44.4

0
10
20
30
40
50

Baseline 3 mo 12 mo 24 mo

LVAD Duration

M
L

W
H

F
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CF LVAD
PF LVAD

*p<0.05 between
treatments at 12 mo

NEJM 2009;361(23):2241-51.

DT Trial CAP: Background

Survival in Destination Therapy Trials2Background

• Initial HeartMate II Destination 
Therapy (DT) trial demonstrated 
significant improvements in 
outcomes compared to 
randomized patients with 

l til LVAD 1pulsatile LVADs1

– 68% survival at 1 year

– 58% survival at 2 years

• Over 500 additional DT patients 
have been enrolled under 
continued access protocol 
(CAP)

1 Slaughter MS, Rogers JG, Milano CA et al:  Advanced heart failure treated with continuous-flow left ventricular assist device. N Engl J Med. 2009 Dec 3;361(23):2241-51.
2 Fang JC: Rise of Machines – Left Ventricular Assist Devices as Permanent Therapy for Advanced Heart Failure N Engl J Med. 2009 Dec 3;361(23):2282-84.

Source:  Park SJ, AHA 2010 
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DT Trial CAP: Adverse Event Summary

Improvements in Adverse Event Rates:  
Early to Mid Trial

Stroke (events per pt-year)

0.06

0.03

0.05 0.05

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

Device Infections

Hemorrhagic Stroke *

**

*

Relative Risk Ratio

0.43

0.27

0.37

0.27

0.00

0.10

0.20

0.30

0.40

0.50

Device Infection Sepsis

Early Trial Mid Trial

Source:  Park SJ, AHA 2010 

0.00

0.01

Hem stroke Isc stroke

Infection (events per pt-year)

** *

Relative Risk Ratio

0.0 0.5 1.0 1.5 2.0

Right Heart Failure

Ischemic Stroke

Non-Device Infections

Renal Failure

Bleeding Requiring PRBC

Sepsis

Reduction in AE Rate Increase in AE Rate

*

*

*p<0.05
**p<0.01

B165-0411
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DT Trial CAP: 
Functional Class Improvements

NYHA Functional Class I & II

Early Trial Mid Trial
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N:       125                85                 73                58 59 266                191              158                125 67 

P<0.001 over time
P=0.439 between groups

Source:  Park SJ, AHA 2010 
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Mid trial (N=281)

Early trial (N=133)

74 ± 3%

68 ± 4%

64 ± 3%

58 ± 4%

Average Support Duration

Early trial  = 2.0 ± 1.6 years (longest: 5.5 years)

Mid trial    = 1.5  ± 1.0 years (longest: 3.4 years)

Improvements in DT Survival

Early Trial vs. Mid Trial

Time (Months)

0 6 12 18 24
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58 ± 4%

At Risk:

281
133

215
95

188
82

167
69

94
62

P(log-rank)               = 0.134
P(adjusted for BSA) = 0.162

* P value adjusted for body surface area

Source:  Park SJ, AHA 2010 
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DT Trial CAP:  Conclusions & Inference

• Trend towards improving survival
– Fewer deaths from 

hemorrhagic stroke

• Significant reductions in adverse 

What is the magnitude of absolute 
survival benefit with LVAD DT therapy?Conclusions

Source:  Park SJ, AHA 2010 

g
events:
– Hemorrhagic stroke 

>50% reduction
– Device related infections 

>35% reduction
– Sepsis 

>25% reduction

• Both QoL measures (KCCQ and 
MLWHF) demonstrated significant 
improvement over baseline values

Summary

 The next 10 years will see greater 
numbers of patients with heart 
failure

 Advanced heart failure patients 
h i i h

HeartMate II
 Continuous-flow LVAD FDA 

approved for Bridge-to-Transplant 
and Destination Therapy

 Over 7,000 patients worldwide 
have been implanted with over 800 

have a poor prognosis with 
limited options

 Heart Transplantation is finite 
resource with and is reserved for 
those who are deemed eligible

 Chronic LVAD therapy has 
emerged as a excellent treatment 
strategy for those with advanced 
heart failure

p
patients supported for more than 2 
years

 Improves survival when compared 
with optimal medical therapy alone

 Provides dramatic and sustained 
improvements in functional 
capacity and Quality of Life

 Low adverse event rate and 
excellent pump durability.

Cost of End-Stage HF
REMATCH STUDY (OMM)

 25% survival at 1 yr,  13% survival at 2 yrs

 Mean Cost Last 2 yrs: $156,169

$78,880 (50% last 6 mos)

 1 in 4 days in last 6 months spent in the hospital 

10 f ld i i ICU 1 3 l 3 10 fold increase in ICU costs 1st 3 mo vs last 3 mo

 79% of all costs during study were for inpatient costs with 28% for 
ICU care, 18% outpatient, 3.5% MD

 Clear need for more cost-effective therapies which should be 
applied earlier in the disease

Russo, M, et al. The Cost of Medical Management in Advanced Heart Failure During the Final Two Years of Life. JCF. 2008; Vol 14. No 8: 651-658. 
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LVAD costs are comparable to other life-
saving therapies

$91,093

$160,000

$128,000

$100,000

$150,000

$200,000

 LVAD 
implantation is 
both life-saving 
and resource-
intensive. 

$53,000

$0

$50,000

Heart
Transplantation

(1995)

Kidney Dialysis
(2000)

Chemotherapy
for Colon

Cancer (2004)

LVAD for DT
(2004)

Total One Year Costs Per Initial Hospitalization

Annual Medicare budget per heart transplant ($175,000) from deLissovoy, Health Affairs, 1998
Annual Medicare payment for kidney dialysis ($53,000) from CMS, 2002
Twelve month cost of mAb-based chemotherapy based on AWP for colon cancer ($161,000) from Schrag, NEJM, 2004
Average LVAD hospitalization costs ($128,084) for two of the highest-volume DT-accredited facilities (Miller et al, 2006)

 Costs are very 
similar to other 
high-tech 
interventions 
that society 
pays
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UnUn--Natural History of Heart FailureNatural History of Heart Failure

Advanced Heart FailureAdvanced Heart Failure
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Adapted from Bristow, MR Management of Heart Failure, Heart Disease: A Textbook of 
Cardiovascular Medicine,  6th edition, ed. Braunwald et al.

Survival Rate
Hospitalizations

age >65 (50%)age >65 (50%)
# of meds (9)# of meds (9)
# hosp (5)# hosp (5)
$$$ (12 billion)$$$ (12 billion)
Mortality (50%/yr)Mortality (50%/yr)
Rx???Rx???

Survival after HF Hospitalizations

2

2.5

3

1 hosp
Median
Survival

0

0.5

1

1.5

No CKD With CKD Age 75-85 Age > 85

1 hosp

2 hosp

3 hosp

4 hosp

Survival
Years

Setoguchi et al Am Heart J 2007

11,110 3264 5472 4098# of patients in the 
cohort CKD=Chronic Kidney Disease


