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Chronic Heart Falilure Progression

A Ventricular remodeling after acute infarction

Initial infarct Expansion of infaret Global remodeling
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Jessup M., Brozena S. N Engl J Med 2003; 348:2007-2018, 2003.
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Probability of Survival

Chronic Heart Failure Mortality
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Figure 1

Deaths From Congestive Heart Failure,

1968 to 1993
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1-YEAR MORTALITY

NYHAI: <5%
NYHAII: 5-10%
NYHA 111: 10-20%
NYHA IV: 20-50%

Levy D et al. New Engl J Med 2002;348



Chronic Heart Fallure Treatment

Stage A Stage B Stage C
High risk Structural  Structunal
with no heart disease,
symptoms disease, no  previous or

symptoms current
symptoms

Stage D
Refractory
symptoms
requiring

special
intervention

VAD, transplantation

Consider multidisciplinary team
Revascularization, mitral-valve surgery
Cardiac resynchronization if bundle-branch block present
Dietary sodium restriction, diuretics, and digoxin
ACE inhibitors and beta-blockers in all patients

Risk:factor reduction, patient and family education

Stevenson LW. Eu J Heart Fail 1999




Advanced Chronic Heart Failure

1. Heart Transplantation
2. Stem Cell Therapy
3. Mechanical Circulatory Support




Advanced Chronic Heart Failure

2. Stem Cell Therapy
3. Mechanical Circulatory Support




Heart Transplantation Numbers

J Heart Lung Transplant 2006;25:869-79
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Heart Transplantation Volume
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30-39 40-49 50-74 75+

Number of transplants per year

J Heart Lung Transplant 2006;25:869-79
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Survival after Heart Transplantation

1985
8.1 years

1978

5 years

1996

1991 9.8 years

9.5years

Time to 50% Survival

2001

10:3-years

1960

1970

1980

1960.Surgical technique
of heart transplantation
pionneered by
Normand Shumway

1967. Christiaan Barnard
performs the first human
to human heart
transplantation

1969.Denten Cooley
uses first total artificial
heart as a bridge to
transplant

1973.Philip Caves develops
technique of endomyocardial
biopsy. Margaret Billingham
develops a system for reading
specimens

1983. Cyclosporine
approved by the FDA

1984, First successful
use of a ventricular assist
device

1991.Sievers develops
the bicaval technique for
orthotopic heart
transplantation

1990's. Introduction
of MMF and tacrolimus

Late 1990's. trials with
sirolimus and everolimus
used clinically early 2000
(everolimus not yet

FDA approved in the USA)

Expected Advances

Expected advances in
organ preservation
immune monitoring
immunosuppression




Advances in Heart Transplantation

. Recipient selection

. Advances in Immunology
. Rejection Management

. Allograft Vasculopathy




Advances in Heart Transplantation

2. Advances in Immunology
3. Rejection Management
4. Allograft Vasculopathy




Indications for Heart Transplantation

Advanced heart failure

— NYHAClass Ill or IV

— VO, max 12 cc/kg/min (on -blockers)

14 cc/kg/min (intolerant -blockers)

Incessant VT or high risk of sudden death
Refractory, severe angina
Congenital heart disease

— Failed Fontan conduit

— Failing systemic right ventricle
Cardiac tumors

— Low likelihood of metastasis




Contraindications for Heart Transplantation

Advanced age (>70)
Active systemic infection
Fixed pulmonary hypertension
— PVR > 5 Wood Units or PVRI > 6
— TPG > 15-20 mmHg
— PAs > 50-60 mmHg or >50% systemic
Severe renal, hepatic, or pulmonary disease
Obesity (BMI > 30 or >140% IBW)
Severe PVD
Diabetes mellitus
— End-organ damage
— Poor glycemic control (HbAlc >7.5)
Active or recent malignancy
Recent pulmonary infarction
Psychosocial




Age Distribution by Era
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# 1982-1988 (N = 9,718)

B 1989-1993 (N = 19,602)

B 1994-1998 (N = 20,587)
1999-2003 (N = 16,657)

35 1
30 -
%)
c_%25-
o
2 20 -
©
5 15 T
S

10
5_

0-9 10-19 20-29 30-39
Recipient Age




Age and Post-transplant Survival

— 18-34 (N=5,608) — 35-49 (N=15,866)
50-64 (N=29,387) —65-69 (N=2,407)
70+ (N =239)
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Time after transplant (years)




Advances in Heart Transplantation

1. Recipient selection

3. Rejection Management
4. Allograft Vasculopathy




Maintenance Immunosuppression

1999 (N=685) ® 2003 (N =2,949)  Jan 2005 - Jun 2005 (N = 1,411)
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Cyclosporine  Tacrolimus Rapamycin Azathioprine  Predn iIsone




Immunosuppression Regimens

Pre-1980’s

r

Typical

S

Graft CAD

Renal
Sparing

Cyclosporin
Tacrolimus

Cyclosporin
Tacrolimus

Sirolimus
Everolimus

Imuran

MMF
Imuran

Sirolimus
Everolimus

Cellcept

Prednisone

N

Prednisone
(month 0-6)
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Advances in Heart Transplantation

1. Recipient selection
2. Advances in Immunology

4. Allograft Vasculopathy




Rejection

30-50% of patients will experience rejection within the 15t
year

Most cases are cellular (T-lymphocyte mediated). Up to
20% are humoral (antibody mediated).

Presentation:
— Asymptomatic (most)

— Malaise, fatigue, atrial arrhythmias, pericardial
effusion, low grade fever, Gl symptoms

— Heart failure, ventricular arrnythmias, and conduction
delays occur late




Rejection

Disease Progression

Alloimmune activation

Multiple genes
and pathways

Cellular invasion

Cellular inflamation
and myocyte necrosis

Graft Dysfunc tion

Heart failure and
arrhythmias

Diagnostic Indicators

Gene Expression Profiling
Immune Function Assays

Endomyocardial Biopsy
(intermediate)

Functional Assessment
(late)




Endomyocardial Biopsy




Biopsy Schedule

Weekly x 3.

Every 2 weeks x 1.

Every 4 weeks x 1.

Every 2 months x 1.

Every 3 months for the remainder of the first year.
Every 6 months until 5 years.

Once a year after 5 years.




Biopsy Pathology
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Advances in Heart Transplantation

1. Recipient selection
2. Advances in Immunology
3. Rejection Management




Cardiac Allograft Vasculopathy

Histology
(autopsy)




Cardiac Allograft Vasculopathy Indidedeace

Time post-transplant

1 year
3 years
D years

8 years




Prevention and Treatment

De novo after OHT Patients with established CAV
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1.5 mg of 3.0 mg of Azathioprine
Everolimus Everolimus (N=72)
(N=70) (N=69)

360

Time (days)

Primary endpoint: death, angioplasty, MI,
or >25% increase in catheterization score
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Survival after Heart Transplantation

1985
8.1 years

1978

5 years

1996

1991 9.8 years

9.5years

Time to 50% Survival

2001

10:3-years

1960

1970

1980

1960.Surgical technique
of heart transplantation
pionneered by
Normand Shumway

1967. Christiaan Barnard
performs the first human
to human heart
transplantation

1969.Denten Cooley
uses first total artificial
heart as a bridge to
transplant

1973.Philip Caves develops
technique of endomyocardial
biopsy. Margaret Billingham
develops a system for reading
specimens

1983. Cyclosporine
approved by the FDA

1984, First successful
use of a ventricular assist
device

1991.Sievers develops
the bicaval technique for
orthotopic heart
transplantation

1990's. Introduction
of MMF and tacrolimus

Late 1990's. trials with
sirolimus and everolimus
used clinically early 2000
(everolimus not yet

FDA approved in the USA)

Expected Advances

Expected advances in
organ preservation
immune monitoring
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Advanced Chronic Heart Failure

1. Heart Transplantation

3. Mechanical Circulatory Support




Bone Marrow Stem Cells

hematopoietic
stem cell
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CD34+ Bone Marrow Stem Cells
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Leri A, Kajstura J, Anversa P.. Physiol Rev. 2005;85(4):1373-416.




CD34+ Cells and Myocardial Repair

Cardiomyocyte
differentiation

L
o0 %
Angiogenesis Paracrine action
(e.g. growth
factor secretion)

Current Opimen in Pharmacology

Grigoropoulos NF, Mathur A. Curr Opin Pharmacol. 2006 Apr;6(2):169-75.




Stem Cells and Myocardial Repair
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Stem Cell Mobilization and Collection

G-CSF (filgrastim) — NeupogenO : 5 ng/kg
administered subcutaneously until peripheral
CD34+ reaches 10x10°/L

Cythopheresis from peripheral venous blood

Immune selection of CD34+ cells in vitro
(Baxter, Munich, Germany)




Stem Cell Labeling

99mTc scintigraphy for detection of viability

20 percent of stem cell solution used for stem
cell labeling with 99mTc — hexamethyl —
propylene — amine oxyme (HMPAO).

Stem cell imaging to assess myocardial homing
and distribution (2 hours and 18 hours after
procedure)




Stem Cell Labeling
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Stem Cell Transfer













3. Mechanical Circulatory Support



























