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Chronic Heart Failure Progression

Jessup M., Brozena S. N Engl J Med 2003; 348:2007-2018, 2003. 



Chronic Heart Failure Mortality

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

1-YEAR MORTALITY

NYHA I:   <5%
NYHA II:  5-10%
NYHA III: 10-20%
NYHA IV: 20-50%



Chronic Heart Failure Treatment

Stevenson LW. Eu J Heart Fail 1999
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Heart Transplantation Numbers
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Heart Transplantation in Slovenia
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Heart Transplantation Volume
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Survival after Heart Transplantation 
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• Advanced heart failure
– NYHA Class III or IV
– VO2 max � 12 cc/kg/min (on � -blockers) 

� 14 cc/kg/min (intolerant � -blockers)
• Incessant VT or high risk of sudden death

Indications for Heart Transplantation 

• 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– 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 (HbA1c >7.5)

• Active or recent malignancy
• Recent pulmonary infarction
• Psychosocial



Age Distribution by Era 
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Maintenance ImmunosuppressionMaintenance Immunosuppression
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Immunosuppression RegimensImmunosuppression Regimens

Pre-1980’s Typical Graft CAD
Renal 

Sparing

Cyclosporin

Tacrolimus

Cyclosporin

Tacrolimus

Sirolimus

EverolimusTacrolimus Tacrolimus Everolimus

Imuran
MMF

Imuran

Sirolimus

Everolimus
Cellcept

Prednisone
Prednisone

(month 0-6)



Advances in Heart Transplantation 

1. Recipient selection
2. Advances in Immunology
3. Rejection Management
4. Allograft Vasculopathy4. Allograft Vasculopathy



• 30-50% of patients will experience rejection within the 1st

year

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

ReRejectionjection

20% are humoral (antibody mediated).

• Presentation:

– Asymptomatic (most)

– Malaise, fatigue, atrial arrhythmias, pericardial 
effusion, low grade fever, GI symptoms

– Heart failure, ventricular arrhythmias, and conduction 
delays occur late



ReRejectionjection

Disease Progression
Alloimmune activation Cellular invasion Graft Dysfunc tion

Multiple genes 
and pathways

Cellular inflamation
and myocyte necrosis

Heart failure and
arrhythmias

Diagnostic Indicators

Gene Expression Profiling
Immune Function Assays

Endomyocardial Biopsy
(intermediate)

Functional Assessment
(late)



Endomyocardial BiopsyEndomyocardial Biopsy



Biopsy ScheduleBiopsy Schedule

• Weekly x 3.

• Every 2 weeks x 1.

• Every 4 weeks x 1.

• Every 2 months 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 PathologyBiopsy Pathology

Necrosis

Hemorrhage

Diffuse infiltrates

Necrosis
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Cardiac Allograft VasculopathyCardiac Allograft Vasculopathy

Histology
(autopsy)



Cardiac Allograft VasculopathyCardiac Allograft Vasculopathy IncidenceIncidence

Time post-transplant (%)

1 year 5.51 year 5.5

3 years 16.7

5 years 27.9

8 years 53.2



Prevention and TreatmentPrevention and Treatment

Rapamycin

P<0.01

Patients with established CAVDe novo after OHT

Control

Primary endpoint: death, angioplasty, MI,
or >25% increase in catheterization score



Survival after Heart Transplantation 



Advanced Chronic Heart Failure

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



CD34+ Bone Marrow Stem Cells



CD34+ Bone Marrow Stem Cells

Leri A, Kajstura J, Anversa P.. Physiol Rev. 2005;85(4):1373-416. 



CD34+ Cells and Myocardial Repair

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



Stem Cells and Myocardial Repair



Stem Cell Mobilization and Collection

• G-CSF (filgrastim) – NeupogenÒ : 5 mg/kg   
administered subcutaneously until peripheral
CD34+ reaches 10x106/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).propylene – amine oxyme (HMPAO).

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



Stem Cell Labeling



Stem Cell Transfer



Stem Cell Labeling



Clinical Application: UKC Ljubljana

Inclusion criteria:

• Patient age above 18 years
• Left ventricular ejection fraction less than 40%
• Advanced clinical symptoms (NYHA III ali IV)
• Normal coronary angiogram• Normal coronary angiogram

Exclusion criteria:

• Left ventricular aneurysm or thrombus
• Hematologic disease
• Multiorgan failure



Summary of Results

Intracoronary stem cell transplantation in patients with 
dilative cardiomyopathy resulted in:

1. Improvement in clinical status
2. Improvend left ventricular ejection fraction and VTI2. Improvend left ventricular ejection fraction and VTI
3. Decrease in LVEDD
4. Increased target wall thickness
5. Lowering of TNF alpha levels
6. No change in NT-proBNP, QTc interval and QT 

variability



Advanced Chronic Heart Failure

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



Mechanical Circulatory SupportMechanical Circulatory Support

Rose EA et al. NEJM 2001



HeartMate II HeartMate II 



HeartMate IIHeartMate II



Outflow Outflow 
StatorsStators

Outflow Outflow 
GraftGraft

ImpellerImpeller
InflowInflow

StatorsStators

Jarvik Jarvik FlowmakerFlowmaker

Power CablePower Cable MotorMotor



INCOR Berlin Heart



INCOR Berlin Heart



Total Artificial Heart




