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Statistics

1 - 2% of total world 
population
Prevalence 0.1%
ca. 500,000 patients in US
probability to survive 
40 - 80% (1 year),
10 - 50 % (5 years)

Cardinal symptoms
Decreased exercise tolerance
Dyspnea - Orthopnea
Fatigue
Nocturia
Fluid retention / edema
End-stage: Cachexia

Heart Failure



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

Class III

� 25% of HF Patients

� Frequent 
hospitalizations

� Worsening symptoms 
despite drug therapy

� Significant opportunity 
for new therapies

Natural History of Heart FailureNatural History of Heart Failure



Standard TherapyStandard Therapy

••Beta blockersBeta blockers
••ACEIACEI’’s, ARBs, ARB’’s, Aldosterone s, Aldosterone 
blockersblockers
••HydralazineHydralazine
••NitratesNitrates
••DiureticsDiuretics
••DigoxinDigoxin



Neurohormonal Imbalance in Heart 
Failure

Neurohormonal Imbalance in Heart 
Failure

••Increased adrenergic toneIncreased adrenergic tone

••ReninRenin--AngiotensinAngiotensin--Aldosterone systemAldosterone system
••ProPro--inflammatory cytokinesinflammatory cytokines

••Metabolic imbalanceMetabolic imbalance

••GH and Testosterone GH and Testosterone 
DeficiencyDeficiency



Growth HormoneGrowth Hormone

••Anabolic steroid hormoneAnabolic steroid hormone

••Released from Anterior PituitaryReleased from Anterior Pituitary

••Secreted in pulsatile mannerSecreted in pulsatile manner

••Regulates somatic growthRegulates somatic growth



GH-IGF AxisGH-IGF Axis

••GH directly binds to transmembrane GH directly binds to transmembrane 
receptors in all types of cellsreceptors in all types of cells

••GH indirectly stimulates production of GH indirectly stimulates production of 
insulininsulin--like growth factor (IGF)like growth factor (IGF)

••Occurs in Liver (endocrine action)Occurs in Liver (endocrine action)
••Occurs in Peripheral tissueOccurs in Peripheral tissue

••GH and IGF make up the GHGH and IGF make up the GH--IGF axisIGF axis



The GH-IGF AxisThe GH-IGF Axis



Cardiac Effects of GH-IGFCardiac Effects of GH-IGF

•• Expressed in myocytes exposed to Expressed in myocytes exposed to 
increased mechanical stressincreased mechanical stress

•• Autocrine/Paracrine ActionsAutocrine/Paracrine Actions
•• Cell hypertrophyCell hypertrophy
•• Delays myocyte apoptosisDelays myocyte apoptosis
•• Increases intracellular calcium (Ca)Increases intracellular calcium (Ca)
•• Increases myofilament Ca sensitivityIncreases myofilament Ca sensitivity



IGF-mediated EffectsIGF-mediated Effects

•• Stimulate nitric oxide productionStimulate nitric oxide production

•• Participates in angiogenesis and repair following Participates in angiogenesis and repair following 
ischemic eventischemic event

•• Physical and function capacityPhysical and function capacity
•• Maintains muscle massMaintains muscle mass
•• Maintains strengthMaintains strength
•• Maintains body compositionMaintains body composition



GH in Heart failureGH in Heart failure

•• GH and IGF decreased GH and IGF decreased (Konteleon et al. 2003  And Osterziel et al. 2000)(Konteleon et al. 2003  And Osterziel et al. 2000)

•• HF from DCM compared to healthy controlHF from DCM compared to healthy control
•• HF from iCM compared to healthy controlHF from iCM compared to healthy control

•• GH increased and IGF decreased GH increased and IGF decreased (Anker et al. 2001)(Anker et al. 2001)

•• Occurs if coexistent Cardiac CachexiaOccurs if coexistent Cardiac Cachexia
•• Growth Hormone ResistanceGrowth Hormone Resistance
•• Low IGF SyndromeLow IGF Syndrome

•• GH Resistance is directly proportional to severity of HFGH Resistance is directly proportional to severity of HF



Growth Hormone as TherapyGrowth Hormone as Therapy

FormulationsFormulations



GH as TherapyGH as Therapy

Fazio et al 1996Fazio et al 1996

•• DCM patients treated w/GHDCM patients treated w/GH
•• GH 4 IU subQ qODGH 4 IU subQ qOD

•• Increase in LV massIncrease in LV mass
•• Improved hemodynamicsImproved hemodynamics
•• Improved exercise capacityImproved exercise capacity
•• Clinical improvementClinical improvement

•• Similar results by Jose et al. Similar results by Jose et al. 
2001 Perrot et al. 1999 and 2001 Perrot et al. 1999 and 
Osterzeil et al. 1998Osterzeil et al. 1998



GH as TherapyGH as Therapy



GH as TherapyGH as Therapy



GH as TherapyGH as Therapy
Jayasankar et al. 2003Jayasankar et al. 2003

•• Mice model of ischemic CMMice model of ischemic CM
•• AdenoviralAdenoviral--mediated gene transfer of GHmediated gene transfer of GH

•• GH expression in infarcted tissue GH expression in infarcted tissue 
•• Preserved LV sizePreserved LV size
•• Increased wall thicknessIncreased wall thickness



GH as TherapyGH as Therapy

Fig.Fig. 4.4. (A) Representative histologic sections 6(A) Representative histologic sections 6 weeks following initial surgery. Hematoxylin and eosin weeks following initial surgery. Hematoxylin and eosin 
staining has been performed, and arrows depict the diameter (D) staining has been performed, and arrows depict the diameter (D) and wall thickness (WT) measurement and wall thickness (WT) measurement 
areas. Scale barareas. Scale bar == 22 mm. (B) Average left ventricular chamber diameter in each experimm. (B) Average left ventricular chamber diameter in each experimental group at mental group at 
the study endpoint. (C) Average left ventricular free wall thickthe study endpoint. (C) Average left ventricular free wall thickness in each experimental group at the ness in each experimental group at the 
conclusion of the study. (Sham, nconclusion of the study. (Sham, n == 8; Null, n8; Null, n == 8; GH, n8; GH, n == 8). *8). *pp << 0.001 GH vs Null, 0.001 GH vs Null, ††pp << 0.05 GH vs 0.05 GH vs 
Sham, **Sham, **pp << 0.001 Null vs Sham, 0.001 Null vs Sham, ††††pp << 0.05 Null vs Sham0.05 Null vs Sham



GH as TherapyGH as Therapy
GenthGenth--Zotz et al. 1999Zotz et al. 1999

•• Human model of ischemic CMHuman model of ischemic CM
•• 2 IU of GH qDay2 IU of GH qDay

•• Improved clinical symptomsImproved clinical symptoms
•• Improved exercise capacityImproved exercise capacity
•• Decreased PCWP at rest and after subDecreased PCWP at rest and after sub--
max exercisemax exercise
•• Increased CO, especially at restIncreased CO, especially at rest
•• Increased posterior wall thicknessIncreased posterior wall thickness
•• Decreased EDV/ESVDecreased EDV/ESV

•• No Increase in LV EFNo Increase in LV EF

•• Improvements were partially reversed 3 Improvements were partially reversed 3 
mo after discontinuation of therapymo after discontinuation of therapy



Cittadini et al. 2003Cittadini et al. 2003

•• Rat model of ischemic   Rat model of ischemic   
CMCM
•• 3.5 mg/kg qOD of GH3.5 mg/kg qOD of GH

•• Survival rate was 68% in Survival rate was 68% in 
GHGH--treated ratstreated rats
•• Survival rate was 48% in Survival rate was 48% in 
placebo group placebo group 
••(p = 0.0377)(p = 0.0377)

GH as Therapy



GH as TherapyGH as Therapy

•• Improved LV Improved LV 
relaxation in GHrelaxation in GH--
treated ratstreated rats

•• 50% reduction in 50% reduction in 
collagen volume collagen volume 
fractionfraction

•• 27% increase in 27% increase in 
capillary densitycapillary density



GH as TherapyGH as Therapy



GH as TherapyGH as Therapy



Study LimitationsStudy Limitations

•• Small study populationsSmall study populations

•• Lack of Placebo groupsLack of Placebo groups

•• GH administered in nonGH administered in non--pulsatile fashionpulsatile fashion

•• GH doseGH dose

•• IGF responseIGF response



GH Supplementation 
Side Effects

GH Supplementation 
Side Effects

•• Fluid RetentionFluid Retention

•• GynecomastiaGynecomastia

•• Orthostatic HypotensionOrthostatic Hypotension

•• DiabetesDiabetes



ConclusionConclusion

•• HF is a chronic multisystem disease process HF is a chronic multisystem disease process 
which is wrought with significant morbidity, which is wrought with significant morbidity, 
mortality and is burdensome on the health care mortality and is burdensome on the health care 
systemsystem

•• Optimal medical management is oftentimes Optimal medical management is oftentimes 
inadequate in fully controlling symptomsinadequate in fully controlling symptoms

•• As the end stage of HF results in a catabolic, As the end stage of HF results in a catabolic, 
propro--inflammatory condition, more attention to the inflammatory condition, more attention to the 
effects of metabolic therapies is neededeffects of metabolic therapies is needed



Conclusion (cont.)Conclusion (cont.)

•• GH resistance is found in chronic HF patients GH resistance is found in chronic HF patients 
with cardiac cachexia and may represent a with cardiac cachexia and may represent a 
contributing element to symptom statuscontributing element to symptom status

•• GH supplementation has been shown to GH supplementation has been shown to 
increase ventricular muscle mass, improve increase ventricular muscle mass, improve 
clinical symptoms and prolong lifeclinical symptoms and prolong life

•• More research is necessary to fully understand More research is necessary to fully understand 
the potential for GH therapy in HFthe potential for GH therapy in HF
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