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Remodeling & Recovery

Normal CHF Remodeled CHF covered







Increased LV sphericity

 LV dilation + Sphericity
 Higher wall stress
 Higher MVO2

 Abnormal distribution of 
fiber shortening

 Greater blunted 
response to exogenous 
catecholamines

 And associated with
 Functional MR
 Lower exercise capacity
 Higher CHF score
 Worse long-term survival



심부전의 치료



Reverse Remodeling - Recovery

 Anti-remodeling drugs

 Device

 LVAD

 Sugical

 Cell therapy



Reverse Remodeling - Recovery



McMurray JJV. Lancet 2003;362 (9386):777-81
MERIT-HF Study Group. Lancet 1999;353(9169):2001-7
SOLVD Investigators. N Engl J Med 1991;325(5):293-302

Historical Advances in Heart 
Failure Treatment

2003
CHARM-Added

Diuretics and digitalis

+ACEIs
RRR 18%
AMR 4.8%

+Beta blockers
RRR 38%
AMR 3.7%

ARBs
(candesartan

cilexetil)
RRR 16%
AMR 3.6%

?

1999
(MERIT-HF)

1990s
(SOLVD)

1890s–1990s



Drugs for HF treatment



ACE escape
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Aldosterone Breakthrough 
During ARB

Yoneda T et al. AJH 2007; 20:1329–1333
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Ceiling effect of ACEI



Age-adjusted survival of CHF

ACE inhibitor

Beta-blocker

ACE inhibitor

Beta-blocker



Drug’s trials

 phosphodiesterase
type 5A (PDE5A) 
inhibition

 recombinant human 
relaxin-2



Reverse Remodeling - Recovery

 Anti-remodeling drugs

 Device

 LVAD

 Sugical

 Cell therapy



Reverse remodeling 
effects of CRT



Clinical Responders to CRT
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Control CRT
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Reduced Mortality in HF

ACE-I & Beta Blockade
Reduce Mortality
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Further Reduction with CRT + ICD 
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Devices for HF management

 Monitoring device
 Implantable hemodynamic monitor (IHM)
 Pulmonary artery pressure monitoring device
 LA pressure monitoring

 Therapeutic device
 Implantable cardiac defibrillator (ICD)
 Cardiac resynchronization therapy (CRT)
 Cardiac contractility modulation (CCM)
 Vagal nerve stimulation
 Transvenous phrenic nerve stimulation for CSA
 Mechanical circulatory support (MCS)

 Ventricular assist device (VAD)
 Total artificial heart (TAH)



CCM : Optimizer III system



n=13
NYHA FC III
LVEF 23% 
Peak VO2 13.8
QRSD <140 ms
Optimal Tx >3 months

3 hr daily over 8 weeks
7 hr daily over 24weejs

5.8 - 7.7 V





Vagal nerve stimulation



Vagal nerve stimulation



Vagal nerve stimulation



Effects of VBS

 HR ↓
 Rate-independent effects
 Anti-apoptotic

 NO ↑
 Ischemia/reperfusion injury ↓
 Anti-inflammatory 
 Anti-arrhythmic



Annular & Ventricular Remodeling



Reverse Remodeling - Recovery

 Anti-remodeling drugs

 Device

 LVAD

 Sugical ventricular restoration

 Cell therapy



Biopolymer gel 
implants











Novelty of the approach

 Alginates as new biomaterials in tissue 
engineering 
 Natural, polysaccharides found in brown 

seaweed 
 Biocompatible and inert 
 Injectable biomaterial during heart surgery 
 transition into hydrogel that will remain as 

cardiac implants 



Histology





Effects of alginate hydrogel implants 

 Increased wall thickness 
 Greater radial deformation
 Small end-systolic volume
 Partially reversed maladaptive LV 

sphericity
 Reduced severity of functional MR
 Pre-Vol loops

FIGURE 1



Effects of alginate hydrogel implants 

 Reduced cardiomyocyte cross-
sectional area (reduced hypertrophy)

 Reduction of interstitial fibrosis
 Reduction of O2 diffusion distance
 Increase of capillary density

 Lack of AHI degradation for 2 yr
 No inflammatory reaction
 No arrhythmic events



First-in-Man Experience



First-in-Man Experience

 Ischemic (n=4) / nonischemic (n=2)
 CABG / Valve procedure
 LVEF ≤40%, LVEDDi 30-40 mm/m2

 0.25-0.35 ml intramyocardial injection
 10-15 points at LV midventricular level



Cardiac MRI study



Cardiac MRI study

End-systole End-diastole

Wall thickness



Cardiac MRI study



AUGMENT-HF





















Solving problems

 Long-term safety and effects ?
 Larger number study
 Blinded trial (vs open trial design)
 Risk of arrhythmia ?
 Survival benefits ?

 Percutaneous approach ?



HF managements 

Electrophysiologist

HF specialist

Interventionist

Cardiac surgeon

Translational 
researcher

Nephrologist

Hospist



Summary

 Diverse designs and trials for reverse 
remodeling

 Biopolymer gel implants
 One of promising novel approach
 Less invasive
 Short-term safety
 Early effects of reverse remodeling at the 

levels of histology, hemodynamics and LV 
structures

 Needs for long-term safety and effects
 Needs for blinded trial with larger number
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