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Pathogenesis of Heart Failure

Regardless of the initial mechanism, 
ventricular failure and dilatation can 
contribute to a self-sustaining 
deteriorating process. In effect, 
adverse chamber enlargement 
becomes a stimulus for further 
hypertrophy and remodeling, which 
is an important pathogenesis factor 
promoting the development and/or 
progression of heart failure.

- Marc Pfeffer



Left Ventricular Remodeling

Jessup M, Brozena S. NEJM 2003;348:2007-18.

��� � LV Volume

��� � Sphericity

��� � Ejection Fraction

��� � PM Distance

��� � Leaflet Restriction

��� � Mitral Regurgitation
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Heart Failure Therapies



CRT and LV Remodeling

St. John Sutton MG, et al. Circulation 2006;113:266-272.
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LaPlace’s Law

wall tension � pressure x radius



“Batista” Operation

Attempt to restore a more normal mass to radius rat io



Outcomes After PLV*

Franco-Cereceda A  et al. J Thorac Cardiovasc Surg 2001; 121:879-893.

* Partial Left Ventriculectomy

Early post-operative 
failures - 15% shock 
requiring LVAD

Survival: 1-yr 80%
3-yr 60%

Freedom from failure: 
1-yr 49% 
3-yr 26%

LVEDV lower, but SV 
remained unchanged



Surgical Ventricular Restoration 

Athanasuleas CL et al. J Am Coll Cardiol 2004;44:1439-45.



Surgical Ventricular Restoration 

Athanasuleas CL et al. J Am Coll Cardiol 2004;44:1439-45.

1,198 patient registry

12 centers

1998-2003

LVESVI > 60ml/m2 

(Normal = 24 ml/m2) 

NYHA I 9%
II 22%
III 40%
IV 29%

Concomitant Procedures 
CABG 95% 
MVA 22%
MVR 1%



Survival Post SVR

Athanasuleas CL et al. J Am Coll Cardiol 2004;44:1439-45.

30-d Mortality 5.3% 
MVR 8.7% 
No MV 4.0%

IABP 8.2% 
LVAD 0.7% 
ECMO 0.3%

5-yr Survival 68.6% 
AVG time death 1.85 yrs

Mortality Risk Factors 
EF > 30%
LVESVI>80ml/m2

NYHA > III 
Age > 75 years



Pressure-Volume Relationships:
Pre and Post SVR

Burkhoff D  et al. J Thorac Cardiovasc Surg 2006;132:459-63.



Distribution of STICH Patients



Mitral Valve Anatomy

NORMAL CARDIOMYOPATHY



Low EF Mitral Valve Surgery 

Low post operative 
mortality

Ventricular size is 
reduced

Ejection Fraction 
increases

HF symptoms improve

Intermediate-term 
outcomes are 
favorable



Bolling SF et al. J Thorac Cardiovasc Surg 1998;115:381-8.

Mitral Valve Annuloplasty 



Bishay ES et al. Eur J Cardiothorac Surg 2000;17:213-21.

MV Repair or Replacement 



Event-free Survival Post-MVA

Wu AH  et al. J Am Coll Cardiol 2005;45:381-7.

U. Michigan (1995-2002)

419 patients: 126 MVA 
293 no MVA

Cox regression analysis

4.8% 30-d mortality

Did not report indices of 
ventricular remodeling,  
symptoms, hemodynamics
or durability of repair

Endpoint: Death, LVAD, UNOS 1 transplant



Treating a Ventricular Disease at 
the Level of the Annulus

Treating a Ventricular Disease at 
the Level of the Annulus



Cardiac Support Device - CorCap



Cardiac Support Device - CorCap

Mann DL  et al. Ann Thorac Surg 2007;84:1226-35.



Cardiac Support Device - CorCap

Mann DL  et al. Ann Thorac Surg 2007;84:1226-35.



Cardiac Support Device - CorCap

CRT

LVEDV LVESV

LVEF



CorCap – No Mortality Benefit

Starling RC et al. Ann Thorac Surg 2007;84:1236-42.



Mitral Valve Surgery - CorCap Experience

Starling RC et al. Ann Thorac Surg 2007;84:1236-42.

MVR Stratum No MVR Stratum



Mitral Valve Surgery - CorCap Experience

Acker MA et al. J Thorac Cardiovasc Surg 2006;132:568-77.

LVEDV LVEF

LVESV MLHF



Cardiac Support Device - CorCap

Mann DL  et al. Ann Thorac Surg 2007;84:1226-35.



Renlund DG and Kfoury AG. N Engl J Med 2006; 335:1922-5.

LVAD Bridge to Recovery 



LVAD Bridge to Recovery 

Klotz S et al. Circulation 2005;112:364-74.



Klotz S et al. J Am Coll Cardiol 2007; 49:1166-74.

LVAD Bridge to Recovery 



Jugdutt BI et al. J Am Coll Cardiol 2007; 49:1175-77.

Therapeutic Adjuncts for LVAD



Rather than selecting patients who have the best 
outcomes with a given therapy, the important 
construct is to select patients in whom the outcome 
with therapy is most favorable compared with what 
would have happened without the therapy.  

- Robert Califf

Principle of Quantitative Interactions

Califf RM, DeMets DL. Circulation 2002;106:1015-20.



Effects of Surgical Therapies

CRT = Cardiac Resynchronization Therapy SVR = Surgic al Ventricular Restoration

MVA = Mitral Valve Annuloplasty LVAD = Left Ventricu lar Assist Device

CSD = Cardiac Support Device

Procedure
Reduction 

in MR
Mortality 

Reduction
Functional 

Improvement
Reverse 

Remodeling

MVA Yes Yes NoYes

CSD Yes Yes NoYes

SVR Yes Yes ?Yes

CRT Yes Yes TrendYes

LVAD Yes Yes YesYes



Risk of Surgery

CRT = Cardiac Resynchronization Therapy SVR = Surgic al Ventricular Restoration

MVA = Mitral Valve Annuloplasty LVAD = Left Ventricu lar Assist Device

CSD = Cardiac Support Device

Procedure
30-day 

Mortality

MVA - Acorn 1.6%

CSD 7.8%

SVR 5.3%

MVA - UM 4.8%

LVAD 8%



4. How and where should MV repair be performed?

1. Which, if any, of our patients should we refer for 
remodeling surgery?

Questions & Future Directions

3. Is there a time-dependent survival benefit with 
remodeling surgery?

2. Is there a “point of no return” for LV remodeling? 
If so, how do we determine? LVEDV? LVEF? 

5. Can LVADs allow hearts to recover? What is the 
best adjunctive pharmacologic treatment?





CRT and LV Remodeling



Cardiac Support Device - CorCap

Mann DL  et al. Ann Thorac Surg 2007;84:1226-35.



LVAD Bridge to Recovery 

Burkhoff D et al. J Card Fail 2006;12:227-239.



Maybaum S et al. Circulation 2007;115:2497-2505.

LVAD Bridge to Recovery 



Because of the invasive nature of surgery, patient 
selection criteria should be individualized and 
optimized so that surgery is performed in those 
patients who are the most likely to receive a maximal 
benefit from the procedure when compared with 
subjects who do not undergo surgery.

Principle of Quantitative Interactions


