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REVERSE REMODELING     REMISSION    RECOVERY?



“Heart Failure is Characterized by Progressive Decline”

INSULT
INJURY



Our Understanding of the Trajectory of  HF has Changed

INTERVENTION



Remodeling, Reverse Remodeling, Remission and Recovery

Remodeling: first use in medical literature  1982  
• Hochman and Bulkley, histopathology of experimental myocardial infarction in rat.  Later in 1982 

Erlebacher et al used the term to describe LV structural/geometric changes  in humans post MI. 

• 2000 Cardiac remodeling--concepts and clinical implications: a consensus paper from  International 
Forum on Cardiac Remodeling.

Reverse Remodeling: first use in medical literature Barry and Arlene Levine 1997
• Understood to occur as a result of removal of the triggering  injury/ insult that contributes to remodeling 

and/or institution of interventions that mitigate exacerbating factors, hemodynamic load, maladaptive 
neurohormonal activation etc that drive remodeling. Genome expression changes leading  resulting in 
molecular and cellular modifications that modify tissue and organs  

Remission and Recovery:  First descriptions related to device-based interventions (LVAD and 
CRT) changes manifested clinically as normalization or near normalization of the  size, shape 
and function of the heart following a period of clinical decompensation and objectively 
measured dysfunction  

Boulet J and Mehra MR. Structural Heart. 2021;5:466-481.                                                                        
Merlo M, Caiffa T, Gobbo M,  et al.   Int J Cardiol Heart Vasc.2018;18:52-57                                                                   
Cohn JN, Ferrari R and Sharpe N. J Am Coll Cardiol. 2000;35:569-82.  

Kawai K, Takaoka H, Hata K, et al. Am J Cardiol. 1999;84:671-6.



Remodeling 

A group of molecular, cellular 
and interstitial changes that 
manifest clinically as changes in 
size, mass, geometry and 
function of the heart after 
injury and function of the heart 
after injury/insult. 

Boulet J and Mehra MR. Structural Heart. 2021;5:466-481.
Merlo M, Caiffa T, Gobbo M,  et al.   Int J Cardiol Heart Vasc.2018;18:52-57
Cohn JN, Ferrari R and Sharpe N. J Am Coll Cardiol. 2000;35:569-82..
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Levine TB, Levine AB, Keteyian SJ, Narins B and Lesch M. Reverse remodeling in heart failure 
with intensification of vasodilator therapy. Clin Cardiol. 1997;20:697-702.



Prevalence, Predictors, and Prognosis of Reversal of Maladaptive Remodeling
With Intensive Medical Therapy in Idiopathic Dilated Cardiomyopathy
Keisuke Kawai, MD, Hideyuki Takaoka, MD, Katsuya Hata, MD, Yoshiyuki Yokota, MD,

and Mitsuhiro Yokoyama, MD

FIGURE 1. Outcome after 1 and 2 years of treatment of 88 patients with IDC.  78 patients completed 2 years of treatment. 
. 
At the time of the baseline evaluation, 7% of patients were treated with ACE I and none with b blockers. 

At  2 years  81% of patients were  on ACE inhibitors and 59% b blockers

11 patients had reverse  remodeling after 1 year, 9 had later reversal of remodeling
20 patients (26%) showed reverse remodeling after 2 years of treatment.

Am J Cardiol. 1999;84:671-6

Reverse Remodeling 



Reverse Remodeling

• Understood to occur as a result of LVRR is the result of removal of the triggering  injury/ insult)  and/or institution of 
interventions that mitigate and interfere with the process of LV remodeling. Genome expression resulting in 

molecular, cellular and interstitial changes occur in response



CRT and Reverse Remodeling



Most Pharmacologic Therapies with Beneficial Effect on Morbidity and 
Mortality Demonstrate Capacity for Reverse Remodeling
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Myocardial recovery after cardiac resynchronization therapy
in left bundle branch block‐associated idiopathic nonischemic

cardiomyopathy: A NEOLITH II substudy

• 105 subjects  (mean age 61 years, 44% 
male, mean initial LVEF 22.6% ± 6.6%, 
81% NYHA class III, and 98% CRT‐D),

• Myocardial recovery (post‐CRT LVEF 
≥50%) after CRT was observed in 56 
(54%) subjects. 

• Subjects with, when compared to <50%, 
had lower risk for adverse clinical events

Wang et al. Ann Noninvasive Electrocardiol. 2019;24:e12603.



Framework to Classify Reverse Cardiac  Remodeling With Mechanical Circulatory 
Support The Utah-Inova Stages  

All patients implanted with a continuous-flow LVAD from 2009 to
2017 and followed through 2018 at 3 study sites  

Shah P, Psotka M, Circ Heart Fail. 2021;14:e007991.



Framework to Classify Reverse Cardiac  Remodeling With Mechanical Circulatory Support The Utah-
Inova Stages 
Factors associated with LVAD & Reverse Remodeling



Cell Based Therapy and Reverse Remodeling



Genetic determinants of responsiveness to mesenchymal stem 
cell injections in non-ischemic dilated cardiomyopathy

Angela C. Rieger , Robert J. Myerburg  , Victoria Florea , Bryon A. Tompkins ,Makoto Natsumed, Courtney Premer , 
Aisha Khana , Ivonne H. Schulmana, Mayra Vidro-Casianoa, Darcy L. DiFedea, Alan W. Heldman, Raul Mitrani 

Joshua M. Hare

Rieger AC, Myerburg RJ, EBioMedicine. 2019;48:377-385.

POSEIDON-DCM  37 patients randomized to 
autologous vs allogenic  mesenchymal stem cell 
treatment
• (n = 34)  underwent genetic sequence analysis  
• The results were classified as positive for 

pathological variants (PV+; n = 8), negative for any 
variants (V−; n = 6), or as variants of uncertain 
significance (VUS; n = 20). 

• EF improved in males by 6.2 units (P = 0.04) and in 
females by 8.6 units (P = 0.04; males vs. females, P = 
0.57)

• MACE rates were lower in V− (0%) than PV+ (61.9%) 
or VUS (42.2%; p = 0.021 log-rank).

• 55% patients negative for pathogenic variants  
transitioning to Hfrec



How do we predict Recovery/Remission



Association Between Angiotensin Receptor–Neprilysin Inhibition, Cardiovascular 
Biomarkers, and Cardiac Remodeling in Heart Failure With Reduced Ejection Fraction
Sean P. Murphy , MB, BCh, BAO; Margaret F. Prescott, PhD; Alan S. Maisel, MD; Javed Butler, MD, MPH;
Ileana L. Piña , MD, MPH; G. Michael Felker , MD, MHS; Jonathan H. Ward, PharmD; Kristin M. Williamson, PharmD;
Alexander Camacho , PhD; Ritvik R. Kandanelly, MS; Scott D. Solomon , MD; James L. Januzzi , MD



Left Atrial Strain and Remodeling





What does Recovery Mean?



The Penn Heart Failure Study (PHFS)    
• Prospective cohort of 1821 chronic HF 

patients  from 3 tertiary HF clinics. 
Participants were divided into 3 
categories  by echo parameters

• HF-REF if EF was <50%,
• HF-PEF if EF was consistently ≥50%
• HF-Recovered if EF on enrollment in 

PHFS was ≥50% but prior EF was <50%. 



• Median levels of BNP  troponin I, and 
creatinine were greater in HF-REF and HF-PEF 
patients compared with HF-REC. 

• 30% of HF-REC    had a BNP  above the 95th 
percentile. Nearly half had evidence of 
oxidative stress  (uric acid) and detectable 
troponin I  levels  

• The hazard ratio for death, transplantation, or 
ventricular assist device placement in HF-REF   
was 4.1 and in HF-PEF   was 2.3   compared 
with HF-REC   

• The unadjusted HR for cardiac hospitalization  
was 2.0  for  HF-REF patients c/w HF-REC 
there was no difference  HF-PEF patients and 
HF-REC [1.3 ( 0.90–2.0; P=0.15)] 

4.1 (2.4–6.8; P<0.001)

2.3 (, 1.2–4.5; P=0.013)  

2.0 ( , 1.5–2.7; P<0.001   

1.3 (0.90–2.0; P=0.15) 



Remodeling



MODULATE
ANS neuro 
modulationNeurohormonal

RAASi ,BB,ARNi

REPURPOSE
Myocytes
Collagen matrix modulators
Mitochondrial optimizers
Calcium synthesizers
Matrix modifiers

REPAIR
Stem cell therapy
Bioengineered 
patches

REPROGRAM
Genetic/Post Translational Modulation

ASSIST
Ventricular assist devices
Percutaneous Assist devices

Reverse Remodeling/Remission

Thank you
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Factors Associated with Reverse Remodeling



Cell Based Therapy and Reverse Remodeling

Teerlink JR, Metra M, Eur J Heart Fail. 
2017;19:1520-1529.



Predictors of Recovery







Most Therapies with Beneficial Effect on Morbidity and Mortality 
Demonstrate Capacity for Reverse Remodeling













Remodeling, Reverse Remodeling, Remission and Recovery

• Remodeling: first use  in medical literature  1982 by Hochman and Bulkley, describing histopatholgy of 
experimental myocardial infarction in rat.  Later in 1982 Erlebacher et al used the term to describe LV 
structural/geometric changes ,by echo, in humans post MI. Cardiac remodeling--concepts and clinical 
implications: a consensus paper from an international forum on cardiac remodeling. Behalf of an 
International Forum on Cardiac Remodeling.

• Reverse Remodeling first use in medical literature 1999 Kawai et al.  Understood to occur as a result of 
LVRR is the result of removal of the triggering  injury/ insult)  and/or institution of interventions that 
mitigate and interfere with the process of LV remodeling. Genome expression resulting in molecular, 
cellular and interstitial changes occur in response

• Remission and Recovery 

• to interventions that mitigate the source of myocardial injury, or reduce

• or eliminate the neurohormonal and/or hemodynamic factors that contribute

• to the progression of the LV remodeling process.

• changes and manifested clinically as changes in size, shape and function of the heart resulting

• from cardiac load or injury, cardiac remodeling is influenced by hemodynamic load,

• neurohormonal activation and other factors still under investigationBoulet J and Mehra MR. Structural Heart. 2021;5:466-481.
Merlo M, Caiffa T, Gobbo M,  et al.   Int J Cardiol Heart Vasc.2018;18:52-57
Cohn JN, Ferrari R and Sharpe N. J Am Coll Cardiol. 2000;35:569-82.
Kawai K, Takaoka H, Hata K, et al. Am J Cardiol. 1999;84:671-6.
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12 months of treatment. A multivariate latent growth curve model assessed associations between simultaneous changes in
biomarkers and left ventricular ejection fraction and left atrial volume index.
RESULTS: Seven hundred fifteen out of 794 total study participants were included (mean age 65 years, 73% male). Mean
baseline left ventricular ejection fraction and left atrial volume index were 29% and 40 mL/m2, respectively. Adjusted
geometric mean baseline concentrations for biomarkers included NT-proBNP of 649 pg/mL, hs-cTnT of 15.9 ng/L, and
sST2 of 24.7 ng/mL. Following initiation of S/V, circulating concentrations of NT-proBNP, hs-cTnT, and sST2 significantly
decreased within 30 days and remained significantly different than baseline at all subsequent timepoints. From baseline to
month 12, decreases in adjusted biomarker concentrations averaged −27.9% (95% CI, −35.1% to −20.7%; P<0.001) for
NT-proBNP; −6.7% (95% CI, −8.8% to −4.7%; P<0.001) for hs-cTnT; and −1.6% (95% CI, −2.9% to −0.4%; P<0.001) for
sST2. NT-proBNP concentrations were predictive of later changes in hs-cTnT. The magnitude of reductions in NT-proBNP
and hs-cTnT concentrations associated with improvements in left ventricular ejection fraction and left atrial volume index.
There was no association between changes in sST2 and changes in other measures.



























Multivariable-adjusted left ventricular ejection
fraction (LVEF) and left atrial volume index (LAVi) from
baseline to month 12.
Initiation of sacubitril/valsartan was associated with 
improvements in
LVEF and LAVi; LVEF increased by 8.9 percentage points (95% 
CI,
8.7–9.2 points), while LAVi decreased by 22.0% (95% CI, −21.0%
to −23.0%; P<0.001).









Counter-Regulatory Neurohormonal Systems are also 

activated in Chronic HF



Comparative Risk Reduction of Approved 
Therapies






