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ABSTRACT

Reverse remodeling, the overarching concept behind myocardial recovery, describes the
process in which the maladaptive cardiac structural and functional alterations are reversed
by removing the underlying etiology or by therapy. This review addresses different imaging
modalities and biomarkers as possible predictors for reverse remodeling in patients with
chronic heart failure. Although echocardiography remains the imaging modality of choice
in daily practice, the presence and amount of fibrosis on cardiac magnetic resonance is
a better predictor and inversely correlated with the likelihood for reverse remodeling. A
decrease in NT-proBNP levels and serum soluble ST3 during follow-up is associated with
better clinical and structural outcomes. The role of troponins and galectine-3 is less clear.
There is a promising role for microRNAs in the future, although more research is necessary.
Accurate predictors of reverse remodeling could help identify patients with an increased
likelihood for reverse remodeling and, in turn, improve patient-tailored medicine.
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INTRODUCTION

Heart failure is characterized as a heterogenous syndrome
with different clinical presentations, different underlying
etiologies, and different treatment options. Over time, the
disease can either remain stable, deteriorate into end-stage
heart failure, orimprove with even complete recovery.' Novel
guideline-directed medical therapies have demonstrated
improved morbidity and survival in patients with heart
failure but could also improve underlying structural and
functional abnormalities. Myocardial recovery is the result
of reverse remodeling due to removal of the underlying
etiological trigger or therapeutic interventions (drugs, cardiac
resynchronization therapy, or left ventricular assist devices).
On a macroscopic level, there is (partial) normalization of
the cardiac function and morphological structure. Both
structural and functional recovery result in improved clinical
outcomes with a reduction in morbidity and mortality. These
patients probably have different phenotypes than patients
with heart failure with reduced ejection fraction without
myocardial recovery despite initiated therapies. In order
to improve personalized medicine, it would be beneficial if
the occurrence of myocardial recovery could be predicted
and these patients could be identified. Nonischemic
cardiomyopathies, shorter disease course, female gender,
and nonfamilial cardiomyopathies are known to have a
higher likelihood for cardiacremodeling.?* In addition to these
clinical parameters, biomarkers and imaging modalities,
and especially the evolution over time, could help to identify
patients prone to experience cardiac recovery. Myocardial
recovery implies the complete normalization of both cardiac
structure and function without clinical heart failure events.
In contrast, the term “reverse remodeling” is more broadly
used to describe any degree of structural recovery, including
myocardial recovery. Reverse remodeling is the result of
regression of underlying molecular, cellular, and tissue
adaptations, which leads to normative changes in cardiac
function, dimensions, and geometry of a previously failing
heart. However, it does not imply complete normalization,
and heart failure symptoms may still occur. Reverse
remodeling is assessed by different imaging modalities, but
there is a large heterogeneity in the definition. Overall, there
is a general agreement that reverse remodeling may be
defined as more than 10% improvement in left ventricular
ejection fraction (LVEF) or its normalization (LVEF > 50%) in
combination with an index LV diameter reduction of more
than 10% or its normalization (< 33 mm/m?). It is important
to recognize that patients with reverse remodeling might
still have abnormal cardiac features. In contrast, myocardial
recovery represents a successful and complete recovery of
the heart with freedom from future heart failure events.
This can only be achieved if the heart did not yet suffer

from irreversible damage.*® This review discusses the role
of different biomarkers and imaging modalities in predicting
reverse remodeling and myocardial recovery in patients with
heart failure (Table 1). Both terms are used throughout the
review since most studies use the term “reverse remodeling”
rather than “myocardial recovery” as an end point.

IMAGING MODALITIES

ECHOCARDIOGRAPHY

In daily clinical practice, echocardiography remains the
imaging modality of choice to assess cardiac function
and structure due to its low cost, safety, broad availability,
and short time consumption. Some basic standard
echocardiographic parameters are associated with reverse
remodeling, such as mild mitral regurgitation, higher
tricuspid annular plane systolic excursion, and smaller left
atrial volume. An increase in LVEF, LV end systolic volume,
or LV end diastolic volume are more easily achieved during
follow-up in a more dysfunctional ventricle as this is
expressed as a relative change. However, these changes
are less likely to lead to an improvement in ejection fraction
above 40%, and patients with a more dilated ventricle
still have a higher risk for adverse events. Therefore,
deformation characteristics of the myocardium evaluated
through speckle tracking and global longitudinal strain
(GLS) is a more sensitive method to assess contractility
and systolic function of the LV as it is less dependent on
ventricular volumes.”’

GLS is already widely used as a follow-up imaging
modality in cardio-oncology and might drive therapeutic
decisions because a decline in GLS is accepted as an early
predictor of chemotherapy induced cardiotoxicity.® In a
study of 160 dilated cardiomyopathy patients, LV GLS was
the sole predictor for reverse remodeling.” In addition, in
patients with recovered LVEF, a decreased GLS (< 16%)
was a predictor for a decrease in LVEF during follow-up
(sensitivity 88%, specificity 46%), while patients with a GLS
> 16% were more likely to have a stable LVEF (sensitivity
47%, specificity 83%)."°

Left atrial GLS might also help predict myocardial
recovery. The left atrium has an elastic reservoir function
for the pulmonary venous inflow during LV systole; it is a
passive conduit during LV diastole and has an active filling
function during the late ventricular diastole. In addition, LV
filling pressures are transmitted backwards, so increased
LV filling pressures may lead to left atrial enlargement.'!
Improvements in LV function may consequently result
in left atrial reverse remodeling.'” A left atrial GLS above
10.8% was highly sensitive and predictive for reverse
remodeling (sensitivity 96%, specificity 82%)."> Therefore,



Meekers and Dupont Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1381

Lb

MARKER (PATHO)PHYSIOLOGY

PREDICTOR

Imaging modalities

Echocardiography

LV GLS Deformation characteristics of the

myocardium; limit dependence on LV volumes

GLS £ 16%: increased risk for decrease in LVEF during follow-up

LAGLS Increased LV filling pressures are transmitted
backwards and will lead to LA enlargement,

dysfunction

LA GLS > 10.8%; increased incidence of RR

Myocardial work
quantification

Incorporation of strain with left ventricular
pressure; less loading dependent

Good correlation with fibrosis on CMR.
More research necessary

Cardiac magnetic resonance

LGE Marker to assess the degree of myocardial Low LGE (cut-off < 7-8% of LV mass) and higher degree of myocardial
fibrosis edema; higher incidence of RR
No role in follow-up
Contractile Change in LVEF after dobutamine Larger change; higher incidence of RR
reserve administration No correlation with degree of fibrosis
Biomarkers
NT-proBNP Marker of myocardial stress and stretch * No correlation between baseline levels and incidence of RR
* Serial change; positively correlated with LVEDV, LVESV and negatively
with LVEF
Troponins Marker of myocyte injury and necrosis ° Baseline: <11 ng/L of highly sensitivity troponin T; higher incidence RR
* Serial follow-up; decrease associated with lower incidence
of cardiovascular events, but not associated with change in
echocardiographic parameters
Soluble ST2 Marker of fibrosis and hypertrophy * Levels > 48 ng/mL; low likelihood of RR
* Serial follow-up: more time with sST2 levels < 35 ng/mL; higher
likelihood of RR
Galectin-3 Marker of macrophage activity, part of fibrosis ~ Levels < 20 ng/mL during follow-up; higher incidence of RR
process No independent predictive value
Big Marker of vasoconstriction, hypertrophy and Lower levels; higher likelihood of RR
endothelin-1 fibrosis resulting in adverse remodeling

Table 1 Overview of imaging modalities and biomarkers to predict

reverse remodeling. CMR: cardiac magnetic resonance; GLS: global

longitudinal strain; LA: left atrial; LGE: late gadolinium enhancement; LV: left ventricular; LVEDV: left ventricular end diastolic volume; LVEF:
left ventricular ejection fraction; LVESV: left ventricular end systolic volume; NT-proBNP: N-terminal pro-B-type natriuretic peptide; ST2:

suppression of tumorigenicity 2; RR: reverse remodeling

both absolute values and changes in GLS might be useful in
the early prediction of myocardial recovery and play a role
in monitoring heart failure patients.

Similar to LVEF, GLS measurements are to some extent
loading dependent.' Myocardial work quantification has
been developed as a noninvasive tool to assess myocardial
function. By incorporating strain with LV pressure, this
method overcomes the limitations associated with LVEF
and GLS measurements.>!® The indices calculated with
myocardial work quantification correlate better than GLS
and LVEF with fibrosis on cardiac magnetic resonance
(CMR).*” Since this is a relatively novel technique, additional
research is necessary to evaluate its role as a monitoring
tool for reverse remodeling.*®

Cardiac resynchronization therapy (CRT) has proven

to be beneficial in patients with heart failure with a
reduced ejection fraction and a left bundle branch block.
Because restoration of mechanical synchronicity is the
main goal, several echocardiographic parameters of
dyssynchrony prior to implantation have been postulated
as predictors for CRT response. The Predictors of Response
to CRT (PROSPECT) study evaluated several baseline
echocardiographic parameters to determine whether they
could predict the clinical and echocardiographic response
to CRT. However, the study demonstrated that no single
echocardiographic parameter (beyond baseline LVEF in
current guidelines) should be used to improve patient
selection.?#?®
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CARDIAC MAGNETIC RESONANCE

Despite its limited availability, duration, and possible
contraindications, CMR has a lower intra-observer variation,
better contrast resolution, and is not limited by a poor
acoustic window. Late gadolinium enhancement (LGE)
is a marker to assess the degree of myocardial fibrosis
(Figure 1). The absence of LGE is a strong predictor for
myocardial recovery and improved clinical outcomes
(sensitivity 55.6%, specificity 92.3%).”?* The degree of LGE
is inversely related to the likelihood for reverse remodeling,
irrespective of underlying LVEF and LV end diastolic
volume (LVEDV).”>?¢ A cut-off of 7% to 8% (expressed
as percentage of LV mass) has been proposed to predict
reverse remodeling (sensitivity 97%, specificity 61%).71%
Another cohort confirmed that patients with a low extent
of LGE had a higher incidence of reverse remodeling. In
addition, they demonstrated that this, in combination with
a higher myocardial edema ratio, was a stronger predictor
for reverse remodeling than endomyocardial biopsy,
biomarkers, and conventional echocardiography.?® There is
no direct indication for serial follow-up of CMR images and
LGE measurements since a change in the presence of LGE
is not expected.”

A cohort study demonstrated that a poor contractile
reserve (change in LVEF assessed with CMR after dobutamine
administration) could identify patients with dilated
cardiomyopathy at a low likelihood of reverse remodeling
after 12 months. In addition, alarge contractile reserve with

dobutamine was a predictor for a greater improvement in
LVEF (1% increase associated with 0.4% increase in LVEF
at 12 months). The amount of myocardial fibrosis did not
correlate with the degree of contractile reserve. Due to
the accuracy and reproducibility, the authors highlight the
importance of using CMR for the assessment of contractile
reserve. *

To conclude, GLS measurements provide better
prognostication than standard LV end diastolic diameter
(LVEDD) and LVEF in echocardiography. Myocardial work
quantification is a promising novel technique, although
more research is necessary prior to implementation as a
standard screening tool. The absence of LGE on CMR is a
strong predictor for myocardial recovery, especially in the
presence of myocardial edema. An overview of the most
relevant articles are depicted in Table 2.

BIOMARKERS

Biomarkers have the advantage over imaging modalities
to demonstrate changes in myocardial function prior to
structural and functional alterations. Biomarkers defining
different biological processes are useful to identify
the different underlying pathological change, such as
myocardial stress and stretch (natriuretic peptides),
myocyte injury (troponins), fibrosis (soluble ST2), and
inflammation (galectin 3) (Figure 2).17:33:3%

Figure 1 Late gadolinium enhancement on cardiac magnetic resonance. Late gadolinium enhancement (LGE) cardiac magnetic resonance
image obtained in a patient with ischemic cardiomyopathy. Severe reduced left ventricular ejection fraction (LVEF 17%) with approximately
40% LGE in the left ventricle. Despite optimal medical therapy, no myocardial recovery was expected. Four years later, due to recurrent
sustained ventricular tachycardia, the patient was referred for left ventricular assist device.
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AUTHOR, YEAR STUDY POPULATION  DEFINITION RR OUTCOME/FINDING
Echocardiography
Ikeda et al. 2015 N =207, DCMP * Increase LVEF > 10% or LVEF >35%  LVEDDi decrease during the first 6

* Decrease in LVEDDi of > 10%

months was predictive for RR later on

Adamo et al. 2017°"

N =96, LVEF < 50%

* Increase LVEF > 10% or LVEF > 50%

Abnormal LV GLS (£ 16%): predictor
for LVEF decrease.
Normal LV GLS (> 16%): stable LVEF

Swat et al. 2018* N =166, DCMP * LVEF>40% and > 10% Baseline LV GLS > 8% in patients with
improvement LVESD > 43.5 mm associated with RR
Jung et al. 2020° N =160, DCMP * Increase LVEF > 10% or LVEF > 50%  Baseline LV GLS (cut-off 10%)

* Decrease in LVEDDi of > 10% or

LVEDDi € 33 mm/m?

independent predictor RR in sinus
rhythm

Torii et al. 2021

N =100, new onset
HF

* LVEF 240%

LA strain (cut-off 10.8%) independent
predictor for RR

CMR
Kubanek et al. 2013%¢ N = 44, DCMP * Increase LVEF > 10% or LVEF >35%  Baseline lower extent of LGE and
* Decrease in LVEDD of > 10% greater myocardial edema ratio are
independent predictors of RR
Masci et al. 2013% N =58, DCMP * Increase LVEF > 10% LGE absence at baseline strong
* Decrease in LVEDV of > 10% predictor for RR at 2 years follow-up
Kida et al. 2013% N =31, DCMP ¢ Increase LVEF > 10% and relative LGE absence at baseline strong
LVEDD reduction > 10% or final predictor for RR at 6 months follow-up
LVEDD < 33 mm/m?
Ishii et al. 20167’ N =66, DCMP * Absolute LVEF increase > 10% LGE mass < 8% predicts RR
(above > 35%) and relative percent
LVEDD reduction = 10%
Chimura et al. 2017 N =129, DCMP ¢ Increase LVEF > 10% and relative LGE absence and GLS predict
LVEDV reduction > 10% independently RR
Barison et al. 2018%* N =71, DCMP * Increase LVEF > 10% and relative LGE absence predicts RR

LVEDV reduction > 10%

Table 2 Highlight of research articles supporting different imaging modalities for the prediction of reverse remodeling. DCMP: dilated
cardiomyopathy; LA: left atrial; LGE: late gadolinium enhancement; LVEDD: left ventricular end diastolic dimension; LVEDD:: left ventricular
end diastolic dimension index; LVEF: left ventricular ejection fraction; RR: reverse remodeling; GLS: global longitudinal strain; LVESD: left

ventricular end-systolic diameter

NATRIURETIC PEPTIDES

Natriuretic peptides are commonly used biomarkers
in patients with heart failure and are produced in the
presence of myocardial wall stretch and stress due to
volume or pressure overload. B-type natriuretic peptide
(BNP) and N-terminal pro-B-type natriuretic peptide (NT-
proBNP) are the cleavage products of pro B-type natriuretic
peptide. As NT-proBNP relies on renal excretion, their
circulating levels are higher than BNP, which is also cleared
by peripheral receptors and enzymatic breakdown. The role
of natriuretic peptide in monitoring myocardial recovery is
solely examined for NT-proBNP.

The PROTECT (ProBNP Outpatient Tailored Chronic Heart
Failure) study was done to evaluate the use of NT-proBNP
as a treatment goal in chronic heart failure management.
A sub-study of 116 patients with echocardiographic follow-

up evaluated the interplay between NT-proBNP and LV
remodeling. They demonstrated that the change in NT-
proBNP over 10 months was positively correlated with the
change in LVEDV and LVESV and negatively correlated with
the change in LVEF. In addition, there was a reduction in
mitral regurgitation and improvement in diastolic function
and right ventricular function.*> This was confirmed by
the GUIDE-IT (Guiding Evidence Based Therapy Using
Biomarker Intensified Treatment in Heart Failure) echo sub-
study, highlighting that a reduction in NT-proBNP levels
over time might function as a predictor for improvement
in LV function and volumes." However, no correlation
was found between the initial NT-proBNP value and
change in myocardial recovery.” In the Prospective Study
of Biomarkers, Symptom Improvement, and Ventricular
Remodeling During Sacubitril/Valsartan  Therapy for
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Wall stress/stretch
Natriuretic peptides (NT-proBNP, BNP)

Myocyte injury and necrosis

Highly sensitive troponin

Fibrosis and inflammation
Soluble ST2, Galectin-3

Genomic analysis
MicroRNA

Figure 2 Different biomarkers according to their pathophysiological action.

Heart Failure (PROVE-HF) study, a reduction in NT-proBNP
values was seen 2 weeks after therapy initiation while
echocardiographic improvements were observable after 6
months, supporting the hypothesis that serial NT-proBNP
follow-up can function as a predictor and monitoring
tool for myocardial recovery. These echocardiographic
improvements correlated with a better clinical outcome
with regard to heart failure hospitalizations and mortality.*
In contrast to NT-proBNP, the role of BNP is less clear,
especially with the current treatment modalities and use
of sacubitril/valsartan since BNP is a substrate of neprilysin.

TROPONIN

Cardiac troponins are a marker of myocyte injury and
necrosis and typically used in the setting of coronary
artery disease. Cardiac troponin can be measured through
a conventional or highly sensitive assay. If measured
through the latter assay, cardiac troponins are almost
always elevated in patients with heart failure.**

Elevated levels are associated with adverse remodeling
and poor prognosis.** A low initial value (< 11 ng/L) of highly
sensitive troponin T is correlated with a higher incidence of
myocardial recovery compared to patients with an initial
higher level of troponin T.7*’

The evidence with regard to cardiac troponin change
as a predictor for cardiac remodeling is more ambiguous.

A small study in 60 patients with dilated cardiomyopathy
demonstrated that a decrease in troponin T during follow-
up was associated with improved echocardiographic
parameters and reduced cardiovascular events.*® However,
the change in troponin T did not correlate with the change
in LV dimension or function. A subanalysis of the PROTECT
study found the same observation for change in cardiac
troponin 1.*° In patients after a myocardial infarction,
higher peak levels of cardiac troponins were associated
with a larger infarct size, larger reduction in LVEF, and
worse clinical outcomes.““!

SOLUBLE SUPPRESSION OF TUMORIGENICITY 2

Suppression of tumorigenicity 2 (ST2) is a transmembrane
receptor in cardiomyocytes, fibroblasts, and endothelial
cells and a member of the interleukin-1 receptor family.
It consists of two isoforms, a transmembrane (ST2L) and
soluble (sST2) isoform. The latter is expressed in cases of
pressure overload, taking part in the generation of fibrosis.
The binding of interleukin-33 (IL-33) with ST2L blocks
the hypertrophic pathway in the cardiomyocyte, thereby
taking part in the cardioprotective signaling system of the
heart (Figure 3). However, in response to pressure overload,
sST2 is produced and functions as a decoy receptor
by binding IL-33. The cardioprotective mechanisms
preventing fibrosis are partially mitigated, rendering sST2
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Figure 3 sST2 and galectin-3 as markers of fibrosis. As a response to cardiac damage, macrophage activation results in the production
of galectin-3, which leads to fibroblast activation and the release of IL-33. Normally, IL-33 binds to ST2L, by which it initiates an
antihypertrophic an antifibrotic pathway. sST2 works as a decoy receptor, preventing the binding of IL-33 to ST2L. IL-33: interleukin-33;
sST2: soluble suppression of tumorigenicity 2; ST2L: suppression of tumorigenicity 2 ligand

a marker of fibrosis and hypertrophy.“*> Therefore, higher
levels are associated with a reduction in ejection fraction,
worse right ventricular function, and increased LVEDD and
LVEDV.“e47

In addition, patients with higher levels had a worse
prognosis, with an even higher predictive power when
combined with NT-proBNP levels.***? A multivariate analysis
on 304 outpatients with heart failure with reduced ejection
fraction pointed out that sST2 was the only independent
marker correlating with reverse remodeling. Over a follow-
up of 1 year, more time spend with sST2 levels below 35
ng/mL was associated with a higher likelihood of reverse
remodeling.’” Based on this observation, the ST2-R2 score
has been proposed, in which soluble ST2 in combination
with other clinical parameters predict reverse remodeling.
An sST2 level above 48 ng/mL is associated with a reduced
likelihood of reverse remodeling due to the excess of
myocardial fibrosis.*

GALECTIN-3

Galectin-3 is secreted by cardiac macrophages during
phagocytosis. It stimulates fibroblast proliferation and
alters collagen deposition, by which it takes part in the
fibrosis process (Figure 3). Increased levels are associated
with adverse outcomes in patients with heart failure. In
contrast to sST2, galectin-3 does not provide additional

predictive information when combined with NT-proBNP
values.”” Data for galectin-3 as a predictor for reverse
remodeling are conflicting. A substudy of the PROTECT trial
demonstrated that lower levels during serial follow-up are
associated with an increase in LVEF during follow-up.”!
Another study demonstrated that a low baseline value was
associated with a decrease in LVEDV.” Serial measurements
could also be useful as a predictor since the time spent
with galectine-3 concentration below 20 ng/mL was an
independent predictor for fewer cardiovascular events and
better improvement in LVEF.>> However, the relationship
between galectin-3 and echocardiographic indices could not
be confirmed in other trials.”*>> The marker is not included in
the ST2-R2 score as it has no independent predictive value.*®

BIG ENDOTHELIN-1

Big endothelin-1 (ET-1) is a precursor of ET-1, which
activates cardiomyocytes and fibroblasts by binding on
the ET receptor. This leads to several processes, such
as vasoconstriction, hypertrophy, and fibrosis resulting
in adverse remodeling. Big ET-1 is released in response
to neurohormonal activation and cytokine release.
Lower levels of big ET-1 are associated with less-severe
neurohormonal stimulation and lower pressure overload
and therefore have a higher likelihood of reverse remodeling
and lower incidence of adverse events.>®
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AUTHOR, YEAR  STUDY POPULATION (N) END POINT OUTCOME/FINDING
NT-proBNP
Weiner et al. HFrEF (LVEF < 40%) Improvement in LVEF, LVEDVi, NT-proBNP measurement associated with RR
2013* (N=116) LVESVi
Gaggin et al. HFrEF Clinical outcome Baseline NT-proBNP predicts clinical outcome
2014°7 (N=151)
Cho et al. DCM and AHF LVEF > 50% Decrease in NT-proBNP between initial presentation and
2018% discharge (> 1633.5 pg/mL), predictor for RR at 6 months
Daubert et al. HFrEF (LVEF < 40%) Improvements in LVESVi, LVEDVi, EF, NT-proBNP < 1,000 pg/mL associated with RR
2019 (N=268)
Januzzi et al. HFrEF (LVEF < 40%) with Improvement in LVEF, LVEDVi, A decrease in NT-proBNP over time is associated with RR
2019 elevated natriuretic peptides  LVESVi
(N=654)
Troponin
Sato et al. DCM Improvement in LVEF, LVDd TnT levels during follow-up < 0.02 ng/mL are associated
2001 (N=60) with RR
Chia et al. STEMI Functional and clinical outcome TnI at 72 hours > 55 ng/mL was associated with a large
2008 (N=378) infarct size and low LVEF
Miller et al. CHF Clinical outcome Elevated cTnT (> 0.01 ng/mL) are associated with
2009% (N=172) increased risk of events
O’Connor et al. AHF Clinical outcome Positive cTnT (> 0.03 ng/mL) are associated with a worse
2011 (N=288) outcome
Felker et al. ADHF Clinical outcome cTnl above 99% percentile predicts in-hospital outcome
2012 (N=2808)
Gaggin et al. HFrEF Clinical outcome Baseline Hs-TnT predicts outcome
2014°7 (N=151)
Felker et al. AHF Clinical outcome Hs-cTnT are associated with worse outcome
2015% (N=1074)
Brooks et al. LVEF £ 35% post-myocardial  Improvement in LVEF Peak troponin levels are associated with RR
2016 infarction
(N=231)
Soluble ST2
Weinberg et al. LVEF <30% Clinical outcome Change in sST2 was associated with clinical outcome
2003* (N=161)
Daniels et al. Heart failure history, 1 year mortality sST2 (> 28.25 ng/mL) independent predictor for 1 year
20104 symptoms or risk factors mortality
(N=1588)
Bayes-Genis et CHF Clinical outcome sST2 associated with mortality
al. 2012 (N=2891)
Gaggin et al. HFrEF Improvement in LVEF, LVESVi, Serial sST2 predicts RR
2014°7 (N=151) LVEDVi
Ky etal.2011*  HFrEF Clinical outcome sST2 (> 36.3 ng/mL) associated with adverse outcome
(N=1141)
Lupon et al. LVEF < 40% LVEF increase with > 15% sST2 levels < 48 ng/mL was associated with RR
2015% (N =304) LVEF increase with 10% + reduction
of LVESDi > 20% or LVESVi 2 40%
Galectin-3
Tang et al. HFrEF (LVEF < 35%) Functional and clinical outcome No relation between baseline levels galectin-3 and
2011 (N=178) echocardiographic indices; high levels associated with
poor clinical outcome
Motiwala et al. HFrEF Functional and clinical outcome Serial follow-up with galectin-3 < 20 ng/L: associated
2013t (N=151) with lower event rate and increase in LVEF
Lok et al. 2013°  HFrEF Functional and clinical outcome Galectin-3 levels are associated with change in LVEDV
(N =240) and predictor of mortality
Weir et al. HFrEF LV remodeling No correlation between galectin-3 and RR
2013 (N=100)

Table 3 Highlights of research articles supporting different biomarkers for the prediction of reverse remodeling. CHF: chronic heart failure;
HFrEF: heart failure with reduced ejection fraction, LV: left ventricle; LVEF: left ventricular ejection fraction, LVEDVi: left ventricular end-
diastolic volume index, LVESVi: left ventricular end-systolic volume index; RR: reverse remodeling
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EXTRACELLULAR MATRIX PROTEINS

Alterations in extracellular matrix composition and
fibroblast proliferation and activation and a dysregulated
collagen homeostasis lead to reduced myocardial
compliance, ventricular remodeling, and fibrosis.”” Some
of the key enzymes/inhibitors of this are now recognized,
such as matrix metalloproteinase 9, tissue inhibitors of
metalloproteinase 1, bone morphogenetic protein 1, and
procollagen. However, further investigation is necessary
to elucidate their use in monitoring and predicting cardiac
remodeling.**

MicroRNAs

MicroRNAs are small, non-coding RNAs taking part in the
regulation of gene expression by binding to complementary
messenger RNA. In heart failure, different microRNAs are
expressed, and some are thought to be cardiac specific
that are released in response to myocardial injury or
wall stress.”® Specific microRNAs have been identified
that could predict reverse remodeling and myocardial
recovery with LVAD, CRT, or neurohormonal therapy.”
While the field of genomic analysis remains promising,
it is relatively novel and needs further investigations to
evaluate its exact role as prognostic biomarkers. These
biomarkers might have the potential to identify patients
early in their disease course and will boost patient-tailored
therapy.

Overall, NT-proBNP and troponins are the most
commonly known and used biomarkers to date (Table 3).
Serial follow-up of NT-proBNP can be used to monitor
patients, since a decrease is associated with improved
LVEF over time. In addition, patients with an initial low
troponin level (< 11 ng/L) have higher chances for reverse
remodeling. Fibrosis is associated with irreversible damage.
Markers of fibroblast activation are sST2 and galectin-3,
of which a low sST2 level (< 35 ng/mL) is an independent
predictor of reverse remodeling. MicroRNAs are promising
as they might improve the ability to identify patients
benefiting from a specific therapy, although more research
is needed.

CONCLUSION

Myocardial recovery and the broader concept of reverse
remodeling describe the regression of maladaptive
functional and structural cardiac changes in the
presence of heart failure. Early identification through
biomarkers and imaging modalities could help to identify
patients with a higher likelihood for reverse remodeling,
improving personalized medicine and consequently
better prognosis.

KEY POINTS

* Myocardial recovery, and the broader concept of reverse
remodeling, describe the regression of cardiac structural
and function changes due to neurohormonal activation,
pressure, and volume overload in patients with heart failure.

* As relative improvements in left ventricular ejection
fraction (LVEF) and left ventricular dimensions are
more easily obtainable in a more dysfunctional heart,
the assessment of global longitudinal strain (GLS)
is more reliable to predict structural changes over
time. By incorporating the afterload, myocardial work
quantification was even better in predicting fibrosis
on cardiac magnetic resonance imaging than GLS or
LVEF alone. However, more research with regard to
myocardial work quantification is necessary.

* Adecrease in NT-proBNP and troponin levels over
time are associated with structural and function
improvements with a better clinical outcome.

* Serum soluble ST3, a decoy receptor for IL-33, is a marker
of fibrosis and hypertrophy. In a multivariate analysis,
this was the sole predictor for myocardial fibrosis, which
led to the development of the ST2-R2 score.

 Cardio-specific microRNAs are identified that could
help phenotyping heart failure patients with a higher
likelihood for reverse remodeling. However, more
research is necessary.
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