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marked reverse remodeling despite suboptimal medical treatment. A 72-year-old woman
presented with epigastric pain and NYHA class III exertional dyspnea. Electrocardiography
showed sinus rhythm with complete left bundle branch block. Echocardiography revealed a
dilated left ventricle, regional wall-motion abnormalities, and reduced ejection fraction of 36%.
Coronary angiography demonstrated a severe distal left anterior descending artery lesion, while
viability assessment showed no viability in the corresponding territory. Because of
hyperkalemia and impaired renal function, medical treatment was limited, and the patient was
discharged on calcium-channel blocker and single antiplatelet therapy. One year later, she was
asymptomatic, and echocardiography demonstrated normalized ventricular dimensions without
dyskinetic abnormalities and recovery of ejection fraction to 62%. This unexpected
improvement highlights the complex and incompletely understood mechanisms underlying
reverse cardiac remodeling.
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INTRODUCTION

Heart failure (HF) is the incapacity of the heart to provide an
adequate blood flow or pressure to the body or a combination
of both. HF remains the leading cause of death in the world
despite the numerous advances in its treatment as the number
of patients suffering from advanced HF is far more important
than the number of available hearts for transplantation. (1)
The complex and feared consequence of HF is the “’cardiac
remodeling “’, it is defined as maladaptive and progressive
changes on the molecular, cellular, tissue and whole human
body levels. (2) (3)

In order to suppress it or ideally ‘’ reverse remodeling “’, it is
necessary to target the signaling pathways that are involved
in their generation. (4)

This clinical case describes a spectacular reverse remodeling
of the heart without an optimal medical treatment.

CASE PRESENTATION
A 72-year-old woman presented to our Cardiology
department epigastric pain and exertional dyspnea IIl NYHA

for the last 10 days. She has multiple Cardiac risk factors such
as age, menopause, hypertension and dyslipidemia. Her EKG
found a sinus rhythm with a heart rate at 70 beats per minute,
a complete left bundle branch block with secondary
repolarization disorders (without Sgarbossa criteria: total
score: 0).

Her blood count exam was normal; we found a hyperkaliemia
and an altered renal function (glomerular filtration rate at 49
ml/min/m3). We had trouble treating her hyperkalemia and
ended up treating it few days later with the help of our
colleagues from the nephrology department.

The patient underwent first a trans-thoracic echocardiography
(TTE), that showed a dilated left ventricle with a diastolic
diameter at 60 mm, a systolic diameter at 50 mm, associated
with segmental wall abnormalities specially akinesia of apex
and adjacent segments and hypokinesia of the remaining
myocardial segments in the context of a reduced ejection
fraction (EF) at 36 %. (Figure 1)
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Figure 1 : TTE showing a reduced LV EF at 36%.

The next step after treating her hyperkaliemia and prepping lesion of the left anterior descending artery (LAD) at its distal
her was to do a coronary angiogram that concluded to a severe portion. (Figure 2)
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Figure 2 : A coronary angiography showing a severe lesion of the distal LAD.
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As we had akinetic territories in the TTE, we completed with
a cardiac viability ultrasound that didn’t find viability on the
LAD territory.

We put the patient under medical treatment as we were
limited with hyperkalemia: the patient left our department
under calcium Channel blockers (CCB) and a single anti
platelet therapy.
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We lost contact with the patient before receiving her in our
cardiology consult one year later.

She had no cardio-vascular symptoms, her clinical
examination was normal.

We did a TTE that showed a non-dilated L'V with a diastolic
diameter at 40 mm, a systolic diameter at 29 mm without any
dyskinetic disorders and a preserved EF (62 %). (Figure 3)
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Figure 3: TTE after non;ptimal medical treatment showing a preserved EF of 62%.

DISCUSSION

LV remodeling became popular in the mid 1980, when the
landmark study documented a progressive LV dilatation and
reduced function after a coronary occlusion.(5)

At first the term was used to define the anatomical changes,
then it was used to define any alteration due to HF or any
other cardiac disease that involves LV hypertrophy, LV
dilatation or both. The cellular remodeling is caused by
molecular modifications that result in fetal gene expression
and compromise the excitation-contraction coupling,

myofilament function, cell-survival signaling, bioenergetics
and the cellular metabolic state. (2)

Besides the cardiomyocytes remodeling, remodeling of the
extracellular matrix (ECM) is important in the deforming of
the cardiac chamber and the alteration of fibrous and vascular
elements of the myocardium. Chamber dilatation is usually
associated to a more spherical shape of the ventricle reducing
the efficiency of ejection as the cardiomyocytes need to
shorten in order to achieve the same ejected net volume.
Cardiac hypertrophy was traditionally considered as an
adaptive mechanism but this idea is now increasingly queried
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.the idea that if the stimulus for hypertrophy is pathologic, the
remodeling response is pathological and its suppression is
beneficial. It has been supported by clinical and experimental
data.(6)

Animal studies involving the subject proved that pathological
stress induces different molecular changes than a matched
duration of physical exercise. Therefore the response to
pathological stress is never truly adaptative. (7)

This notion was supported by trials in humans where it was
proven that the antihypertensive agents responsible of
reducing the LV mass, lower the mortality.(8)

There is a growing sentiment and accumulating evidence that
many of the maladaptive responses caused by HF can and
should be targeted. (9)
“’Reverse remodeling
cardiac myoplasty.(10)
In this study the latissimus dorsi muscle (back muscle) was
used to envelop the heart and paced synchronously with the
ventricular systole in order to evaluate the systolic function.
Pressure and volume data at various times after surgery
showed that the heart had shrunk towards the normal size. As
a result the term * reverse remodeling’’ became associated
with any alteration in HF that was chronically reversed by
therapy.(11) (12)

In addition to hemodynamic stress, sustained angiotensin

k)

was first presented in study about

releases due to an activation of the renin-angiotensin-
aldosterone system can worsen cardiac fibrosis, cellular
necrosis and cause cardiomyocyte hypertrophy.(13)

Many therapies can participate in the mechanism of “’reverse
remodeling.

The first treatment shown to reverse cardiac remodeling by
targeting this pathway were angiotensin-converting enzyme
(ACE). (14)

Same effects were observed with angiotensin-receptor -
blockers (ARBs) with two subtypes (AT1R and AT2R ) with
a controversial role of AT2R in the myocardium and the
benefit of using dual angiotensin-receptor -blockers remains
unclear. (15) (16) (17) (18) (19) (20)

Both ACE and ARBs increase NO production and reduce LV
mass. (21) (22)

In failing human hearts, the aldosterone receptor is
upregulated. (23)

So its blockade by using aldosterone antagonist (like
eplerenone or spironolactone), reduce fibrosis, improves
cardiac function and increase the impact of ACE on LV
remodeling.(24)

A randomized trial of eplerenone in patients with mild to
moderate HF didn’t show reverse remodeling 9 months after
treatment when another randomized trial in patients with LV
dysfunction after myocardial infarction, eplerenone did
improve patients outcomes. Thus, further investigation are
needed.(25) (26) (27)

The fact that the prolonged stimulation of B- adrenergic
receptors (B-Ars) induce myocellular toxicity, dilatation and

systolic dysfunction when the B1-AR is overexpressed, plus
the fact that high levels of catecholamine are not only a
marker of HF but rather a direct contributor. All of this has
led to investigate the benefit of B-AR blockade in HF patients
that is now considered to be the second class of therapy
involved in “’reverse remodeling’’. (28) (29) (30) (31)

The exact mechanism of B-AR blockade that lead to a
beneficial effect on reverse remodeling is still unknown but it
seems like it involved B-AR function, myocardial energy
utilization and calcium handling. (32) (33) (34)

Patients with HF often have a delay in electrical conduction
leading to a dyssynchrony of the heart. Whether this delay is
defined by QRS duration or echocardiography dessynchrony,
it is an independent predictor of increased mortality in
patients with HF.(36)

Some animal studies revealed that LV desynchrony involve
regional variations in myocyte hypertrophy, blood flow and
oxygen consumption. (37)

Cardiac resynchronization therapy (CRT) in which
biventricular stimulations is applied was developed to counter
this pathophysiology. It improves net systolic function
without affecting diastolic volume.(38)

Studies of benefit of CRT in HF showed that it triggers potent
changes in cell-survival signaling (involving the kinase Akt)
, upregulates B-adrenergic responses and normalizes ion-
channel function. (41) (42)

Another alternative that is quite successful is LV assist
devices (LVADs) usually used as a bridge before cardiac-
transplantation but in cases of responsive patients LVADs can
be used as a destination therapy. Studies showed that the size
of myocytes decreases in the L'V but not in the right ventricle
(RV) proving that this change is a result of the mechanical
unloading of the LV and not a neurohormonal modulation.
(43) (44) (45)

Although LVADs have also an impact on the neurohormonal
system as they restore the heart rate, contractile reserve,
increases B-AR density on cardio-myocytes and improve
calcium response to catecholamine stimulation.(11) (12)
LVADs implantation according to one histological analysis
increase cardiac microvascular density and fibrosis. (46)
Some nuclear changes were noticed in the ‘’reverse
remodeling ‘* implying that cardiac regeneration is a part of
the remodeling mechanism after LVADs implantation.(47)
Lately focus in term of reverse cardiac remodeling has shifted
into cell based therapies .This cells offer to replace the
damaged or lost myocytes .For example intracoronary
administration of bone-marrow derived cells improves
cardiac ejection fraction .They have proven their efficacy in
reducing LV end-systolic volume but not end-diastolic
volume .The mechanism by which stem cells improve
Systolic function of the LV remains uncertain but the role of
paracrine signaling is highly suspected .(48) (49) (50) (51)

It has been reported by the vasodilatator heart failure Trial
(V-HeFT) investigators that, combination of vasodilatory
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medication (hydralazine +isosorbide dinitrate) leads to an
increase in ejection fraction and survival rate. The HeFT II
showed better result with only enalapril. (52) (53) (54) (55)
Since reverse remodeling include a stable decline in chamber
volumes, the surgical removal of LV muscle (
ventriculectomy ) with a reconstruction was proposed in
1990s but with an important rate of failures and recurrence of
HF .(56)(57)

Some therapies didn’t improve LV remodeling and made in
some cases the clinical outcome even worse: Calcium-
antagonists, Statins, TNF inhibitors, Renin-Inhibitors and
endothelin-inhibitors. (58) (59) (60)

As one can confirm the last decades have been dedicated to
targeting cells via extracellular ligand-receptor interactions in
matter of HF medical therapy but the focus in future will
move toward manipulating intracellular signaling pathways
with a large list of potential targets.

CONCLUSION

As years pass by new proteins, protein-protein interactions or
signaling pathways are revealed to have a major role in
“reverse remodeling’’.Some therapies targeting these
changes prove their efficacy others don’t.But the progress
most go on and this complex topic won’t be closed anytime
soon.Many experts are dedicated to finding an explanation of
the “’reverse remodeling’’ but a gray area persists and there
are cases that remains mysterious like the one that we report.
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