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Abstract

CARDIAC REMODELING IN PATIENTS WITH HFrEF TREATED WITH
SACUBITRIL/VALSARTAN: ECHOCARDIOGRAPHIC ANALYSIS

Aim of the study: The aim of the present study was to assess reverse remodeling in patients with HFrEF after
six months of treatment with sacubitril/valsartan through 3D echocardiography and two-dimensional Speckle
Tracking echocardiography, which are known to allow automatic and reproducible assessment of ventricular
volumes, ejection fraction, left atrium volume and global longitudinal strain of the left ventricle and left atrium.
A further aim of the study was to analyze clinical and echocardiographic baseline characteristics of the patients
in order to identify the presence of predictive factors of significant reverse remodelling, and, thus, of response
to sacubitril/valsartan treatment.

Finally, the variation in atrial natriuretic peptides plasmatic levels after sacubitril/valsartan therapy was also
evaluated.

Material and Methods: In this prospective longitudinal study, patients with HFrEF treated with
sacubitril/valsartan were enrolled. The following were inclusion criteria: age over 18, EF <35%, NYHA class
> 11, treatment with the maximum tolerated dosage of ACEi or ARB or patients naive to ACEi or ARB,
undergoing pre-treatment with one of theese drugs. Exclusion criteria were: symptomatic hypotension, systolic
blood pressure <100mmHg, eGFR <30 ml/min/1.73 m?, serum potassium levels >5.2 mmol/L, history of
angioedema, adverse reactions during ACEi/ARB therapy, concomitant initiation of therapy that may induce
reverse remodelling (for example, CRT implantation or coronary revascularization during follow-up or in the
six months prior to enrolment), non-sinus rhythm, suboptimal acoustic window. Patients have been undergoing
a clinical examination, 12-lead electrocardiogram, transthoracic echocardiogram (2D/3D parameters and 2D-
Speckle Tracking), and dosage of natriuretic peptides before the start of therapy with sacubitril/valsartan and
at the follow-up at 6 months. Functional assessment was performed using the NYHA classification.

Results: The final study population consisted of 32 patients. At the time of the follow up several
echocardiographic parameters improved significantly in the entire study population. 13 (41%) of the patients
in the study population were classified responders' and 19 (59%) were 'super responders'. In the 'responders'
group more severe left ventricular remodelling before treatment was documented, in particular greater VIDi
values and higher indexed atrial volumes.

An improvement in global ventricular and atrial strain was also observed in 'responders', although less marked
than the 'super responders' group.

Conclusions: Sacubitril/valsartan significantly improves reverse remodeling in patients with HFrEF. This
result tends to occur in patients with a ventricular dilation of lesser severity. In accordance with these
considerations, the drug should be used early and independently of the apparent clinical "stability" to avoid
further progression of ventricular remodelling. Further studies may lead to an indication of sacubitril/valsartan
since an earlier stage of the disease.
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Introduction

Heart failure with reduced ejection fraction (HFrEF), is a progressive disease with a
history characterised by phases of apparent stability alternating with phases of
instability and worsening, with frequent need for hospitalisation and subsequent high
incidence of re-hospitalisation.

The PARADIGM-HEF? study, the largest trial ever conducted to date in patients with
HFrEF, introduced the greatest pharmacological innovation of recent years into the
treatment of these patients: sacubitril/valsartan, the progenitor of a new generation of
drugs known as 'ARNI' (angiotensin receptor neprilysin inhibitor), which on a
pathophysiological level acts on two pathogenetic mechanisms of heart failure: the
activation of the renin-angiotensin-aldosterone system (RAAS: Renin-Angiotensin-
Aldosteron-System) and the decreased sensitivity to natriuretic peptides. Thanks to the
presence of valsartan in the drug's composition, all the widely known positive effects
of sartans (Angiotensin-Receptor-Blockers: ARB) are maintained; thanks to sacubitril,
which causes an inhibition of neprilysin, a decreased degradation of natriuretic peptides
is achieved, resulting in an increase in their plasmatic levels with their consequent
vasodilator, natriuretic, antiproliferative and antifibrotic effects.

After a median follow-up of 27 months, the study was stopped early due to a net clinical
benefit of sacubitril/valsartan compared to enalapril.

Compared to enalapril, sacubitril/valsartan reduced the primary endpoint, i.e. the risk
of cardiovascular death and hospitalisation for heart failure, by 20% and mortality from
all causes by 16%.

However, the PARADIGM-HF study did not include an echocardiographic follow-up.
To date, there are still only a few studies available in literature®® describing
echocardiographic characteristics of the recovery of ventricular function and any
reverse remodelling of the cardiac chambers after treatment with sacubitril/valsartan.
Besides, none of these studies consider the currently most recommended methods for
the assessment of ventricular function. In the echocardiographic assessment of cardiac
function, there has been a rapid and progressive development: 3D echocardiography is
currently the most accurate method of assessing ejection fraction. In addition, strain
parameters derived from speckle tracking echocardiography, applied to the study of the
ventricular and atrial myocardium, nowadays are of great importance, allowing a
thorough, practical and non-invasive assessment of myocardial function.

The aim of the present study was to assess reverse remodelling in patients with HFrEF
after treatment with sacubitril/valsartan, using innovative and accurate methods such
as the HeartModel system, which provides a valid and reproducible estimation of
ejection fraction within seconds. Alongside the 3D echocardiographic evaluation,



another aim was also to analyse changes in left ventricular and atrial longitudinal strain
after medical therapy with sacubitril/valsartan. In addition to these more innovative
and recent parameters, values for filling pressures, PAPS, and both ventricular and
atrial diameters and volumes were also taken into account.

Finally, a further aim of the study was to analyse the main clinical and
echocardiographic characteristics among patients who presented less significant
reverse remodelling.
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1. Heart failure

1.1 Definition, etiology, diagnosis

Heart failure 1s a complex clinical syndrome characterised by several typical symptoms
and signs such as dyspnoea, asthenia, swollen ankles and legs, oedemas, jugular
distension, and lung crackles. It can be caused by a structural or functional alteration
that results in either an impaired blood ejection capacity and thus reduced cardiac
output or impaired ventricular filling resulting in elevated intracardiac pressure at rest
or during stress.

The terminology used to define heart failure has historically been based on the
measurement of ejection fraction (FE). Using this parameter, three categories of heart
failure can be distinguished: heart failure with preserved ejection fraction (HFpEF, EF
>50%), with mildly reduced EF (HFmrEF, EF between 41 and 49%), and with reduced
EF (HFrEF with FE < 40%).!

Definition of heart failure with reduced ejection fraction, mildly reduced @ ESC
ejection fraction and preserved ejection fraction

Type of HF HFrEF HFmrEF HFpEF
1 Symptoms *Signs® Symptoms £ Signs?® Symptoms + Signs?
2  LVEF £40% LVEF 41-49%" LVEF 250%
< 3 - - Objective evidence of cardiac structural
E and/or functional
'n:: abnormalities consistent with the
(@)

presence of LV diastolic
dysfunction/raised LV filling pressures,
including raised natriuretic peptides®

"2021 ESC Guidelines for the diagnosis and treatment of Acute and Chronic Heart Failure"
European Heart Journal (2021)

Different epidemiologies and etiological profiles can be recognised for the different
types of heart failure. Compared to heart failure with reduced EF, heart failure with
preserved EF occurs more often in older, female patients, with a history of systemic
arterial hypertension, atrial fibrillation, while a previous history of myocardial
infarction is more rarely found in these patients.

In 20-30% of patients with HFrEF, the exact etiology is unknown; in these case the



cause may be non-ischaemic, familial dilated or idiopathic cardiomyopathy. Previous
viral infections or exposure to toxins can also lead to dilated cardiomyopathy. Actually,
there is not a classification system for the causes of heart failure, because there are
many different pathologies responsible for HF, the identification of which should be
an integral part of the diagnostic work-up, so that specific therapeutic opportunities can
be guaranteed, with multidisciplinary care. With regard to diagnosis in a non-acute
setting, the essential elements to be considered, which allow specific diagnostic
algorithms to be applied, are patient's medical history, physical examination,
electrocardiogram, natriuretic peptide plasmatic levels and echocardiogram. Gathering
a detailed medical history is essential, as heart failure will rarely be present in patients
without a relevant clinical history, in which a potential cause of cardiac damage is not
recognised, while obviously some elements such as a history of myocardial infarction,
previous myocardial revascularisation surgery or systemic arterial hypertension
significantly increase the likelihood that the patient, who presents for the first time with
typical signs or symptoms, really has a heart failure condition. Therefore, in the first
steps of the diagnostic approach, the presenting symptoms, the physical examination
and finally the resting ECG must be considered. If all these elements are normal, heart
failure 1s highly unlikely and other diagnoses must be considered. If, however, at least
one element is altered, plasma natriuretic peptide levels should be measured.?
Natriuretic peptides are very useful biomarkers and can guide the clinician both in the
diagnosis of heart failure and in the therapeutic choices and prognostic evaluation of
the patient. The most frequently used are B-type natriuretic peptide (BNP) and the N-
terminal fragment of B-type natriuretic peptide (N-Terminal pro-B-type Natriuretic
Peptide, NT-proBNP). They are released by cardiomyocytes and, considering their
distribution predominantly in ventricles, they are believed to be indicative of
ventricular stretch and synthesised in response to wall stress. Natriuretic peptide levels
tend to increase progressively with worsening NYHA functional class and to be higher
in HFrEF than in HFpEF, despite the independent contribution of diastolic function to
their concentration. Patients with acute decompensated heart failure more often have
higher BNP and NT-proBNP values than those with chronic stable heart failure. The
upper limit of normality for the non-acute setting is for BNP 35 pg/mL and for NT-
proBNP 125 pg/mL; in the acute setting, however, higher values for BNP < 100 pg/mL
and for NT-proBNP < 300 pg/mL must be considered.?

Several important clinical variables interfere with BPN and NT- proBNP values. Both
natriuretic peptides increase with age, probably due to the accumulation of cardiac
structural alterations in older subjects, with renal insufficiency, partly due to slower
clearance and in many other cardiac or non-cardiac pathological situations, such as
atrial fibrillation, right ventricular dysfunction resulting from pulmonary embolism,



sepsis, and also obesity.* Once measured natriuretic peptides levels, if altered values
are found, the diagnostic pathway must be continued by performing a colour-Doppler
echocardiogram, which is the most readily available imaging modality, without any
risks, as it does not even involve exposure to radiation, and can even be performed at
patient's bedside. It can assess structure and function of myocardium and valves,
providing important information on intracardiac pressures and flows.

In addition to the echocardiogram, many other imaging modalities are extremely
important in the diagnosis of HF. Readily available and easily performed, chest X-ray
is extremely important, especially in the acute form. Cardiac MRI is the gold standard
for measurements of volumes, mass, and ejection fraction of both ventricles.’ In
patients with inconclusive echocardiographic examinations, especially imaging of the
right heart and in those with complex congenital heart disease, MRI is the best exam.®
Through different sequences, with or without gadolinium, it can highlight the
characteristics of cardiac tissue and assess myocardial viability, allowing the
distinction between ischaemic and non-ischemic cardiomyopathy, especially on the
basis of the localization of areas with LGE (late gadolinium enhancement), which
correspond to myocardial necrosis or fibrosis. Generally, in ischemic cardiomyopathies
LGE 1s predominantly observed in subendocardial regions or with transmural
extension, whereas in non-ischemic dilated cardiomyopathies it may be observed more
frequently in intermediate or epicardial regions or not be present, or show specific
patterns depending on the aetiology.”®

Nuclear imaging techniques include methods useful in the study of heart failure too,
such as PET and SPECT, which are mostly used for the assessment of myocardial
ischaemia and heart viability.’

Coronarography is recommended in patients with heart failure and angina refractory to
medical therapy or symptomatic for ventricular arrhythmias, and should be considered
in patients with intermediate-high pre-test probability.!° Coronary CT is preferred in
patients who have undergone non-invasive stress testing with equivocal results and in
those with low to intermediate pre-test probability.

Finally, among several other tests that can be performed, probably the one with the
greatest importance and diagnostic value is the endomyocardial biopsy, which should
be considered in patients with rapidly progressive heart failure, despite medical
therapy, where there is a possibility to make a specific diagnosis, confirmed by
myocardial histological examination, and to start an effective targeted medical therapy.



1.2 Echocardiography in the evaluation of patients with heart failure

1.2.1  Assessment of systolic function: 3D echocardiography and
beyond

Echocardiography, which is routinely used for the evaluation of patients with heart
failure, is a widely used imaging method that is safe, easy to perform, non-invasive,
providing very important information regarding cardiac structure and function. It has
also the fundamental role of guiding the clinician in making therapeutic decisions and
monitoring response to treatment.

The pump function of the left ventricle can be expressed through various parameters.
In clinical practice, ejection fraction tends to be used more frequently.

Current guidelines recommend the use of 3D to assess the dimensions of cardiac
chambers and their function, because of its diagnostic accuracy and high
reproducibility. In fact, 3D is not based on any kind of geometric assumption and there
is no risk of assessing the volumes of the heart chambers incorrectly. The latest
innovation in 3D echocardiography is the HeartModelA.I., an intuitive and validated
diagnostic tool that provides a valid and reproducible ejection fraction in few seconds,
and the simultaneous characterization of the volume of the left atrium, which has been
shown to have an important cardiovascular prognostic value. The multicentre clinical
study by Medvedofsky et al.!! demonstrated the accuracy and reproducibility of 3D
echocardiography performed with HeartModelA.I. and subsequently proved its
superiority over manual 3D echocardiography.

This new automatic method, which is quick and easy to perform, is based on an
algorithm built from a large number of 3D datasets obtained in patients with different
types of left ventricle. The software simultaneously detects endocardial surfaces of left
ventricle and atrium, identifying end diastolic and end systolic phases, in order to create
three-dimensional casts of the cavities in the different phases of the cardiac cycle, from
which the ventricular and atrial volumes can be derived directly, without the need for
any geometric assumptions.



Global/regional corrections
LV Focused Views

Initial fully
automated model

.
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-

LA Focused Views

Figure 2 Automated technique for left-heart 3D chamber quantification. Following initial fully-automated detection of left ventricular and left atrial
endocardial surfaces (left), the software allows the user to perform manual corrections of the endocardial boundaries when needed (centre), result-
ing in final 3D casts of the cardiac chambers. The optional correction are performed in anatomically correct non-foreshortened 2D planes showing
focused long-axis views of the left ventricle (top) and left atrium (bottom), both automatically extracted from the 3D dataset.

Normal Dilated “Banana”- shaped Sigmoid Septum

Figure | Different left ventricular shapes that the automated software was trained to recognize. In addition to normal ventricles, the training set
induded a number of common abnormal/asymmetrical vertricular shapes. (Note that the program displays RV and RA casts but no velume values

are provided because they have not been validated).

D. Medvedofsky et al. 'Three-dimensional echocardiographic quantification of the left-heart chambers
using an automated adaptive analytics algorithm: multicentre validation study' European Heart Journal-

Cardiovascular Imaging (2018) 19, 47-58



EF, when used alone, can sometimes confuse rather than clarify patient's functional
characteristics. In fact, EF depends both on SV in a direct way and on end diastolic
volume (EDV) of the left ventricle in an inverse way (EF = SV/EDV): this dependence
of EF on the two factors makes clear how it is possible to observe a reduced EF
associated with anormal SV (if EDV is increased) and, on the other hand, also a normal
EF associated with a reduced SV (if EDV is reduced). So that, the assessment of EF in
heart failure cannot be isolated but must always be combined with that of EDV and
SV.12

Since EF is calculated from the difference in ventricular volumes, it merely represents
the change in volume that occurs during ventricular systole, but does not clarify in
which direction blood is eject. The fact that a reduced EF does not necessarily
correspond to a reduced SV makes clear why resting EF in HF does not correlate with
symptoms, exercise capacity and myocardial oxygen consumption. 314

As previously mentioned, 3D echocardiography should be used for the calculation of
left ventricular volumes and FE, as currently recommended by the guidelines. This
method, however, is not yet available everywhere. Two-dimensional echocardiography
should be used as an alternative with the biplane approach based on Simpson's method
or, if endocardial borders are poorly recognisable, the area-length method.!” Regarding
SV, the method to be used for its assessment is the echo-Doppler, which has been also
validated in patients with heart failure.

1.2.2 Assessment of left ventricular mass, geometry and remodeling

In patients with heart failure, the degree of left ventricular remodelling is an important
prognostic factor. In addition to size, the change in ventricular shape is also a key
element in determining the severity of heart failure. Different types of ventricular
remodeling can be observed with different prognostic profiles.

In patients with HFpEF, myocardium generally responds with an increase in radial
thickness of the muscle fibers and a greater deposition of extracellular collagen,
resulting in concentric hypertrophy, characterized by an increase in parietal thickness
and overall muscle mass.'¢!”

In some cases a concentric remodelling occurs, when total mass is not significantly
increased, as opposed to parietal thickness. Distinguishing the two entities is important
as concentric parietal hypertrophy is associated with a worse prognosis than concentric
remodelling. '3

In contrast, a lengthening of cardiomyocytes without an increase in their width is
observed in patients with HFrEF. In addition, myocyte necrosis and extracellular
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collagen degradation occur as a result of the increased activity of matrix
metalloproteinases and similar enzymes.!”

As a result, eccentric remodelling is observed, characterized by an increase in the size
of the ventricular cavity, which is not associated with an increase in parietal thickness,
which is sometimes actually thinned.

Moreover, left ventricle in these patients will tend to dilate, because it will tend to take
on a more spherical shape, by virtue of the fact that spherical geometry allows larger
volumes to be received for the same myocardial length.

However, the increased sphericity of the left ventricle is a maladaptation, associated
with poorer prognosis, as it increases wall stress.?

Another index that can be easily derived on the basis of M- mode measurements and
can provide useful pathophysiological and prognostic information is the relative wall
thickness, which is calculated by dividing twice the posterior wall thickness by the left
ventricular telediastolic diameter.

When the relative wall thickness is >0.42, it indicates concentric remodelling;
conversely, it is suggestive of eccentric remodelling.

Since the transition from an ellipsoid shape to a more spherical geometry is generally
associated with a progression of systolic dysfunction, it is important in this regard to
make an assessment, which can be done visually or quantitatively through the
ventricular sphericity index. It is also important to consider the extent of left ventricular
dilatation: when it is very severe, 1.e. when the end diastolic diameter is greater than
70 mm, reverse remodelling is less likely with medical therapy. Sudden dilatation in
patients with left ventricular heart failure is associated with an increased risk of cardiac
death. The BEST study by Grayburn et al.?! showed that the indexed end diastolic
volume is an independent prognostic predictor in HFrEF with a cut-off value of 120
ml/sqm.

1.2.3 Speckle-tracking echocardiography in patients with heart
failure

Strain imaging is based on the study of three-dimensional myocardial deformation, a
complex mechanism made possible by the left ventricular myocardial architecture,
which has been accurately described by Torrent-Guasp et al,*? based on the results of
anatomopathological dissection of the heart.

These authors believe that left ventricle consists of a single myocardial band coiled in
a spiral; consequently, the main mechanism responsible for left ventricular ejection
would be a 'wringing' or 'squeezing motion' related to the spiral arrangement of the

11



myocardial architecture.

The subendocardial layer consists of fibers oriented longitudinally-obliquely from the
base towards the apex, the intermediate layer of fibers arranged in a circular direction,
while the subepicardial layer consists of fibers running longitudinally-obliquely from
the apex towards the base. Because of the architecture described above, it is clear that
the systolic contraction of the left ventricle cannot be compared to the shortening of
any skeletal muscle, which, having specific tendon heads of insertion, shortens in a
single direction. The systolic twisting of the left ventricle, in addition to being essential
for blood ejection, also represents an important energy reserve. Near the end of systole,
when the twisting is at its maximum, the muscle bundles begin to relax sequentially
from the subepicardium to the subendocardium, resulting in an inverse deformation of
the left ventricle: the base rotates in a counterclockwise direction while the apex rotates
in a clockwise direction, a sort of recoiling also known as untwisting or recoil that
occurs most during the phases of isovolumetric relaxation and early filling of the left
ventricle. In this phase, the subepicardial fibers release and recoil back to their original
position, the recoiling of the subepicardial fibers causes a tensile force to be exerted on
the endocardium. Thus, a spring mechanism occurs between the epicardium and the
endocardium that causes a negative transmural pressure; this causes an atrioventricular
gradient responsible for mitral valve opening and early ventricular filling.

Decreased systolic torsion inevitably impairs the recoil phase of the left ventricle,
leading to reduced early filling in diastole, which is precisely why patients with heart
failure frequently have impaired diastolic function.

Longitudinal strain (LS) represents myocardial shortening along its longitudinal axis,
is identified by negative curves during systole and positive curves in diastole, and can
be assessed in apical 2, 3 and 4-chamber view. In addition to the strain of each
individual myocardial segment, it is possible to assess the average of the regional
strains to obtain the global longitudinal strain (GLS), which is an important index of
global systolic and subclinical regional ventricular function before the alteration of EF.
Global radial strain (GRS) represents myocardial deformation in the radial direction
and corresponds to the percentage systolic thickening of the myocardium. For this
reason, normal systolic GRS curves are positive. The analysis is performed in
parasternal short-axis view in 3 sections: base, papillary muscles and apex. In these
same sections, global circumferential strain (GCS) is analysed, which represents the
shortening of the myocardium circumferentially with negative curves.

The echocardiographic speckle tracking technique is a method that does not use the
Doppler technique; therefore, compared to TDI it has the advantage of being
independent of the angle between the flow direction and the ultrasound beam. It is
based on the recognition of so-called speckles, i.e. a set of pixels that make up the
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fundamental matrix of the two-dimensional echo, derive from the interaction of the
ultrasounds with the myocardial tissue and can be recognised and tracked in an entire
region throughout the cardiac cycle by the software in 2D or 3D, generating myocardial
deformation curves in different directions. The principle is that if two consecutive
frames are temporally close together, the small change in position of the speckles can
be easily recognized by the software. The calculation capacity of the system allows this
to be performed for dozens of regions simultaneously along the profile of a 2D image.?
Speckle Tracking analysis is performed on two-dimensional greyscale
echocardiographic images, acquired during apnoea to minimise breath act-related shifts
and synchronised with the electrocardiographic trace. Images should be acquired with
a high frame-rate: the optimal range is between 60 and 110 Hz,?* trying to set a value
proportional to the patient's heart rate. Having a high frame rate means having a high
temporal resolution; this allows the 'speckles' along the cardiac cycle to be followed
more precisely.

Longitudinal strain parameters, obtained from 2D speckle tracking algorithms, are
visualized through colour-coded regional/time strain curves and a 'bull's eye' graph.
While it is true that classifying heart failure as systolic or diastolic is erroneous and
outdated, even the more recent designation described in the ESC 2021 guidelines of
heart failure with reduced ejection fraction or preserved ejection fraction is not entirely
complete, because it doesn’t consider the underlying myocardial mechanisms.?®

In patients with HFpEF there is typically a reduction in GLS and GRS while GCS and
twisting are often normal (or have values above normal), ensuring that EF is not
reduced. In HFrEF there is also a reduction in GCS and twisting, demonstrating that
all compensatory mechanisms are exhausted. The loss of circumferential fibers support
results in dilation of the left ventricle.

In HFrEF, it has been shown that the peak of the twisting is reached later than normal,
often during diastole, and so is the peak of the clockwise rotation of the apex. Impaired
twisting negatively affects diastole as the energy released for untwisting is reduced.?
In patients with HFpEF, it has been observed that moderate diastolic dysfunction is
associated with increased velocities of both twisting and untwisting as a possible
compensatory mechanism for the reduction of various types of myocardial
deformation; when diastolic dysfunction becomes advanced, with increased ventricular
filling pressures, these velocities are normalised or reduced, as demonstrated by Park
et al.”’

Several studies comparing various software were carried out; from these studies
emerged that the most reproducible parameter was the GLS, while the other strain
parameters were subject to enormous variations and, therefore, not very reliable.?®
Many studies have validated the existence of a good correlation between EF and
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Longitudinal Strain. The GLS also allows an accurate and early identification of
changes affecting the subendocardial longitudinal fibers layers after a myocardial
damage, differently from EF. These fibers are the first to be affected in numerous
pathologies, so GLS evaluation is particularly useful in patients with early-stage left
ventricular dysfunction and still preserved FE.?

The search for subclinical ventricular dysfunction by means of GLS assessment can
thus be carried out in hypertensive patients, diabetics and patients with valvular disease
or cardiomyopathy.**! Moreover, in patients with heart failure with preserved EF, it
has also been shown that the GLS decreases proportionally to NYHA class.

The progressive reduction in GLS reflects the gradual development of left ventricular
dysfunction that characterizes heart failure, from its earliest stages, and is therefore to
be considered useful not only as an early diagnostic marker, but also as a prognostic
marker.>

In patients with HFpEF and those with HFrEF, GLS is an index of myocardial fibrosis*?
and an independent predictor of all-cause mortality and major adverse cardiac events,**
thus offering a very important additional prognostic value compared to EF.*°

The LS of the right ventricle (right ventricular longitudinal strain, RVLS) has recently
shown good feasibility and reproducibility.**” The procedure for calculating the strain
is similar to that described for the left ventricle. For this chamber, there are 6 segments
of interest obtained in the 4-chamber view, with the same number of strain curves, from
which the global RVLS is calculated as the mean value. The strain of the free wall of
the VD alone can also be analysed by limiting the ROI to the basal, middle and apical
segments of this wall. Speckle tracking echocardiography has also been applied to the
analysis of left atrium function.®

The assessment of atrial strain has shown excellent sensitivity and specificity in
predicting a pulmonary capillary pressure of 18 mmHg or higher in patients with heart
failure, in particular a cut-off below 15% shows high diagnostic accuracy,* and it is
especially important to emphasise that a good correlation with ventricular end diastolic
pressure values has been demonstrated, using the Peak Atrial Longitudinal Strain
(PALS), even in patients with reduced EF.** The inverse relationship between global
PALS and elevated filling pressures can be explained by considering left ventricular
end diastolic pressure as a kind of 'afterload' of left atrial function, whereby if left
ventricular end diastolic pressure is elevated, the left atrium is mechanically stressed
and its reservoir function is reduced, inducing progressive dilatation.*! Furthermore, it
has been shown that left atrial strain is closely correlated not only with left ventricular
end diastolic pressure, but also with levels of natriuretic peptide, in particular BNP and
NT-pro-BNP,42 which are produced by atrial and ventricular cardiomyocytes precisely
in response to mechanical stress.
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Left atrial strain can discriminate between patients with dysfunctional asymptomatic
diastolic and patients with clinical evidence of HFpEF. In addition, it has been observed that
atrial dysfunction is often present in patients with heart failure and may be the primum
movens of clinical manifestations: in patients with new-onset dyspnoea, the reversibility of
altered atrial strain may predict the reversibility of symptoms achievable with therapy. In
patients with HFrEF and those with HFpEF, PALS has prognostic value and has a significant
negative correlation with NYHA class.*
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Figure 4. Speckle-tracking echocardiography-derived mechanics in patients with heart failure. A, An example of a patient with heart failure
with preserved ejection fraction because of left ventricular hypertrophy caused by long-standing hypertension. GLS is blunted, wheraas GCS

and left ventricular torsion are exaggerated, thus, the preserved gjection fraction. Left ventricular untwist iz delayed. B, An example of a patient
with heart fallure with reduced gjection fraction because of dilated cardiomyopathny. GLS i seen 1o be severaly decreased comparned with heart
failure with preserved ejection fraction. In addition, mechanics in all other directions are also biunted, including reduced GCS, GRS, laft vantricular
torsion, and untwist rate, signifying the exhaustion of the compensatory mechanismes and the reduction of ejection fraction. 2C indicates
2-chamber; 3C, 3-chamber, 4C, 4 chamber; GCS, global circumiferantial strain, GLS, giobal lengitudinal strain; and GRS, global radial strain.
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Figure 1. The progression of mechanical dysfunction in subclinical and overt heart failure. ACC indicates American College of
Cardiology; AHA, American Heart Azsociation; DM, diabetes mellitus; EF, ejection fraction; GCS, global circumferential strain; GLS,

global longitudinal strain; GRS, global radial strain; HFpEF, heart fallure with preserved ejection fraction; HFrEF, haart failure with reduced

gjection fraction; HTM, hypertension; and LV, left ventricular.
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1.3 Medical therapy in heart failure with reduced ejection
fraction

In the treatment of HFrEF it is crucial to reduce the prolonged neuroendocrine
activation, especially of the SNS and the RAAS system, which in the long term leads
to deleterious consequences and is known to characterize the pathophysiology of heart
failure.!

Pharmacological interventions are therefore aimed at restoring the neuroendocrine
balance and especially at down-regulating the RAAS system through ACE-inhibitors*
7or sartans®!! (angiotensin receptor blockers: ARBs), aldosterone secretion!>!° through
mineral corticoid receptor antagonists (MRAs) and the SNS through beta-blockers.!®
21 The progenitor of the ARNI family of drugs, sacubitril/valsartan, combines the action
of a sartan (valsartan) and a neprilysin inhibitor (sacubitril), which has been shown to
be superior to the ACE inhibitor (enalapril) in reducing the risk of mortality and
hospitalisation.?? Triple therapy with beta-blockers, MRA and ace-inhibitors or sartans
or ARNI, represents the cornerstone of medical therapy for patients with HFrEF,
improving symptoms and quality of life, protecting against major fatal and non-fatal
events, reducing hospitalisations and mortality.

The treatment of heart failure now includes a new class of drugs: the sodium-glucose
cotransporter type 2 inhibitors, which have led to the establishment of a quadruple
therapy. Further options in the treatment of the condition are diuretics, vasodilators
such as nitrates, which are important for relieving the symptoms and signs of
congestion, inotropic drugs, and also non-pharmacological tools such as the
implantation of a cardiac defibrillator or resynchronisation therapy, or in the most

severe cases the implantation of a ventricular assist device or a heart transplant.
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2. Sacubitril/valsartan: new and effective drug in HFrEF

2.1 The new paradigm of ARNI

After the several historical studies that led to class IA recommendations for
ACEIs/ARBs, beta-blockers and mineralocorticoid receptor antagonists or anti-
aldosterone receptors (MRASs)! the last few decades have seen the failure of several
therapeutic attempts, as was the case, for example, with aliskiren.? Furthermore, the
possibility of using devices, when indicated, has been shown to further improve
survival compared to medical therapy, for implantable defibrillator limited to patients
in New York Heart Association (NYHA) class >II and FE <35%,* and cardiac
resynchronisation therapy (CRT) limited to patients with FE <35% and left bundle
branch block with QRS >130 ms. Finally, revascularization, regardless of how it is
performed, should be pursued when possible and indicated, as it adds benefit over
medical therapy.*

Despite available treatments, heart failure continues to have a poor prognosis,
especially in patients who worsen and require hospitalization, reaching a 27% mortality
rate at 1 year, with a high re-hospitalisation rate.’

After many negative studies, two studies have recently reversed the trend, allowing the
commercialisation of two new drugs capable of improving the prognosis of patients
with HFrEF: ivabradine, studied vs placebo in the SHIFT trial (Systolic Heart failure
treatment with the If inhibitor ivabradine Trial),® effective in patients with heart rates
>70 b/min despite beta-blocker therapy (class IIb), and sacubitril/valsartan, compared
vs enalapril in the PARADIGM-HF trial. ’

The rationale behind the development of sacubitril/valsartan, the progenitor of ARNIs
(angiotensin receptor neprilysin inhibitors), has born from recent evidence on the role
of the natriuretic peptide system.®

As well known, in heart failure, due to the need to preserve cardiac output and blood
pressure, a stereotyped neuronal response is activated, which is useful in the short term
but deleterious in the long term. This response is mostly based on the activation of the
adrenergic nervous system and the renin-angiotensin-aldosterone system, which cause
an increase in salt and water retention, peripheral arterial vasoconstriction, contractility
and, after prolonged overactivation, also an increase in inflammatory mediators, which
are responsible for long-term cardiac remodelling. Concomitantly with the SNS and
RAAS, which cause vasoconstriction and volume overload, other regulatory systems
are also activated in heart failure: particularly that of natriuretic peptides, which are
released in response to an increase in atrial or ventricular myocardial stretch, often
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secondary to volume overload or an increase in transmural cardiac pressure. Natriuretic
peptides, through a vasodilatory action, stimulating natriuresis and diuresis and
inhibiting the release of renin and aldosterone, lead to a considerable hemodynamic
improvement. Furthermore, through an antifibrotic and antiproliferative activity, they
bring an enormous benefit from a structural point of view, because they positively
interfere with ventricular remodelling, which is at the basis of the progression of left
ventricular dysfunction.

Thus, there are two opposing forces in HF: a so-called 'regulating' system, which causes
vasoconstriction, water retention, hypertrophy, apoptosis, and fibrosis, and a so-called
'counter-regulating' system, which instead causes vasodilation and has anti-
hypertrophic, anti-apoptotic and anti-fibrotic effects. However, over the time the good
natriuretic and vasodilator influences are clearly overwhelmed by the bad ones.’ The
progression of the disease towards an advanced phase is characterized by the
progressive loss of the endogenous ability exerted by vasoactive peptides to
compensate for the negative effects of the SNS and RAAS, namely vasoconstriction
and sodium retention.!”
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Clinical Research in Cardiology (2020) 109:599-610 DOI:10.1007/s00392-019-01547-2

Therefore it is clear how a pharmacological intervention aimed at enhancing the
activity of endogenous PNs represents a further advantage over traditional therapy. The
development of ARNI was based precisely on the possibility of considering the
neurhormonal response from another point of view for the first time, assuming that its
activation could also have favourable effects that could be exploited therapeutically.
NT-proBNP is not a substrate for neprilysin, so it appears to be the best biomarker for

26



monitoring the effects of ARNI therapy. Substrate for NEP and angiotensin-converting
enzyme (ACE) is bradykinin, which exerts positive cardio-renal and vasodilator
effects, as well as being a strong anti-apoptotic agent capable of reducing both
programmed myocyte and endothelial cell death.!>!® In addition to NPs, there are also
other substrates on which neprilysin acts, including Calcitonin Gene Related Peptides
(CGRPs), a group of neuropeptides, mainly located in the heart, vessels and central and
peripheral nervous system.!®!” Both myocytes and blood vessels have specific
receptors for CGRPs that are capable of causing considerable cardiovascular effects,
including non-endothelium-dependent vasodilation, hypotension and a positive
inotropic effect.'® As observed both in experimental models and in humans,*-* all these
peptides theoretically have important roles in HF such as limiting inflammation,
reducing smooth muscle contraction, neutrophil adhesion and vascular permeability.
NEP inhibition could also bring favourable metabolic effects in addition to the
described hemodynamic effects. PARADIGM-HF data show that patients with
diabetes, which had been present since screening, who received sacubitril/valsartan,
had a greater long-term reduction in HbAlc and were less likely to start insulin than
those who received enalapril. Of course, there are 'opposite’ effects, and this alsoapplies
to neprilysin inhibition, the potential adverse consequences of which are important. An
important substrate for NEP is angiotensin II, which in HF is overproduced by
numerous enzymes including ACE. Its increased plasma levels cause vasoconstriction
and water retention. Inhibition of NEP by further increasing angiotensin II would lead
to deleterious effects if sacubitril were used alone, without the combination with
valsartan, which by binding to the AT1 receptor of angiotensin Il is capable of blocking
all its negative effects. Other theoretical problems relating to the recent therapeutic
concept of NEP inhibition concern its ability to also degrade endogenous opioids and
the beta-amyloid peptide'*?!. NEP's affinity for beta-amyloid peptide is higher than
that of opioids, and among other things there is evidence that NEP, by degrading this
peptide, may have protective activity against Alzheimer's?. It follows that chronic use
of NEP inhibitors could instead cause or accelerate the disease, particularly in elderly
patients such as those with HF. However, experimental data are controversial and in
PARADIGM-HF no differences were observed in the incidence of cognitive
impairment-related adverse events between patients treated with sacubitril/valsartan
and those treated with enalapril.
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2.2 Sacubitril/valsartan and left ventricular remodelling: first
studies on echocardiographic parameters

The single-centre, retrospective, cohort study by Aws Almufleh et al.?®* in 2017
investigated for the first time the effect of sacubitril/valsartan on ejection fraction and
reverse ventricular remodelling parameters. In this study, 48 patients with HFrEF
treated with sacubitril/valsartan for a mean period of 3 months were enrolled. Clinical
and echocardiographic parameters were reviewed at three different time (pre-basal step
1.e. 18 months before starting sacubitril/valsartan, basal step before starting treatment
and post-sacubitril/valsartan). Cardiac imaging was performed through transthoracic
echocardiography (80%), angiography with radionuclides (14.6%) and cardiac MRI
(6.1%). The imaging data analysed were LVEF and reverse remodelling parameters
such as left ventricular end systolic diameter (LVESD), left ventricular end diastolic
diameter (LVEDD), left ventricular end systolic volume (LVESV), left ventricular end
diastolic volume (LVEDV), left ventricular mass and right ventricular systolic pressure
(RVSP). These imaging data and laboratory parameters such as serum potassium and
creatinine were evaluated before starting sacubitril/valsartan treatment and afterwards.
The primary outcome was the variarion in LVEF and the secondary outcome was the
variation in parameters indicative of reverse ventricular remodelling: LVESD,
LVEDD, LVESV, LV mass and RVSP.

EF was assessed according to the dose of sacubitril/valsartan received. An increase in
mean ejection fraction was observed regardless of whether the patient was receiving
the medium/high dose or the low dose. However, the mean increase in EF tended to be
slightly greater in the group receiving high doses than in the group treated with low
doses, with a mean increase of 5.09% (£ 1.36) and 4.03% (« 3.17), respectively (p =
0.184). With regard to the primary outcome, i.e. improvement in LVEF after
sacubitril/valsartan therapy, a significant increase was observed, from a mean baseline
value of 25.33% to a value of 30.14% (p < 0.001) with a mean treatment duration of 3
months. The response rate was not statistically different between patients with and
without ischaemic heart disease (68.2 % and 76.0 %; p = 0.550, respectively).
Furthermore, the response did not differ between patients with comorbidities such as
diabetes, hypertension or atrial fibrillation. There were significant improvements in the
indicator parameters of left ventricular remodelling, such as reductions in LVESD
(3.36 = 1.6 mm), LVEDD (2.64 = 1.1 mm) and LV mass index (14.4 + 3.9 g/m2), (all
p values < 0.05). There were non-statistically significant reductions in LVESV and
LVEDV. All patients in the study received optimal medical therapy for at least one
year; patients with a recent diagnosis of HF (i.e. less than one year) were excluded from
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the analysis. The fact that the benefits observed in this study were really attributable to
the drug was supported by the assessment of the LVEF performed at three times, which
showed that the LVEF remained unchanged at baseline compared with the 8§ months
prior to the start of sacubitril/valsartan, in which the patients were on OMT with
ACEi/ARB, BB and MRA, and that it improved significantly after the start of therapy.
This was the first study to describe in the so-called 'real world', outside the context of
clinical studies, an inverse remodelling effect of sacubitril/valsartan. A limitation of
this study is the variability between the methods used for the assessment of ventricular
function.

The aim of the 2018 single-centre prospective study?* by Martens et al. was to evaluate
the effects of sacubitril/valsartan therapy in terms of reverse remodelling in patients
with HFrEF with a class I indication for treatment (NYHA class I11-1V, LVEF<35%,
optimised medical therapy with anti-RAAS drugs). The drug dosage was optimized
according to the individual tolerance of each patient. A total of 125 patients (66 + 10
years) were prospectively included. The echocardiographic parameters considered
were: LVEDV, LVESV, LVEEF assessed by Simpson biplane method, SV assessed as
the difference between volumes, E-wave and A-wave, E/A ratio, deceleration time
(DT), (considering as restrictive pattern the one with E/A>2 or with E/A>1 and
DT<140 msec.), diastolic filling time (interval between the beginning of the E wave
and the end of the A wave), severity of mitral and tricuspid valve insufficiency assessed
by colour Doppler and RVSP. At the time of follow-up, 44 (35%) patients were on
24/26 mg sacubitril/valsartan, 46 (37%) on 49/51 mg and 35 (28%) on 97/103 mg. A
total of 39 (32.5%) patients reported an improvement in NYHA class, while 75 (62.5%)
patients reported no change and 6 (5.0%) reported a worsening of their functional
status. Systolic blood pressure had fallen by an average of 7.4 mmHg. After the start
of sacubitril/valsartan, patients showed a significant decrease in ventricular volumes,
predominantly LVESV (LVESV; 147 £ 57 mL vs 129 £ 55 mL; P <.001 and LVEDV;
206 =71 mL vs 197 £ 72 mL; P = .027), with a subsequent increase in LVEF (29.6 +
6% vs 34.8 £ 6%; P <.001) and SV. This improvement in systolic function and volume
remodelling was also associated with a reduction in the extent of mitral valve
insufficiency and an improvement in diastolic function parameters (reduction in E/A
ratio: 1.75 = 1.13 vs 1.38 £ 0.88; P =.002, increase in diastolic filling time: 48 = 9%
vs 52 £ 1%; P = 0.005 and a reduction in the percentage of patients with a restrictive
filling pattern: from 47% to 23%; P =.004) and a downward trend in RVSP. In addition,
a dose-dependent effect was observed for changes in LVEF (P <.001) and LVESV (P
=.031), and higher doses of the drug were significantly associated with higher degrees
of left ventricular reverse remodelling. Patients treated with the highest dose (97/103
mg) tended to be more often women and more often had a non-ischaemic aetiology of
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heart failure. The main findings of the study indicated that switching to
sacubitril/valsartan in patients with HFrEF, already treated with maximum tolerated
dose of ACEIs or ARBs, induced incremental, dose-dependent reverse remodelling,
positively influencing both systolic and diastolic function parameters. The drugs that
have always been the cornerstone of HF medical therapy, including ACE-I, ARBs,
beta-blockers and MRAs, have been shown to induce a positive effect on reverse
remodelling:>> ACE-Is and ARBs improve LVEF between 1%-4%,?%2® beta-blockers
between 4%-12%°-3D and MRAs generally improve LVEF by a further 4%.? In this
study, a 5% incremental improvement in LVEF was noted after switching from ACE-
I or ARB therapy to another sacubitril/valsartan therapy, again with a class I indication.
Increasing the likelihood that sacubitril/valsartan is responsible for the demonstrated
reverse remodelling is the described dose-dependent effect and the observed
relationship between treatment with longer duration and a tendency towards a greater
degree of reverse remodelling (P = 0.053). In addition, patients before the start of
sacubitril/valsartan were not treated with lower doses of RAAS blockers, and given the
long duration of heart failure before the drug was started, the therapies already in place
were necessarily to be considered optimised. Indeed, the dose of valsartan after
initiation of sacubitril/valsartan was equipotential to the dose of ACE-I or ARB taken
before. This study demonstrated the potential of the new drug to induce left ventricular
reverse remodelling in addition to standard medical therapy of heart failure. The
limitations of the study were mostly related to the lack of analysis of some
echocardiographic parameters, in fact while an impact on changes in LVEF and
LVESV, which are the parameters also preferentially used in previous studies to assess
the role of pharmacotherapy on reverse remodelling, was clearly demonstrated, it is
also true that many more echocardiographic assessments can be performed such as
measurement of atrial volumes, analysis of myocardial deformation parameters and
tissue Doppler parameters. In addition, for volumetric analysis, a 3D echocardiogram
or MRI is now recommended, whereas in this study, FE was assessed in 2D. The
PRIME study*’ evaluated the use of the sacubitril/valsartan combination in patients
with functional mitral insufficiency (MI), on the hypothesis that dual blockade of the
renin-angiotensin system and neprilysin may give better results than the use of sartan
alone. This study was conducted in a double-blind manner in 118 patients with heart
failure and functional MI secondary to left ventricular dysfunction, who were
randomised to receive sacubitril/valsartan or valsartan alone, in addition to standard
treatment for the underlying condition. Primary endpoint of the study was the change
in valvular area affected by regurgitation at 12 months after baseline assessment.
Secondary endpoints included changes in valve regurgitation volume, end systolic and
end diastolic volume of left ventricle, and area of incomplete valve leaflet closure. The
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results at 12 months showed a significantly greater reduction in valvular regurgitant
area in the group treated with the sacubitril/valsartan combination (-0.058+0.095 vs -
0.018+0.105 cm?2; p=0.032). In addition, a significantly greater reduction in the volume
of valvular regurgitation was also observed in this subgroup than in patients treated
with valsartan alone (mean difference -7.3 ml, 95% CI -12.6 to 1.9; p=0.009). No
significant differences were found between the two groups with regard to the change
in the area of incomplete valve leaflet closure, the volumes of the left ventricle and the
change in pressure values. Thus, in patients with functional MI, sacubitril/valsartan
appears to reduce valve insufficiency to a greater extent than valsartan alone. The
combination of a sartan and a neprilysin inhibitor could therefore be considered in the
context of the optimal medical therapy of these patients, for whom treatment options
are currently very limited. The PROVE-HF study** shows that patients with HFrEF
achieve the greatest survival benefit by avoiding hospitalization when NT- proBNP
rapidly reduced with sacubitril/valsartan. The results extend to patients with new-onset
heart failure, and suggest that even a suboptimal dose of the angiotensin-neprilysin
receptor inhibitor is still effective. Reductions in NT-proBNP concentration in patients
treated with sacubitril/valsartan were weakly but significantly related to improvements
in markers of cardiac volume and function. The PROVE-HF study* enrolled 794
patients at 78 US sites. All subjects had HFrEF and were taking beta-blockers and ACE
inhibitors or angiotensin receptor blockers and were eligible for treatment with an
ARNI. Three subgroups of patients were included in PROVE-HF that have not been
previously evaluated in other studies: patients who had new-onset HF and/or were
naive to renin-angiotensin system inhibitors, those with natriuretic peptide
concentrations below the inclusion criteria for the PARADIGM-HF? study, and
patients who were unable to reach the maximum dose of sacubitril/valsartan (97
mg/103 mg twice daily) at titration. The latter group, instead of going out from the
study, continued with the dosage they had been able to achieve. The median NT-
proBNP concentration at baseline was 816 pg/mL. Over 12 months, the demonstrated
change in NT-proBNP concentrations correlated with several measures of cardiac
remodelling, including progressive improvements in left ventricular ejection fraction,
LVEDVi, LVESVi, LAVi, and E/E' ratio (P < 0.001 for all changes) within the overall
cohort and subgroups of interest. LVEF increases averaged 5.2% within 6 months and
9.4% within 12 months. In post hoc analyses, LV mass index decreased from 124.77
g/m? at baseline to 107.82 g/m? at 12 months (P < 0.001). Reverse cardiac remodelling
in each of the three specified subgroups was comparable to the overall cohort.
However, in the new-onset group in particular an average increases in LVEF of about
13% over 12 months of treatment was observed, which was higher than the average for
the rest of the group. Patients with the most important reductions in NT-proBNP and
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left ventricular volume had the lowest rates of death and hospitalization for heart
failure, while those with suboptimal reductions in both measures had the highest event
rates. A major limitation of PROVE-HF?* is the lack of a control group, which leaves
open the possibility that drugs other than sacubitril/valsartan alone or in combination
with sacubitril/valsartan played a role in reverse remodelling.
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3. Study
3.1 Introduction and purpose of the study

The pharmacological therapy of heart failure has undergone considerable updates in
recent years, thanks to the introduction of numerous new molecules. Among these, the
class of drugs called ARNI (angiotensin receptor neprilysin inhibitor), of which
sacubitril/valsartan is the progenitor, represents an original and innovative therapeutic
potential, thanks to its joint action of neprilysin inhibition and angiotensin II
antagonism. Its integrated neuromodulation activity allows not only an antagonism
towards RAAS and CNS hyperactivation, but also a modulating activity in favour of
the natriuretic peptide system with vasodilator, natriuretic, antiproliferative and
antifibrotic effects.

PARADIGM-HF,' the largest trial ever conducted in patients with HFrEF, aimed to
clinically validate the pathophysiological hypothesis of the importance of enhancing
the action of natriuretic peptides. This study was discontinued prematurely, after an
average follow-up of 27 months, due to evidence of a significant benefit in the
sacubitril/valsartan-treated group of patients compared to the enalapril-treated group,
in terms of cardiovascular death, hospitalization for heart failure and all-cause
mortality. Further studies were conducted subsequently, with the aim of expanding the
information on the safety and efficacy of sacubitril/valsartan in different clinical
settings and at different dosages than those considered in PARADIGM-HF.!
TITRATION? showed that reaching the target levels of the drug more slowly, with
more gradual titration, does not compromise clinical benefit. The TRANSITION? study
and the subsequent PIONEER-HF* study showed that sacubitril/valsartan, started during
hospitalization after the hemodynamic stabilization, is effective and has a favourable
safety profile, even in patients with first-diagnosis HFrEF.

While the pathophysiological processes involved in the mechanism of action and the
clinical efficacy of sacubitril/valsartan have been described extensively in numerous
studies, there is still much to be investigated regarding the drug's impact on reverse
remodeling and other echocardiographic parameters.

Almufleh et al.®> described for the first time in 2017 significant improvements in some
of the parameters indicative of reverse remodelling in patients treated with
sacubitril/valsartan, observing a reduction in ventricular diameters, indexed myocardial
mass and ventricular volumes, without any difference in response rate between
ischaemic and non-ischemic patients, as also described in PARADIGM-HF.!

Martens et al.® in their study in 2018 demonstrated how sacubitril/valsartan promoted
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an improvement in systolic and diastolic function and a reduction in ventricular
volumes and the degree of mitral valve insufficiency, inducing a dose-dependent
reverse remodelling, which mainly occurred in women and non-ischemic patients, i.e.
in those patients who, unlike the others, reached the target dose.

With regard to the correlation with plasma levels of atrial natriuretic peptides, the
PROVE-HF’ study demonstrated a reduction in NT- proBNP concentrations correlated
with an improvement in several cardiac remodelling parameters, showing this result
also in three specific subgroups of patients: those with a new diagnosys of HFrEF, who
have never received ACEi1 or ARB therapy, those unable to reach the maximum dose
of sacubitril/valsartan, and those with natriuretic peptide concentrations below the
inclusion criteria for the PARADIGM-HF! study.

Finally, the PRIME study,® as well as demonstrating a reduction in regurgitant volume
and EROA in functional ischaemic mitral insufficiency, that was the primary endpoint
of the study, showed a reduction in telediastolic volume after 12 months of
sacubitril/valsartan therapy.

The 2017 study of Almufleh et al.” has as a specific limitation: the variability between
the methods used to assess ventricular function. Limitations common to all the studies
described are the failure to assess volumes and EF through 3D echocardiography,
currently considered the diagnostic gold standard method, and the failure to use the
analysis of myocardial deformation parameters of Speckle Tracking echocardiography,
which allows a more precise assessment of myocardial function in a practical and non-
invasive manner.

The aim of the present study was to assess reverse remodelling in patients with HFrEF
after six months of treatment with sacubitril/valsartan. Innovative and accurate
diagnostic methods were used, such as 3D echocardiography and two-dimensional
Speckle Tracking echocardiography, which are known to allow automatic and
reproducible assessment of ventricular volumes, ejection fraction, left atrium volume
and global longitudinal strain of the left ventricle and left atrium.

Additional echocardiographic parameters such as ventricular diameters and
thicknesses, indexed myocardial mass, indexed stroke volume, and ventricular filling
pressures were also evaluated.

Regarding right heart, size and function were assessed, with PAPS, TAPSE and S'TDI
estimated.

A further aim of the study was to analyse the clinical and echocardiographic baseline
characteristics of the patients in order to identify the presence of factors predictive of
significant reverse remodelling, and, thus, of response to sacubitril/valsartan therapy.
Finally, the wvariation in atrial natriuretic peptides plasmatic levels after
sacubitril/valsartan therapy was also evaluated.
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3.2 Materials and Methods

3.2.1 Patient selection

In this prospective longitudinal study, patients with heart failure with reduced ejection

fraction were enrolled, with the aim of assessing the response to medical therapy with

sacubitril/valsartan in terms of reverse remodelling, the impact of the drug on other

echocardiographic parameters such as myocardial deformation, and to identify

predictors of response to therapy. Finally, the variation in plasma atrial natriuretic

peptide levels after sacubitril/valsartan therapy was evaluated.

Patients whose conditions met the following inclusion criteria were considered eligible

for the study:

1) Patients over 18 years old;

2) Patients with heart failure with ejection fraction <35% symptomatic in NYHA
class II-1V;

3) Patients already being treated with maximum tolerated dosage of ACEi or ARB;

4) Patients naive to ACEi or ARB undergoing pre-treatment with either drug before
starting sacubitril/valsartan;

5) Outpatients;

6) Patients recently discharged after an episode of acute heart failure.

The exclusion criteria were as follows:
1) Symptomatic hypotension;
2) Systolic blood pressure <100 mmHg;
3) eGFR <30 mL/min/1.73m?;
4) Serum potassium levels >5.2 mmol/L;
5) History of angioedema,;
6) Adverse reactions during ACE1/ARB therapy;
7) Concomitant initiation of therapy capable of inducing reverse remodelling, such as
CRT implantation during follow-up or in the six months prior to screening.

In patients on ACE inhibitor therapy, the latter was discontinued at least 36 hours
earlier to minimise the risk of angioedema, which can be caused by increased
circulating bradykinin levels due to simultaneous ACE enzyme and neprilysin
inhibition. In patients already on therapy with a dosage of ACEi or ARB corresponding
to at least 50% of the target dose of sacubitril/valsartan, the drug was started with the
intermediate dosage 49/51 mg twice daily, while the lowest dosage, i.e. 24/26 mg twice
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daily, was used in patients in whom the dosage of ACEi or ARB was less than 50% of
the target dose, and also in those who were older, or had a history of renal insufficiency
or low baseline systemic tensor values (<110 mmHg).

Patients enrolled after an episode of acute heart failure started sacubitril/valsartan in
the period prior to discharge, in the case of patients already on ACEi or ARB therapy,
or after discharge and following treatment for at least one month with ACEi or ARB,
started during hospital stay, in the case of patients naive to RAAS inhibitor drugs.
Titration of the drug, depending on individual patient tolerance, was performed
approximately every fortnight, where possible.

Patients underwent a clinical examination, electrocardiogram, transthoracic color-
Doppler echocardiogram and blood tests, including NT-proBNP, before starting
sacubitril/valsartan and after six months of therapy.

Functional assessment was performed using the NYHA classification.
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3.2.2  2D/3D echocardiographic parameters

All patients enrolled underwent a 2D and 3D echocardiogram using a standard
commercial echocardiograph (GE Vivid E9 XD-Clear). Images were acquired in
supine lateral decubitus, with simultaneous recording of the electrocardiographic trace.
Regarding the morphology of the left ventricle, the end diastolic and end systolic
ventricular diameters indexed by body surface area, the thicknesses of the
interventricular septum and posterior wall, which were measured in the parasternal
long axis projection, were evaluated; myocardial mass measurements and relative
parietal thickness (RWT) were then derived, through which the ventricular geometry
of each patient was classified.’

Left ventricular function parameters were assessed by processing the 3D dataset
acquired with the HeartModel A.I. software, which allows a fully automated, valid and
reproducible quantification of the ejection fraction and simultaneously an estimation
of the volumes of the ventricle and left atrium. Stroke volume was estimated too, which
was calculated as the product of the cross-sectional area (CSA in cm2) by the integral
of the velocity-time curve of flow (VTI in cm) through that area. The diameter of the
outflow tract was measured in a parasternal long axis projection, placing the probe
parallel and immediately adjacent to the aortic valve in mesosystole, while the velocity
curve was recorded in an apical viewing plane by placing the sample volume at the
valve annulus. Using pulsed Doppler and placing the sample volume at the end of the
mitral valve leaflets, early diastolic filling velocity (E), atrial filling velocity (A), and
deceleration time (DT) were measured. Thrigh a small sample volume placed in the
myocardium at the septal and lateral insertion sites of the mitral leaflets, the septal E'
and lateral E' myocardial velocity were recorded; subsequently using the average of
these two velocities, the E/E' ratio was calculated. The indexed atrial volume was
measured in the apical 4- and 2-chamber views.’ Finally, the peak velocity of tricuspid
regurgitation was measured and, in accordance with the guidelines, the degree of
diastolic dysfunction of each patient was defined.!! Mitral and tricuspid valvular
insufficiencies were assessed using traditional echocardiographic parameters.’ Right
ventricle size, PAPS and function parameters, such as TAPSE and S'TDI, were also
assessed according to current guidelines.!?
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3.2.3  Imaging 2D-Speckle Tracking

To perform the 2D Speckle Tracking analysis, two-dimensional images were acquired,
synchronised with the electrocardiographic trace, in the apical 4-, 3- and 2-chamber
views, during apnoea to minimize the displacements related to breath acts, optimising
the sector width and increasing the frame-rate to a value at least above 60 Hz,
considering that the optimal range is between 60 and 110 Hz."?

The analysis of the acquired images was then performed offline using TomTec Imaging
Systems' innovative AutoSTRAIN software, which allows, through an automated and
reproducible tri-planar analysis, a rapid and valid measurement of the GLS (global
longitudinal strain) of the left ventricle. Using the same software, 2D speckle tracking
analysis was also performed to assess the function of the left atrium.!* For this purpose,
two-dimensional images were then acquired, with the same precautions as described
above, in the apical 4- and 2-chamber views, obviously with complete visualization of
the left atrial chamber.
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3.2.4  Statistical analysis

Statistical analysis was performed using SPSS statistics software v 20. All continuous
variables were expressed as mean + standard deviation. Categorical variables were
expressed as absolute value and percentage. Analysis of difference between groups was
performed by Student's t-test or Mann Whytney test for continuous variables and by x2
test for categorical variables. These analyses were performed both for independent
samples (in the inter-group comparison) and for paired data (in the comparison of pre-
and post-therapy data). The linear correlation between continuous variables was
analysed by means of Pearson's test. A value of p < 0.05 was considered statistically
significant.
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3.3 Results

3.3.1  Study population

A total of 43 patients were prospectively included in the study between November 2021
and March 2023. Three patients discontinued the drug due to symptomatic hypotension
and the appearance of skin rash, two patients died, and for a further six patients a
complete echocardiographic analysis could not be performed due to the suboptimal
acoustic window.

Thus, the final study population consisted of 32 patients presenting these main clinical
features: age 69.8 £ 12.7 years; ischemic etiology of the cardiomyopathy in 18 cases
(56%) and non-ischemic in 14 cases (44%); NYHA class III in 17 cases (53%) and
NYHA class Il in 15 cases (47%). EF of the total population was 29.5 + 5.7%; eGFR
75.7 = 30.7 ml/min; kalemia averaged 4.2 + 0.6 mmol/L, systolic blood pressure 126.4
+ 12.1 mmHg, NT-proBNP value 2930.9 + 550. All baseline characteristics are
summarized in Table 1.

At the time of the 6-month follow-up: 10 patients (31%) were treated with the dosage
24/26 mg, 16 patients (50%) with the dosage 49/51 mg, 6 patients (19%) with the
dosage 97/103 mg (Figure 1); in 27 patients (84%) an improvement of the NYHA class
was documented, in 5 patients (16%) there was no change of the NYHA class. None
of the patients reported a worsening of their clinical-functional status. No significant
differences were found in creatinine, potassium, and systolic blood pressure values.
There was, however, a clear decrease in the NT-proBNP value (1081.6 &+ 950 pg/ml).
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3.3.2  Echocardiographic parameters

After six months of medical therapy with sacubitril/valsartan several
echocardiographic parameters improved significantly in the entire study population:
DTD (64.6 £ 5.2 mm vs. 61.0 £ 5.7 mm, p = 0.001), DTS (51.6 + 6.8 mm vs. 47.0 +
7.5 mm, p = 0.001), index mass (196.0 +43.0 g/m? vs. 175.9 + 50.4 g/m?, p = 0.002),
VTSi (70.4 £ 23.2 ml/m? vs. 55.4 + 23,8 ml/m?, p= 0.000), VTDi (99.2 + 29.0 ml/m2
vs 87.5 £29.8 ml/m?, p= 0.001), FE (29.5 + 5.7% vs 38.0 + 7.4%, p=0.000), GLS (-
9.3 + 3% vs -12.8 + 4%, p=0.000), global LAS (13.6 = 5.0 vs 18.0 + 8.0%), PAPS
(34.8 £9.9 mmHg vs 29.8 = 5.7 mmHg, p=0.014), mean E/e'mean (13.5 + 6.0 vs 10.0
+ 2.4, p=0.002). These parameters are shown in Table 2.

No significant changes were found in right ventricular function parameters: TAPSE
(18.6 £ 4.0 mm vs. 19.4 £ 3.0 mm, p = 0.17), S' TDI (10.4 + 2.6 cm/s vs. 11.0 £ 2.4
cm/s, p = 0.18).

On the basis of previous studies in literature, patients were classified as 'super
responders' to sacubitril/valsartan therapy, who showed an improvement in EF greater
than or equal to 5 percentage points over baseline after 6 months of therapy, and
'responders' those who did not show such this improvement. Using this criterion, 13
(41%) of the patients in the study population were classified 'responders' and 19 (59%)

15-16

were 'super responders'.

The baseline characteristics of the two groups of patients were compared in order to
identify factors predictive of reverse remodelling and thus of response to therapy. In
the 'responders' group more severe left ventricular remodelling before treatment was
documented, in particular higher VTDi values, as well as higher indexed atrial
volumes. In contrast, no differences were observed in creatinine, kalemia, systemic
blood pressure, ischaemic etiology of cardiomyopathy and the remaining
echocardiographic parameters, such as those indicative of diastolic or right ventricular
function. The comparison between the groups is shown in Table 3.

Although no improvement in EF greater than 5 points was observed in the 'responders'
group at 6 months after the start of treatment, an improvement in global ventricular and
atrial strain was also observed in this group, although less marked than the other group
(Table 4).
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Table 1. Clinical and echocardiographic characteristics of the population
before treatment with sacubitril/valsartan.

Clinical features

Study population (n=32)

Age (years) 69.8 £ 12.7
Gender (% women) 5/32 (16%)
Hypertension 25/32 (78%)
Diabetes mellitus 1/32 (3%)
Dyslipidemia 18/32 (56%)
Smokers 13/32 (41%)
Ischemic heart disease 18/32 (56%)
NYHA class II 15/32 (47%)
NYHA class I1I 17/32 (53%)
Systolic pressure (mmHg) 126.4 £ 12.1
Diastolic pressure (mmHg) 783 +7.3
Heart rate (bpm) 70.5+12.9
K+ (mEq/1) 42+0.6
Creatinine (mg/dl) 1.16£0.4
GFR (ml/min) 75.7+30.7
Hemoglobin (gr/dl) 13.5+1.9
NT-proBNP (pg/ml) 2930.9 + 550
Echocardiographic parameters Study population (n=32)
EDD (mm) 64.6 +5.2
ESD (mm) 51.6 £ 6.8
IVS (mm) 10.7 £ 1.8
PW (mm) 100+ 1.2
LV mass i (g/m2) 196.0 £ 43.0
EDVi (ml/m2) 99.2+£29.0
ESVi (ml/m2) 70.4 +23.2
3D EF (%) 29.5+£5.7
SVi (ml/m2) 32.6+104
Average E/e’ 13.5+6.0
LAVi (ml/m2) 53.1+24.3
MR ( =II degree) (%) 14/32 (44%)
TTG (mmHg) 27.6+£9.2
PAPs (mmHg) 348+99
TAPSE (mm) 18.6 £4.0

S' TDI (cm/s) 10.4+£2.6
TR ( =II grade) (%) 6/32 (19%)
Speckle tracking analysis Study population (n=32)
GLS (%) -9.3+3.0
LAS (%) 13.6£5.0
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Figure 1. Sacubitril/valsartan dosage achieved at follow-up after six months of

treatment.
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Table 2. Comparison of echocardiographic and clinical parameters before

and after six months of treatment with sacubitril/valsartan.

Clinical features Before treatment After 6 I.nonths of P value
sacubitril/valsartan
Systolic pressure (mmHg) 126.4 +12.1 121.0+15.0 0.09
Diastolic pressure (mmHg) 783+7.3 72.0+7.0 0.08
Heart rate (bpm) 70.5+12.9 67.0+8.0 0.07
K+ (mEg/l) 42+0.6 44+0.5 0.123
Creatinine (mg/dl) 1.16+ 0.4 1.2+0.5 0.66
GFR (ml/min) 75.7+30.7 74.0 +£29.6 0.42
NYHA 2.6+0.5 1.5+0.7 0.04
NT-proBNP (pg/ml) 2930.9 + 950 1081.6 =950 0.05
Echocardiograpic Before treatment After 6 Iponths of P value
parameters sacubitril/valsartan
EDD (mm) 64.6+5.2 61.0+5.7 0.001
ESD (mm) 51.6+6.8 47.0£7.5 0.001
LV mass i (g/m2) 196.0 £43.0 175.9 + 50.4 0.002
EDVi (ml/m2) 99.2+29.0 87.5+29.8 0.001
ESVi (ml/m2) 70.4+23.2 55.4+23.8 0.000
3D EF (%) 29.5+5.7 38.0+7.4 0.000
SVi (ml/m2) 326+104 345+84 0.24
Average E/e’ 13.5+£6.0 10.0£2.4 0.002
LAVi (ml/m2) 53.1+243 51.0+25.7 0.27
MR ( >II degree) (%) 14/32 (44%) 9/32 (28%) 0.05
TTG (mmHg) 27.6+9.2 23.6+8.3 0.091
PAPs (mmHg) 348+9.9 29.8+5.7 0.014
TAPSE (mm) 18.6 4.0 19.4+3.0 0.17
S' TDI (cm/s) 10.4+2.6 11.0+24 0.18
TR ( =II grade) (%) 6/32 (19%) 4/32 (13%) 0.05
Speckle tracking analysis Before treatment ilt:lelll')gl‘rir;xf;lsl:lzgn P value
GLS (%) -93+£3.0 -12.8£4.0 0.003
LAS (%) 13.6+5.0 18.0+ 8.0 0.005
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Table 3. Comparison of clinical and echocardiographic characteristics between
'super responders' and 'responders' patients.

Clinical features (Sl:‘i’f; g";%“de“ Efj{’;’“ffr/s) P value
Age (years) 66.4 + 13.5 70.0+12.6 0.27
Gender (% women) 3 (16%) 2 (15%) 0,96
Arterial hypertension 18 7 0.001
Systolic pressure (mmHg) 1279+ 11.2 1242+ 13.0 0.23
Diastolic pressure (mmHg) 77.6 6.3 79,2 £ 8.5 0.38
GFR (ml/min) 77.0 £28.2 73.6 +£34.1 0.66
CAD 10 8 0.48
Diabetes mellitus 0 2 0.082
Dyslipidemia 11 7 0.74
NYHA 25+£0.6 2.6+0.5 0.54
NT-proBNP (pg/ml) 1978.69 £+ 350 467.74 £ 250 0.03
Echocardiograpic Super responders Responders P value
parameters (n=19, 59%) (n=13, 41%)

EDD (mm) 64.0+5.2 65.5+4.9 0.285
ESD (mm) 50.2+6.3 53.8+7.0 0.075
Indexed LV Mass (g/m2) 198.5 £39 192.8 £49 0.338
EDVi (ml/m2) 92.4+25 109 + 31 0.013
ESVi (ml/m2) 66.3 £ 21 76.4 +25 0.147
3D EF (%) 289+6.3 304+4.7 0.380
Average E/e’ 126+3.4 14.7+ 8.6 0.22
LAVi (ml/m2) 46.0 £ 14 63.3+314 0.004
PAPs (mmHg) 341194 35.8+10.6 0.5
TAPSE (mm) 182+4.2 19.1+£3.5 0.34

S' TDI (cm/s) 10325 10.6 £2.7 0.59
Speckle tracking analysis (S;lff;’ g«;s(%nders E::f g’nff (l,‘/: ) P value
GLS (%) 9.8+3.4 8.5+2.1 0.152
LAS (%) 13.1£49 142+57 0.430
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Table 4. Comparison of atrial and ventricular strain between 'super responders'

and 'responders' patients before and after treatment.

Speckle tracking analysis in super responders (n=19, 59%)

Before After 6 months of P val

treatment sacubitril/valsartan value
GLS (%) 9.8 +3.4 145+ 4.0 0.02
LAS (%) 13.6+5.1 19.5+9.2 0.01
Speckle tracking analysis in responders (n=13, 41%)

Before After 6 months of P val

treatment sacubitril/valsartan value
GLS (%) 85+2.1 -10.5+2.6 0.01
LAS (%) 14.1+6.0 17.3 + 8.4 0.02
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3.4 Discussion

The main pharmacological classes representing the historical pillars in the treatment of
patients with HFrEF (ACEi, ARB, beta-blockers, MRA) have been shown to prevent
ventricular remodelling and, in some cases, to induce reverse remodelling, thus leading
to a gradual improvement in cardiac function and consequently in patients' prognosis. !’
In a PARADIGM-HF analysis of a total of 2067 patients in the study was found that in
patients with HFrEF, biomarkers associated with profibrotic signalling are altered and
that sacubitril/valsartan significantly reduces many of these biomarkers (such as
aldosterone, sST2, TIMP-1, MMP-9, PINP and PIIINP).!® As well known, one of the
histological signs of advanced heart failure is the progressive increase in the collagen
content of the heart. Reactive fibrosis, which may present as perivascular or interstitial
fibrosis, and 'replacement' fibrosis, which develops in response to cardiomyocyte cell
necrosis represent two processes that contribute to the structural and functional cardiac
changes'*2V that in patients with HFrEF are associated with abnormalities in systolic
and diastolic function, altered myocardial perfusion and a propensity to develop both
atrial and ventricular arrhythmias, and thus an increased risk of sudden cardiac death.?
The described characteristic of sacubitril/valsartan to exert an antiarrhythmic effect and
potentially induce reverse remodelling may be attributable, at least in part, to its role
in the profibrotic signalling pathway.?

The study subject of this thesis demonstrates that sacubitril/valsartan leads to a
reduction in the size and volume of the left ventricle, an increase in the ejection fraction

and in the ventricular and atrial GLS, thus confirming other data®**"

already found in
literature, which indicate the possibility of reverse remodelling. The described
improvement in ventricular function occurred more in 'super responders' patients who
had less left ventricular dilatation before the start of therapy. In contrast, a more severe
degree of both ventricular and atrial cardiac remodelling at baseline assessment was
observed in the group of 'responders' patients. It seems likely that the explanation for
this finding lies in the consideration that 'responders' patients may be those most
compromised, both clinically, so as to be in a NYHA class higher than II, and
structurally in terms of greater myocardial dilatation and fibrosis, 1.e. with significant
ultrastructural remodelling. In fact, heart failure with reduced ejection fraction is a
progressive pathology, with phases of apparent stability, alternating with worsening
phases that may require hospitalization and contribute to accelerating structural
deterioration, characterized precisely by myocardial fibrosis, remodelling, dysfunction
and ventricular dilatation. Since less frequent hospitalization leads to longer survival,
early treatment of patients in NYHA class Il may help to slow down the progression of
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decompensation to more severe forms. Thus, sacubitril/valsartan should be seen, not
so much as a drug to be used in cases that do not respond to treatment with ACEi or
ARB, but as a "disease modifying" therapy being able to act on the pathological
pathway of heart failure from the very beginning.?®

In addition to the favourable effect in terms of reverse remodelling, the results of this
study demonstrate the ability of sacubitril/valsartan to improve symptoms. An
improvement in NYHA class was found in almost all patients, which was partially
attributable to the reduction in PAPS values and left ventricular filling pressure
documented through echocardiography. Furthermore, we documented an improvement
in atrial and ventricular strain values not only in 'super responders' but also in
'responders' group, although less marked than in the former. As well known, left
ventricle is the fundamental determinant of left atrial afterload. In fact, the progressive
increase in ventricular volume and pressure causes an increase in atrial wall stress and
a progressive deterioration of its function, which can be assessed precisely through
longitudinal strain. This parameter, which is mainly an expression of atrial reservoir
function, has shown excellent sensitivity and specificity in predicting filling pressures;
in fact, its strong correlation with PCWP values has been demonstrated both in patients
with preserved EF and in those with reduced EF.? In the latter group of patients, the
assessment of E/e' ratio does not always correlate well with ventricular filling
pressures, as is more often the case in patients with preserved ejection fraction.
Therefore, a reduction in longitudinal atrial strain values in patients with reduced EF
may be a very useful index to consider, also because of its prognostic value, given its
demonstrated correlation with NYHA class.°
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3.5 Limitations of the study

The main limitation of the study is the limited sample size, so that it was not possible
to describe whether 'responders' included more ischaemic patients or not and whether
ventricular remodelling was dose-dependent. Regarding the latter point, the only
possible observation is that of the entire study population, only six patients in the super-
responder group were able to reach and maintain the target dosage of 97/103 mg twice
daily.

Moreover, it was not possible to study the impact of the drug on the right ventricle due
to the impossibility of performing an accurate early detection of morphofunctional RV
parameters, a limitation linked to the right ventricle geometry, position and functional
characteristics. It is not possible, in fact, to carry out an assessment of potential right
ventricular dysfunction, a condition which very often manifests itself only when the
right ventricle is already severely compromised.
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3.6 Conclusions

Based on the findings of this study, it can be concluded that in patients with HFrEF
sacubitril/valsartan significantly improves the parameters of reverse remodelling. This
result tends to occur more significantly in patients with a lower degree of ventricular
dilatation. In accordance with these considerations, the drug should be used early and
independently of the apparent clinical "stability" in order to avoid further progression
of ventricular remodelling.

These results and considerations are in line with the direction taken by the latest 2021
European Society of Cardiology heart failure guidelines, which have included ARNI
as a therapeutic option also in mildly reduced ejection fraction, albeit with
recommendation class IIb.

Further studies in support of these considerations may lead to an indication of
sacubitril/valsartan since an earlier stage of the disease, such as in heart failure with
preserved ejection fraction.

54



Bibliography

1 Packer M. et al “Angiotensin receptor neprilysin inhibition compared with enalapril on the risk of
clinical progression in surviving patients with heart failure” Circulation 2015

2 Senni M, McMurray JJV et al “Initiating sacubitril/valsartan (LCZ696) in heart failure: results
of TITRATION, a double-blind, randomized comparison of two uptitration regimens”. Eur J Heart
Fail. 2016; 18:111193-202

3 Wachter R, Senni M, Belohlavek J, Bu- tylin D, Noe A, Pascual-Figal D; “Initiation of sacubitril/
valsartan in hospitalized patients with heart failure with reduced ejection fraction after
hemodynamic stabilization: primary results of the TRANSITION study”. Eur Heart J
2018;39:ehy564.P886

4 Velazquez EJ, Morrow DA, DeVore AD, et al. “Rationale and design of the comparison of
sacubitril/valsartan versus enalapril on effect on NT-proBNP in patients stabilized from an acute
heart failure episode (PIONEER-HF). “Am Heart J 2018;198:145- 51

5 Almufleh A. et al. “Ejection fraction improvement and reverse remodeling achieved with
Sacubitril/Valsartan in heart failure with reduced ejection fraction patients.” Am J Cardiovascular
Disease 2017 Dec 20;7(6):108-113. eCollection 2017

6 Martens P et al. “The reverse remodeling response to sacubitril/valsartan therapy in heart failure
with reduced ejection fraction.” Cardiovasc Ther. 2018 Aug;36(4):¢12435. doi: 10.1111/1755-
5922.12435. Epub 2018 Jun 7

7 Januzzi JL et al. “Rationale and methods of the Prospective Study of Biomarkers, Symptom
Improvement, and Ventricular Remodeling During Sacubitril/Valsartan Therapy for Heart Failure
(PROVE-HF).” Am Heart J. 2018 May;199:130-136. doi: 10.1016/j.ahj.2017.12.021. Epub 2018 Feb

8 Kang DH et al. “Angiotensin receptor neprilysin inhibitro for functional mitral regurgitation
PRIME study.” Circulation 2019; 139:1354-65

9 M. Galderisi, B. Cosyns, T. Edvardsen, N. Cardim, V. Delgado, G. Di Salvo, et al,
“Standardization of adult transthoracic echocardiography reporting in agreement with recent
chamber quantification, diastolic function, and heart valve disease recommendations: an expert

consensus document of the European Association of Cardiovascular Imaging,” Eur. Heart J.
Cardiovasc. Imaging 12 (2018) 1301-1310.

10 G. Tamborini, C. Piazzese, R.M. Lang, M. Muratori, E. Chiorino, M. Mapelli, et al., "Feasibility
and accuracy of automated software for transthoracic three-dimensional left ventricular volume and
function analysis: comparisons with two-dimensional echocardiography, three-dimensional trans-

thoracic manual method, and cardiac magnetic resonance imaging” J. Am. Soc. Echocardiogr. 30
(2017) 1049-1058.

11 S.F.Nagueh, O.A. Smiseth, C.P. Appleton, B.F. Byrd, H. Dokainish, T. Edvardsen, et
al., "Recommendations for the evaluation of left ventricular diastolic function by echocardiography:

an update from the American Society of Echocardiography and the European Association of
Cardiovascular Imaging” J. Am. Soc. Echocardiogr. 29 (2016) 277-314.

55


https://www.ncbi.nlm.nih.gov/pubmed/?term=Almufleh%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=29348971
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martens%20P%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=29771478

12 L.G. Rudski, W.W. Lai, J. Afilalo, L. Hua, M.D. Handschumacher, K. Chandraseckaran, et al.,
“Guidelines for the echocardiographic assessment of the right heart in adults:a report from the
American Society of Echocardiography endorsed by the European Association of Echocardiography,
a registered branch of the European Society of Cardiology, and the Canadian Society of
Echocardiography,” J. Am. Soc.Echocardiogr. 23 (2010) 685-713.

13 J.U. Voigt, G. Pedrizzetti, P. Lysyansky, T.H. Marwick, H. Houle, R. Bauman, et al., “Definitions

for a common standard for 2D speckle tracking echocardiography: consensus document of
EACVI/ASE/Industry Task Force to standardize deformation imaging,” Eur. Heart J. Cardiovasc.
Imaging 16 (2015) 1-11.

14 L.P. Badano et al., "Standardization of left atrial, right ventricular, and right atrial deformation
imaging using two-dimensional speckle tracking echocardiography: a consensus document of the
EACVI/ASE/Industry Task Force to standardize deformation imaging,” Eur. Heart J. Cardiovasc.
Imaging 19 (2018) 591-600.

15 Cintron G, Johnson G, Francis G, Cobb F, Cohn IN. “Prognostic significance of serial changes
in left ventricular ejection fraction in patients with congestive heart failure. The V-HeFT VA
Cooperative Studies Group.” Circulation. 1993 Jun;87(6 Suppl):VI17-23

16 Wong M!, Staszewsky L, Latini R, Barlera S, Glazer R, Aknay N, Hester A, Anand I, Cohn JN.
“Severity of left ventricular remodeling defines outcomes and response to therapy in heart failure:
Valsartan heart failure trial (Val-HeFT) echocardiographic data.” J Am Coll Cardiol. 2004 Jun
2;43(11):2022-7

17 Filho J et al. “Reverse cardiac remodeling: a marker of better prognosis in heart failure.” Arq

Bras Cardiol 2015;104(6):502-6

18 Zile MR et al. “Effects of sacubitril/valsartan on biomarkers of extracellular matrix regulation in
patients with HFrEF.” J] Am Coll Cardiol. 2019;73:795-806.

19 Gonzalez A, Schelbert EB, Diez J, Butler J. “Myocardial interstitial fibrosis in heart failure:
biological and translational perspectives.” J Am Coll Cardiol 2018;71:1696—-706.

20 Schelbert EB, Piehler KM, Zareba KM, et al. “Myocardial fibrosis quantified by extracellular
volume is associated with subsequent hospitalization for heart failure, death, or both across the
spectrum of ejection fraction and heart failure stage.” ] Am Heart Assoc 2015;4:¢002613.

21 Bradshaw AD. “The extracellular matrix.” In: Bradshaw RA, Stahl PD, editors-in-chief.
Encyclopedia of Cell Biology. Vol. 2. Waltham, MA: Academic Press, 2016:694—703.

22 Gulati A, Jabbour A, Ismail TF, et al. “Association of fibrosis with mortality and sudden cardiac
death in patients with nonischemic dilated cardiomyopathy.” JAMA 2013;309:896-908.

23 De Diego C, Gonzélez-Torres L, Nufiez JM, Centurion Inda R, Martin-Langerwerf DA, Sangio
AD, Chochowski P, Casasnovas P, Blazquéz JC, Almendral J. “Effects of angiotensin-neprilysin
inhibition compared to angiotensin inhibition on ventricular arrhythmias in reduced ejection fraction
patients under continuous remote monitoring of implantable defibrillator devices.” Hear Rhythm.
2018;15:395-402.

56


https://www.ncbi.nlm.nih.gov/pubmed/?term=Cintron%20G%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8500235
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20G%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8500235
https://www.ncbi.nlm.nih.gov/pubmed/?term=Francis%20G%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8500235
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cobb%20F%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8500235
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohn%20JN%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8500235
https://www.ncbi.nlm.nih.gov/pubmed/8500235
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Staszewsky%20L%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Latini%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barlera%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glazer%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aknay%20N%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hester%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anand%20I%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohn%20JN%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=15172407
https://www.ncbi.nlm.nih.gov/pubmed/15172407

24 Almufleh A. et al. “Ejection fraction improvement and reverse remodeling achieved with
Sacubitril/Valsartan in heart failure with reduced ejection fraction patients.” Am J Cardiovascular
Disease 2017 Dec 20;7(6):108-113. eCollection 2017.

25 Martens P et al. “The reverse remodeling response to sacubitril/valsartan therapy in heart failure
with reduced ejection fraction.” Cardiovasc Ther. 2018 Aug;36(4):¢12435. doi: 10.1111/1755-
5922.12435. Epub 2018 Jun 7.

26 Januzzi JL et al. “Rationale and methods of the Prospective Study of Biomarkers, Symptom
Improvement, and Ventricular Remodeling During Sacubitril/Valsartan Therapy for Heart Failure
(PROVE-HF).” Am Heart J. 2018 May;199:130-136. doi: 10.1016/j.ahj.2017.12.021. Epub 2018 Feb

27 Kang DH et al. “Angiotensin receptor neprilysin inhibitro for functional mitral regurgitation
PRIME study.” Circulation 2019; 139:1354-65

28 E. Fabris et al. “Sacubitril/valsartan: Updates and Clinical Evidence for a Disease-modifyng
Approach” Heart Fail Rev 21(1):65-76

29 Cameli et al. (2016) “Left atrial strain: a new parameter for assessment of left ventricular filling
pressure” Heart Fail Rev 21(1):65-76

30 Rosca M. et al. (2010) “Left atrial dysfunction as a correlate of heart failure symptoms in
hypertrophic cardiomyopathy’ Drugs 2019 79: 1543-1556

57


https://www.ncbi.nlm.nih.gov/pubmed/?term=Almufleh%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=29348971
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martens%20P%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=29771478

