
IJC Heart & Vasculature 31 (2020) 100656
Contents lists available at ScienceDirect

IJC Heart & Vasculature

journa l homepage: www. journals .e lsevier .com/ i j c -hear t -and-vascula ture
Effects of sacubitril valsartan on clinical and echocardiographic
parameters of outpatients with heart failure and reduced ejection
fraction
https://doi.org/10.1016/j.ijcha.2020.100656
2352-9067/� 2020 The Author(s). Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Department of Medical and Surgical Sciences,
University of Bologna, Via Massarenti 9, Bologna, BO 40138, Italy.

E-mail address: federicamariasolepiani@gmail.com (F. Piani).
1 These authors contributed equally.
Matteo Landolfo b,1, Federica Piani b,⇑,1, Daniela Degli Esposti a, Eugenio Cosentino a, Stefano Bacchelli a,
Ada Dormi b, Claudio Borghi b

aCardio-Thoraco-Vascular Department, Azienda Ospedaliero Universitaria S.Orsola Malpighi, Bologna, Italy
bDepartment of Medical and Surgical Sciences, University of Bologna, Bologna, Italy

a r t i c l e i n f o a b s t r a c t
Article history:
Received 11 August 2020
Received in revised form 23 September
2020
Accepted 29 September 2020
Available online 22 October 2020

Keywords:
Sacubitril valsartan
Entresto
Reverse remodelling
Sex differences
Heart failure
Echocardiography
Aim: Sacubitril valsartan (SV) has revolutionized disease history in patients with heart failure and
reduced ejection fraction (HFrEF). Our study assessed SV impact on clinical and echocardiographic
parameters in HFrEF outpatients previously treated with optimized therapy.
Methods: Forty-nine HFrEF outpatients were retrospectively included in the study. We collected data
from transthoracic echocardiography and clinical assessment at baseline and after 3 ± 1 and
12 ± 1 months of treatment with SV. Results were also stratified by sex to analyse possible sex-based dif-
ferences in reverse remodelling response to SV.
Results: After 3 months of treatment we observed a significative improvement of both systolic and dias-
tolic function with a reduction of left ventricular mass and relative wall thickness (RWT). At 12 months
we observed a further improvement of all previous parameters, plus systolic pulmonary artery pressure
(PAP) and left atrial (LA) diameter. In women, most of the echocardiographic parameters improved after
SV initiation, but did not reach the statistical significance, except for left ventricular ejection fraction
(LVEF), PAP and LA diameter. As for clinical parameters, SV improved New York Heart Association
(NYHA) Class, systolic blood pressure and loop diuretic dosage with a mild but significative increase in
serum creatinine and potassium.
Conclusion: Our study showed significative reverse remodelling properties of SV with an improvement of
LV volumes, mass and systo-diastolic function. NYHA Class, systolic blood pressure and loop diuretic
dosage also improved with only mild increase in serum creatinine and potassium. Women showed a les-
ser extent of reverse remodelling compared with men.
� 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prevalence of heart failure (HF) in Italy is approximately 1.5%,
representing one of the major health problems in the industrial-
ized world. Direct costs of HF in Western Countries vary between
1% and 3% of total health spending [1]. Furthermore, HF is the main
cause of hospitalizations in the elderly [2]. About 50% of HF
patients shows a reduced ejection fraction, with ischemic car-
diomyopathy being the main cause of systolic dysfunction [3]. Key-
stone therapeutic strategies for heart failure and reduced ejection
fraction (HFrEF) involve angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin-receptor blockers (ARBs), beta blockers (BBs)
and mineralocorticoid receptor antagonists (MRAs). These thera-
pies had largely demonstrated to reduce morbidity and mortality,
but the new pharmacological class of angiotensin receptor neprily-
sin inhibitors (ARNIs) appears to further improve symptoms and
prognosis, having been incorporated into the last HF guidelines
[4,5]. Sacubitril-valsartan (SV) is the first example of ARNIs and
its safety and efficacy in chronic HFrEF patients were assessed in
the PARADIGM-HF trial [5]. However, the property of SV to realize
a reverse remodeling has not been extensively investigated so far,
even if myocardial remodelling has shown to correlate with HF
severity and demonstrated an important prognostic value [6].
Three clinical studies and a metanalysis showed a further improve-
ment of cardiac reverse remodelling with SV compared to ACEi or

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2020.100656&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijcha.2020.100656
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:federicamariasolepiani@gmail.com
https://doi.org/10.1016/j.ijcha.2020.100656
http://www.sciencedirect.com/science/journal/23529067
http://www.journals.elsevier.com/ijc-heart-and-vasculature


M. Landolfo, F. Piani, Daniela Degli Esposti et al. IJC Heart & Vasculature 31 (2020) 100656
ARBs [7–10]. Other clinical studies confirmed long term [11–15]
and short term [16–20] improvement in left ventricular ejection
fraction (LVEF). SV treatment could induce also an improvement
in atrial dimensions [7,10,13–15,19], mitral regurgitation (MR)
[9,16], left ventricular mass (LVM) index [8,10,17], diastolic func-
tion [7,15,16], left ventricle end-systolic volume (ESV) [7,10,13–
17,19,20] and end-diastolic volume (EDV) [7,9,10,13,15–
17,19,20], and right ventricle function [14,20]. However, there is
a great variability between studies conducted so far and it is still
unknown which echocardiographic parameters are more subjected
to improve during ARNI. Furthermore, the timing of reverse cardiac
remodelling induction after SV initiation has not been fully eluci-
dated. Our study aimed to assess the effects of SV on echocardio-
graphic and clinical parameters both in the short and long time
follow up. In addition, we sorted the results by sex in order to anal-
yse possible sex-related differences in echocardiographic
outcomes.
2. Methods

2.1. Study population

In this retrospective cohort study, forty-nine consecutive HFrEF
outpatients referred to our heart failure clinic were enrolled.
Patients were defined eligible for SV therapy in accordance to the
PARADIGM-HF [5] clinical and safety criteria. Exclusion criteria
included concomitant therapy known to induce reverse remod-
elling (eg, Cardiac Resynchronization therapy (CRT)), any acute ill-
ness requiring hospitalization during study follow-up or in the
previous 12 months, any change of home medications in the
2 weeks before SV initiation, and any change of other neurohor-
monal blockers (e.g. BBs and MRAs) doses during the follow-up.
Baseline and follow-up clinical history, physical examination, vital
signs, blood tests (haemoglobin, creatinine, uric acid, electrolytes),
home medications and standard transthoracic echocardiography
(TTE) parameters were collected. SV initial dose was 24/26 mg
for most of the participants. A starting dose of 49/51 mg was used
for subjects on a previous high dose of ACEi/ARB and blood pres-
sure values �140/90 mmHg at the initial visit. Follow-up visits at
3 ± 1 and 12 ± 1 months after SV initiation were scheduled as
per regular follow-up. Modifications of SV doses were at discretion
of the treating physician. All patients provided informed consent
and the study was approved by the local ethical committee
(Azienda Ospedaliero – Universitaria di Bologna, Policlinico S.
Orsola-Malpighi) in accordance to the declaration of Helsinki.
2.2. Echocardiographic measurements

All the standard TTE exams were performed with a commer-
cially available system [Philips Affiniti 50C]. Images were acquired
in the left lateral decubitus position by the same well-trained
sonographer. All reported echocardiography measures were aver-
aged from 3 consecutive cycles [or 5 if atrial fibrillation was pre-
sent] and assessed as recommended by the American Society of
Echocardiography and the European Association of Cardiovascular
Imaging [21]. All patients underwent baseline and follow-up
echocardiography with the same machine and sonographer. Regis-
tered parameters were: LVEF, EDV, ESV, LVM, linear LV dimensions
[left ventricular posterior wall diastolic diameter (LVPWd), inter-
ventricular septum diastolic diameter (IVSd), left ventricular inter-
nal diastolic diameter (LVIDd), RWT, E/A, deceleration time (DT),
severity of MR, left atrial (LA) diameter, systolic pulmonary artery
pressure (PAP), tissue-Doppler Imaging (TDI). EDV and ESV were
measured from 4 + 2 chamber apical view. LVEF was calculated
using the Simpson biplane method. Mitral flow velocities were
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recorded using an apical 4-chamber image, placing a pulsed wave
Doppler sample velocities and recording their ratio (E/A). DT of the
E-wave was recorded as the time interval from peak early mitral
filling to an extrapolation of the deceleration to 0 m/s. RWT was
calculated as septal wall thickness + posterior wall thickness
divided by LV diastolic diameter from parasternal long axis view
M-mode. LV mass was assessed with leading edge-to-leading-
edge 2D method from parasternal long axis view. Severity of MR
was assessed from 4-chamber apical and parasternal long axis
views using color Doppler imaging and combining color jet area
and vena contracta measures, with a severity grading from 0 [ab-
sent] to 3 [severe]. LA diameter was calculated from apical four
chambers and long axis view. PAP was estimated combining a con-
tinuous wave Doppler regurgitate tricuspid jet signal and inferior
vena cava diameter. TDI was also performed to assess alternative
left ventricular systolic and diastolic function parameters, such as
S peak velocity [cm/s] and E/e’ ratio, with results expressed as
mean values of septal and lateral measures.
2.3. Statistical analysis

Continuous variables were presented as the mean ± standard
deviation (SD). Categorical variables were expressed as number
and percentage. Continuous variables with a normal distribution
were compared using Student’s t test for paired data, and with a
non-normal distribution using the Wilcoxon-signed rank test. Sta-
tistical significance of differences between categorical variables
was tested using the McNemar-Bowker test with Bonferroni cor-
rection. A secondary analysis of echocardiographic outcomes strat-
ified by sex was also made. All the analyses were conducted in SPSS
version 23 [SPSS Inc., Chicago, IL, USA], Microsoft Windows ver-
sion, and p � 0.05 from 2-sided tests was considered statistically
significant.
3. Results

3.1. Population

A total of 49 patients were recruited in the study. Principal
baseline characteristics are outlined in Table 1. Before starting
the treatment with SV, 56.8% were on ACE-Is and 43.2% on ARBs.
93.9% of patient’s therapy included BBs, 87.8% loop diuretics, and
57.1% MRAs. Mean dosages of furosemide and canrenone were
82.0 ± 73.6 mg and 35.7 ± 17 mg respectively. SV starting doses
were 24/26 mg [38, 77.5%] and 49/51 mg [11, 22.4%]. During the
study period, when safety criteria were maintained, the treating
physician titrated SV dose until the maximum tolerated dose for
each patient. At 12 ± 1 months follow up, 15 [30.6%] patients were
on maximum SV dosage [97/103 mg bid], 20 [40.8%] on 49/51 mg
and 14 [28.6%] remained on 24/26 mg.
3.2. 3 ± 1 months follow up

3.2.1. Echocardiography
At 3 ± 1 months follow-up (Table 2), there was a significant

increase in LVEF [33.8 ± 6.8 to 47.2 ± 10.6%; p < .001], LVPWd
[1.04 ± 0.19 to 1.15 ± 0.18 cm; p .018], and RWT [0.36 ± 0.08 to
0.43 ± 0.09; p .001]. A significant reduction of LVM [273.7 ± 67.2
to 262.6 ± 67.0 g; p .036], LVIDd [6.0 ± 0.7 to 5.6 ± 0.6 cm;
p < .001], EDV [169.7 ± 51.4 to 128.2 ± 46.7 mL; p < .001] and
ESV [119.6 ± 47.5 to 69.5 ± 34.6 mL; p < .001] was also observed.
Despite non-significant, we observed a reduction in LA diameter
[5.0 ± 0.8 to 4.8 ± 0.8 cm] and E/A [1.2 ± 0.9 to 0.9 ± 0.5]. Sorting
the results by sex, we found that LVM, RWT, LVIDd, EDV, ESV,



Table 1
Principal clinical characteristics at baseline and at 3 and 12 months follow-up.

Baseline 3 months 12 months

Age [years] 76 ± 11 years
Sex [male] 35 [71.4%]
Aetiology of HF:

Ischemic
Valvular
Hypertensive
Dilatative

32 [65.3%]
8 [16.3%]
36 [73.5%]
5 [10.2%]

BMI [kg/mq] 26.7 ± 4.8
SBP [mmHg] 127 ± 14 122 ± 14 119 ± 16 *
DBP [mmHg] 73 ± 12 72 ± 11 73 ± 10
Pulse rate [b.p.m] 70 ± 15 67 ± 11 65 ± 11
NYHA Class

1
2
3

0 [0%]
36 [36%]
13 [26.5%]

17 [34.7%]
30 [61.3%]
2 [4%]

26 [53%]
23 [47%]
0 [0%]

Comorbidities:
Hypertension
Diabetes
COPD
Dyslipidaemia
CKD
Anaemia
Hyperuricemia

43 [87.8%]
15 [30.6%]
18 [36.7%]
42 [85.7%]
39 [79.6%]
12 [24.5%]
33 [67.3%]

AF 23 [46.9%]
Smoke History 15 [30.6%]
Lab values:

Creatinine [mg/dl]
Na + [mmol/L]
K + [mmol/L]
Hb [g/dl]
Uricemia [mg/dl]

1.2 ± 0.4
139 ± 3
4.2 ± 0.4
13.5 ± 1.8
6.8 ± 1.9

1.3 ± 0.4
140 ± 3
4.3 ± 0.4
13.2 ± 1.5
6.1 ± 1.9

1.4 ± 0.5 *
141 ± 3
4.7 ± 0.5 *
13 ± 1.3
6.3 ± 2.0

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
NYHA, New York Heart Association; COPD, chronic obstructive pulmonary disease;
CKD, chronic kidney disease. Values are expressed as mean ± standard deviation
and frequencies. * p � 0.05 vs. baseline.

Table 2
Echocardiographic parameters at baseline and follow-up.

Baseline 3 months 12 months

LVEF [%] 33.8 ± 6.8 47.2 ± 10.6 * 50.3 ± 9.8 *
LVM [g] 273.7 ± 67.2 262.6 ± 67 * 249.2 ± 67
LVIDd [cm] 6 ± 0.7 5.6 ± 0.6 * 5.45 ± 0.75 *
LVPWd [cm] 1.04 ± 0.19 1.15 ± 0.18 * 1 ± 0.16
IVSd [cm] 1.11 ± 0.26 1.17 ± 0.22 1.15 ± 0.21
ESV [ml] 119.6 ± 47.5 69.5 ± 34.6 * 66.3 ± 32.9 *
EDV [ml] 169.7 ± 51.4 128.2 ± 46.7 * 129.7 ± 49.4 *
LA diameter [cm] 5 ± 0.8 4.8 ± 0.8 4.4 ± 1 *
RWT 0.36 ± 0.08 0.43 ± 0.09 * 0.41 ± 0.09 *
E/A 1.2 ± 0.9 0.79 ± 0.47 0.69 ± 0.17
S 5.39 ± 1.41 5.57 ± 1.38 5 ± 1.28
E/e’ 13.5 ± 6.64 12.23 ± 5.58 10.48 ± 4.39
PAP [mmHg] 38.8 ± 10.7 34.1 ± 12 32.4 ± 12.2 *
DT [sec] 0.2 ± 0.06 0.21 ± 0.06 0.21 ± 0.05

A, atrial wave; DT, deceleration time; E, early wave; e’, early’ wave; ESV, end-
systolic volume; EDV, end-diastolic volume; IVSd, diastolic interventricular sep-
tum; LA, left atrium; LVEF, left ventricular ejection fraction; LVIDd, diastolic left
ventricular internal diameter; LVM, left ventricular mass; LVPWd, diastolic left
ventricular posterior wall; PAP, systolic pulmonary arterial pressure; RWT, relative
wall thickness; S = systolic wave. Values are expressed as mean ± standard devia-
tion. * p � 0.05 vs. baseline.

Table 3
Men vs. Women echocardiographic parameters at baseline and follow-up.

Parameter Men (n = 35) Women (n = 14)

LVEF [%] 34.5 ± 6.4 32.0 ± 7.7
LVEF 3 months 47.1 ± 10.1 * 47.3 ± 12.6 *
LVEF 12 months 51.0 ± 9.8 * 48.4 ± 10.3 *
LVM [g] 291.7 ± 59.7 219.6 ± 53.9
LVM 3 months 281.1 ± 66.3 * 210.4 ± 57.7
LVM 12 months 272.6 ± 65.9 181.9 ± 31.9
RWT 0.36 ± 0.09 0.34 ± 0.08
RWT 3 months 0.42 ± 0.09 * 0.35 ± 0.08
RWT 12 months 0.40 ± 0.08 * 0.33 ± 0.02
EDV [ml] 181.5 ± 48.0 130.8 ± 45.6
EDV 3 months 138.9 ± 47.2 * 108.7 ± 35.4
EDV 12 months 143.7 ± 48.9 * 86.5 ± 19.1
ESV [ml] 115.4 ± 40.8 85.4 ± 42.9
ESV 3 months 76.0 ± 36.8 * 64.2 ± 30.9
ESV 12 months 74.0 ± 35.9 * 46.8 ± 14.7
E/A 1.15 ± 0.84 1.16 ± 1.00
E/A 3 months 0.59 ± 0.06 0.97 ± 0.69
E/A 12 months 0.64 ± 0.17 0.72 ± 0.18
LVIDd [cm] 6.1 ± 0.7 5.7 ± 0.6
LVIDd 3 months 5.6 ± 0.6 * 5.5 ± 0.6
LVIDd 12 months 5.7 ± 0.7 * 5.1 ± 0.7
PAP [mmHg] 39.6 ± 10.9 37.0 ± 12.3
PAP 3 months 37.2 ± 13.2 32.3 ± 12.0
PAP 12 months 36.2 ± 13.4 24.0 ± 7.4 *
LA diameter [cm] 5.2 ± 0.8 4.7 ± 0.8
LA diameter 3 months 5.0 ± 0.8 4.3 ± 0.7
LA diameter 12 months 4.9 ± 0.9 3.8 ± 0.6 *

A, atrial wave; E, early wave; ESV, end-systolic volume; EDV, end-diastolic volume;
LA, left atrium; LVEF, left ventricular ejection fraction; LVIDd, diastolic left ven-
tricular internal diameter; LVM, left ventricular mass; PAP, systolic pulmonary
arterial pressure; RWT, relative wall thickness. Values are expressed as mean ± s-
tandard deviation. * p � 0.05 vs. baseline.
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and E/A significantly improved in men but not in women. Instead,
LVEF significantly improved in both sexes (Table 3).
3.2.2. Clinical parameters
NYHA Class improved, with most patients in NYHA 1 and 2 and

only 2 patients (from 13 at baseline) in NYHA Class 3 [p .000 and p
.048 for classes 1–2 and 2–3 respectively]. Also furosemide dosage
[81.9 ± 73.6 mg to 70.5 ± 69.7 mg, p .001] and systolic blood pres-
3

sure [127 ± 14 to 122 ± 14, p .005] decreased significantly. As for
blood tests no significative changes were found.
3.3. 12 ± 1 months follow up

3.3.1. Echocardiography
The global comparison between basal and 12 ± 1 months TTE

evaluation (Table 2) showed a significant improvement of LVEF
[33.8 ± 6.8 to ± 50.3 ± 9.8%; p < .001], a significant increase of
RWT [0.36 ± 0.08 to 0.41 ± 0.09; p .005], and a significant reduction
in LV diameters [LVIDd 6.0 ± 0.7 to 5.4 ± 0.7 cm; p .012] and vol-
umes [EDV 169.7 ± 51.4 to 129.7 ± 49.4 mL, p < .001; ESV
119.6 ± 47.5 to 66.3 ± 32.9 mL, p < .001]. Notably, there was also
a significant reduction of LA diameter [5.0 ± 0.8 to 4.4 ± 1.0 cm;
p .02] and PAP [38.8 ± 10.7 to 32.4 ± 12.2 mmHg; p .014]. In addi-
tion, we showed a further improvement of LVM, E/A and E/e’ com-
pared to baseline and 3 months follow up, despite non-significant.
Even if a further tendency towards myocardial remodelling was
observed, all echocardiographic parameters did not reach the sta-
tistical significance compared to 3 months follow-up. Sorting the
results by sex, we observed that LVM, LV volumes, RWT and LVIDd
did not significantly improve in women. However, LA diameter and
PAP improved only in women. As for men, the improvement in
LVEF reached the statistical significance also in the 12 months vs.
3 months comparison (p .017).
3.3.2. Clinical parameters
NYHA Class further improved, with most patients in NYHA 1

and 2 and no patients in NYHA Class 3. Furosemide dosage
[81.9 ± 73.6 to 75.4 ± 86 mg, p .004] and systolic blood pressure
[127 ± 14 to 119 ± 16 mg, p .023] improved compared to baseline.
Instead, serum potassium [4.2 ± 0.4 to 4.7 ± 0.5, p .025] and crea-
tinine [1.2 ± 0.4 to 1.4 ± 0.5, p .030] increased. However, differences
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between 3 and 12 months follow up did not reach the statistical
significance.

4. Discussion

Given the impact on hard outcomes showed in the PARADIGM-
HF [5] trial, and on the basis of other numerous real-life studies
still confirming efficacy and safety performances, the introduction
of SV among the treatment options of HFrEF has completely over-
turned the pharmacological approach to this condition. However,
the studies conducted so far did not fully clarify the effects of SV
on cardiac function and myocardium reverse remodelling, with
results sometimes discordant [7–20]. Our study analysed the
impact of SV therapy on echocardiographic and clinic parameters
of HFrEF outpatients previously treated with an optimal individu-
alized pharmacological therapy which included ACEIs or ARBs, BBs
and in most patients MRAs. Our main findings indicate that switch-
ing to SV induces incremental reverse remodelling, affecting both
systolic and diastolic function, which could lead to a great impact
on the progression and prognosis of HFrEF [6]. From baseline to
12 months follow-up we observed a progressive improvement of
LVEF (Fig. 1). LVEF improves in 93.8% (n.46) patients as early as
3 months of treatment. Of the 3 non-responder patients (6.1%), 2
(4%) showed LVEF improvement in the next follow-up assessment
and in only 1 patient (2%) LVEF did not improve at all. The non-
responder patient had the highest baseline LVEF compared with
the rest of the population (LVEF 47%) and started ARNI because
of severe clinical symptoms unless maximal optimized therapy.
No others pre-treatment characteristics were able to predict delay
or absence of reverse myocardial remodelling.

The positive effect on LV diameters, volumes and systo-diastolic
performance seems to occur early after treatment initiation, in line
with previous data on short term effect of ARNI [16–20]. In fact, at
3 months follow-up we observed a global myocardial remodelling
with a significative improvement of cardiac function. Prior studies
on SV remodelling properties showed an improvement of LV vol-
umes [16,17,19] and mass [17]. Our results confirmed these find-
ings and demonstrated a significant improvement of RWT after
SV initiation. In addition, as previously observed [18], we demon-
strated an increase of E/A, which could represent an expression
of diastolic function improvement.
Fig. 1. Distribution of LVEF frequencies of patients at basal (orange), 3 ± 1 months
interpretation of the references to color in this figure legend, the reader is referred to th
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As for long time follow-up, we found a significative improve-
ment of LVEF, LV diameters and volumes, PAP, and LA diameter,
compared to baseline. Of note, PAP and LA diameter improvement
did not reach the statistical significance in the 3 months follow-up
vs. baseline comparison. This finding could suggest a latency of SV
in reducing the LV filling pressure. Even if not significant, we also
observed a further reduction of LVM, E/A and E/e’, compared to
baseline and 3 months follow-up. Interestingly, from our best
knowledge, a diastolic improvement in long term follow-up has
been only found by Januzzi and colleagues [15]. It must be noted
that the improvement of all echocardiographic parameters did
not reach the statistical significance in the 12 vs. 3 months
follow-up comparison.

Since women were underrepresented in SV clinical trials, we
repeated the statistical analyses on the echocardiographic param-
eters after stratification by sex (Table 3). Our data showed signi-
ficative sex-related differences in SV capacity to induce
myocardial reverse remodelling. In the 3 months follow-up LV vol-
umes and diameters, LVM, RWT, and E/A significantly improved in
men but not in women. Of note, E/A improvement was seen only in
men and not in the entire population analysis. In the last follow-up
we still observed less improvement in women compared with men.
However, LA diameter and PAP improvements reached the statisti-
cal significance only in women. Altogether these findings sug-
gested the presence of sex-related differences in the myocardial
response to SV. To our best knowledge this study is the first to
investigate sex-related differences in echocardiographic parame-
ters during SV therapy. However, it must be taken into account
that stratifying the population by sex significantly reduced the
sample size and increased the risk for biases in the statistical anal-
yses. This is even more significant considering the different sample
size of men vs. women population. There is a need for further stud-
ies to unravel the role of sex in myocardial response to SV since
sex-related differences could have great implications in the man-
agement and therapy of HFrEF patients.

Regarding clinical parameters, NYHA Class, systolic blood pres-
sure and furosemide dosage decreased significantly in both 3 and
12 months follow-up. Instead, creatinine and potassium increased
in the 12 months follow-up vs. baseline assessment. NYHA Class
and furosemide dosage improvements demonstrated the clinical
efficacy of ARNI. In addition, furosemide dosage decrease may also
follow-up (yellow) and 12 ± 1 months follow up (green) echocardiography. (For
e web version of this article.)
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suggest that treatment with SV could reduce the requirement for
loop diuretics in patients with HFrEF. This finding is in line with
a recent sub-analysis of the PARADIGM-HF trial, where patients
in the SV arm were more likely to reduce diuretic dose compared
to those randomized to enalapril [22]. As for the antihypertensive
effect of ARNI, the superiority of SV over enalapril and olmesartan
in reducing systolic blood pressure has already been demonstrated
[7,23]. Our study corroborated these results, suggesting that in the
future ARNI could represent a further therapeutic strategy for
hypertensive patients, with a possible central role in preventing
hypertensive myocardial remodelling. Finally, in our opinion, crea-
tinine and potassium increases are intrinsically related to ARNI
pharmacodynamics and do not have to be considered a safety
problem unless there is evidence of acute kidney injury and/or sev-
ere hyperkalaemia. Supporting these considerations, in our study
no patients developed these conditions.

The biological basis of SV reverse remodelling properties could
involve the regulation of the expression of different proteins con-
tributing to hypertrophy, cardiomyocyte cell death and LV extra-
cellular matrix composition. As demonstrated by Iborra-Egea and
colleagues transcriptome data analysis, valsartan could reverse
the cardiac remodelling by inhibiting guanine nucleotide-binding
protein family, while sacubitril could act on cardiomyocyte cell
death, hypertrophy and impaired myocyte contractility through
the inhibition of phosphatase and tensin homolog [24].

Despite all the encouraging results, there are several limitations
to the present study. First of all the observational retrospective
study design and the lack of a control group. The latter limitation
could be partially overcome considering that our patients were
on maximum optimized therapy before SV initiation and did not
change any other neurohormonal therapy before and during the
study. Another important limitation is the small sample size. This
is even more significant if we consider sex comparison because
the sample size was further reduced. Finally, we did not evaluate
atrial volume but diameters with a possible inaccuracy of our
findings.

In conclusion, our study showed significative reverse remod-
elling properties of SV with an improvement of LV volumes, mass,
RWT, systo-diastolic function, LA diameter and PAP after ARNI ini-
tiation. Furthermore, we observed sex-related differences on
myocardial response to SV, with women having less echocardio-
graphic improvements except for LA diameter and PAP. Finally,
SV was able to significantly reduce NYHA Class, systolic blood pres-
sure and loop diuretic dosage at expenses of mild creatinine and
potassium increase. Large controlled studies are needed to better
understand SV effects on myocardial function and reverse remod-
elling in both sexes.
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