American Journal of Cardiovascular Drugs (2022) 22:535-544
https://doi.org/10.1007/540256-022-00525-w

ORIGINAL RESEARCH ARTICLE ;')

Check for
updates

Hemodynamic Effects of Sacubitril/Valsartan in Patients with Reduced
Left Ventricular Ejection Fraction Over 24 Months: A Retrospective
Study

Mohammad Abumayyaleh'?® . Jonathan Demmer' - Carina Krack' - Christina Pilsinger’ - Ibrahim El-Battrawy'-
Michael Behnes' - Assem Aweimer® - Andreas Miigge® - Siegfried Lang'? - Ibrahim Akin'2

Accepted: 8 February 2022 / Published online: 30 March 2022
© The Author(s) 2022

Abstract

Background The effects of sacubitril/valsartan in patients with chronic heart failure with reduced ejection fraction (HFrEF)
were recently reported. However, the hemodynamic impact of this well-established treatment in patients with HFrEF has
been poorly systematically researched.

Aim We aimed to investigate the hemodynamic effects of sacubitril/valsartan among patients with HFrEF.

Methods Between 2016 and 2020, we retrospectively collected data for patients with HFrEF treated at the University Medical
Center Mannheim, Germany. Data for 240 patients with HFrEF were available. We systematically analyzed echocardiographic
parameters, all-cause hospitalization, and congestion rate.

Results The left ventricular ejection fraction (LVEF) improved from a median (minimum; maximum) of 28% (3; 65) before
initiation of sacubitril/valsartan to a median of 34% (13; 64) at 24-month follow-up (p < 0.001). Systolic pulmonary atrial
pressure (PAPsys) decreased from a median of 30 mmHg (13; 115) to 25 mmHg (20; 80) at 24-month follow-up (p = 0.005).
The median (minimum; maximum) tricuspid annular plane systolic excursion improved from 17 mm (3; 31) at baseline to 20
mm (9; 30) at 12-month follow-up (p = 0.007). The incidence of severe and moderate mitral, tricuspid, and aortic valvular
insufficiency improved after treatment. Hospitalization and congestion rates reduced at 24-month follow-up. The mortality
rate in echocardiographic and functional nonresponders was higher than in responders (12.1 vs. 5.2%; p = 0.1 and 11.3 vs.
3.1%; p = 0.01, respectively).

Conclusion Follow-up 24 months after starting treatment with sacubitril/valsartan revealed sustained improvements in echo-
cardiographic parameters, including LVEF, PAPsys, and cardiac valvular insufficiency. Rates of all-cause hospitalization
and congestion had decreased significantly at follow-up. The mortality rate was higher in echocardiographic and functional

nonresponders.
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1 Introduction

Treatment with the combined angiotensin receptor neprily-
sin inhibitor valsartan/sacubitril resulted in a 20% reduced
risk of cardiovascular death or hospitalization compared
with enalapril in patients with heart failure with reduced
ejection fraction (HFrEF) [1]. Tolerability evaluations
indicated that patients receiving sacubitril/valsartan also
experienced a spectrum of side effects comparable to that
experienced by patients receiving enalapril [1].

Left ventricular ejection fraction (LVEF) was reported
to improve after treatment with sacubitril/valsartan [2,
3]. In the PARADIGM-HF trial, improvements in LVEF
were associated with better outcomes in terms of reduc-
ing the risk of death and hospitalizations in patients with
HFrEF [4]. In addition, the degree of mitral regurgitation
decreased significantly because of decreases in left ven-
tricular end-systolic and end-diastolic volume [5].

Patients with HFrEF develop pulmonary hyperten-
sion (PH), which is associated with a poor prognosis [6].
Sacubitril/valsartan has been reported to improve right
ventricular remodeling with the recovery of contraction
and relaxation related to the reduction of pulmonary
pressure [7]. In this context, hemodynamic recovery as
an improvement of diastolic and systolic function was
recently described in patients with HFrEF receiving sacu-
bitril/valsartan [5, 8].

We investigated the echocardiographic hemodynamic
effects of sacubitril/valsartan at 24-month follow-up, sys-
tematically analyzing congestion and all-cause hospitaliza-
tions before and after treatment. In addition, we investi-
gated clinical outcomes in responders and nonresponders
at 24-month follow-up.

2 Methods

Between 2017 and 2020, we included 240 patients at
the University Medical Center Mannheim, University of
Heidelberg. These patients had HFrEF diagnosed as per
European Society of Cardiology guidelines. We included
patients if they had (1) New York Heart Association
(NYHA) functional class II or higher heart failure (HF)
symptoms despite optimal medical treatment (including
angiotensin-converting enzyme inhibitors [ACEIs] or
angiotensin II receptor blockers [ARBs], f-blockers, and
mineralocorticoid receptor antagonists); (2) LVEF <40%;
(3) implantation of cardioverter-defibrillator or cardiac
resynchronization therapy; and (4) received and tolerated
sacubitril/valsartan. Patients initially received 24/26 mg
twice daily and increased to 97/103 mg twice daily over
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3—6 weeks according to tolerance, during visits to either
our HF outpatient clinic or their cardiologist.

We gathered data on medical history, NYHA classifica-
tion, clinical parameters, electrocardiogram, arrhythmias
assessed by querying the implantable cardioverter-defi-
brillator or cardiac resynchronization therapy, and medica-
tion at baseline. Patients’ clinical outcomes were assessed
by chart review and contact with the outpatient practice at
follow-up. Laboratory parameters representing heart or kid-
ney function, electrolytes such as potassium, and glycated
hemoglobin were evaluated before initiation of sacubitril/
valsartan and at follow-up. The estimated glomerular filtra-
tion rate was calculated using the abbreviated Modification
of Diet in Renal Disease equation. A doppler transthoracic
and standard two-dimensional echocardiogram was used at
more timepoints at baseline and after initiation of sacubitril/
valsartan at follow-up. All measurements were taken with
available echocardiographic instruments (Vivid 9 System,
Philips Medical Systems). Echocardiographic parameters
such as LVEF, tricuspid annular plane systolic excursion
(TAPSE), systolic pulmonary atrial pressure (PAPsys), tri-
cuspid regurgitation jet maximal pressure gradient, tricuspid
regurgitation peak systolic velocity, left atrial surface, right
atrial surface, E wave/A wave ratio, valvular insufficiency,
and the vena cava inferior (VCI) diameter were collected.
Serial echocardiographic evaluation was presented by more
sonographers at follow-up. In this regard, intra-observer var-
iability due to the nonsignificant differences of ejection frac-
tion measurements was insignificant. Hospitalizations and
congestion were also evaluated at follow-up. In addition, this
study compared hospitalization and congestion rates before
and after initiation of sacubitril/valsartan.

2.1 Definitions and Technical Measurements
of Echocardiographic Outcome

Ejection fraction (EF) is defined as the volume of blood ejected
during left ventricular contraction and is measured using the
Simpson biplane method. TAPSE indicates right ventricular
longitudinal function and is measured using M-mode echo-
cardiography between the end-diastole and peak systole, with
the cursor along the tricuspid lateral annulus in the apical four-
chamber view. PAPsys indicates the peak pressure of blood in
the right ventricle during systole and is calculated from the
tricuspid regurgitation jet maximal pressure gradient and right
atrial pressure. Tricuspid regurgitation peak systolic velocity is
a quantitative measurement of the peak velocity of blood flow
across the tricuspid valve. Left atrial and right atrial size are
qualitative descriptions of the size of the atria and are meas-
ured in a four-chamber apical view at end-systole. E wave/A
wave ratio is determined as the ratio of peak early to peak late
transmitral flow velocities reported without units. It is meas-
ured to evaluate the left ventricular diastolic function. The VCI
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measurement is assessed in the subcostal view 1-2 cm from
the junction with the right atrium in the long-axis view. VCI
values are used to determine systolic pulmonary artery pres-
sure. An echocardiographic response was defined as improved
LVEF with an increase of > 5%, and a functional response was
defined as an improvement of one class category in NYHA
classification [9, 10].

Congestion was defined as the presence of one or more
symptoms of fluid overload. The following symptoms are con-
sidered: pulmonary rales, third heart sound, jugular venous sta-
sis, hepatomegaly, peripheral edema, high level of N-terminal
pro-B-type natriuretic peptide (NT-proBNP), acute depression
of heart function diagnosed by echocardiography, and chest
radiograph signs of congestion. Hospitalization was defined
as any readmission to a hospital.

2.2 Statistics

We presented continuous variables with a non-normal dis-
tribution as median (minimum; maximum), continuous vari-
ables with a normal distribution as mean + standard deviation,
and categorical variables as frequency (%). The Kolmogo-
rov—Smirnov test was used to assess normal distribution.
Student’s ¢ test and the Mann—Whitney U test were used to
compare continuous variables with normal and non-normal
distributions, respectively. Box plot diagrams were presented
as medians with 25th and 75th percentiles (boxes) and Sth and
95th percentiles (whiskers). Dots indicated extreme values.
The Kruskal-Wallis test with Dunn’s multiple comparisons
test was used for multiple comparisons. Hazard ratios (HRs)
with 95% confidence intervals (CIs) were calculated in the
survival analysis using Cox regression. P values < 0.05 were
recognized as statistically significant. Univariate analyses were
performed to study the relationship between mortality and
other variables, for example, patient characteristics, medical
history, heart valve insufficiency, arrhythmias, electronic car-
diac disease, and drugs on admission. Predictors of mortality
were identified using univariate analysis. Predictors with p <
0.05 were analyzed using Cox multivariate regression. Multi-
variable Cox regression to investigate predictors of mortality
included the following variables: medical history such as type
2 diabetes mellitus, congestion at admission, coronary heart
disease, MitraClip, non-sustained ventricular tachycardia,
aldosterone antagonist, and insulin. Statistical analysis was
performed using SPSS 25.0.

3 Results
3.1 Patient Characteristics

The median (minimum; maximum) age of patients was
66.9 years (32; 89); 55.4% of patients were aged > 65

years. Males predominated (79.6%). Ischemic cardiomyo-
pathy (ICMP) was diagnosed in 51.7% of patients, whereas
51.3% of patients had dilated cardiomyopathy (DCMP).
ACEIs were used in 56.5% of patients, whereas 24.3% of
patients received ARBs before initiating sacubitril/valsar-
tan. Among cardiovascular risk factors and comorbidities,
36.3% of patients had diabetes mellitus and 72.9% had arte-
rial hypertension. Baseline characteristics are presented in
Table 1.

3.2 Hemodynamic Effects of Sacubitril/Valsartan

Continuous improvement in LVEF was observed, from a
median (minimum; maximum) of 28% (3; 65) at initiation of
sacubitril/valsartan to 34% (13; 64) at 24-month follow-up
(» < 0.001). The TAPSE improved from an initial median
(minimum; maximum) of 17 mm (3; 31) to 18 mm (2.5;
31) at 24-month follow-up (p = 0.47). However, the larg-
est increase of TAPSE was revealed at 12-month follow-
up: 20 mm (9; 30); p=0.007. In addition, PAPsys, as an
indicator of possible PH, decreased from a median (mini-
mum; maximum) 30 mmHg (13; 115) to 25 mmHg (20; 80)
at 24-month follow-up (p = 0.005) (Table 2). Data about
the hemodynamic effects at follow-up are available in the
appendix in the electronic supplementary material (ESM).
Transthoracic echocardiography before initiation of sacu-
bitril/valsartan revealed a higher incidence of severe and
moderate valvular insufficiency, whereas numerically more
valvular insufficiency was classified as mild after sacubitril/
valsartan (Fig. 1). The incidence of mitral, tricuspid, and
aortic insufficiency before and after sacubitril/valsartan is
presented in Fig. 1.

3.3 Laboratory Parameters

The glomerular filtration rate decreased from a median (min-
imum; maximum) 55 ml/min (10; 128.8) before treatment to
49 ml/min (8; 109) after sacubitril/valsartan at 24-month fol-
low-up (p = 0.98). The largest decrease in glomerular filtra-
tion rate was observed at 18-month follow-up: median (mini-
mum; maximum) 48 ml/min (15; 125); p < 0.001. However,
NT-proBNP values reduced significantly from a median
(minimum; maximum) of 1445 pg/ml (48; 74,676) before
sacubitril/valsartan to 569 pg/ml (13; 4571) at 24-month
follow-up (p < 0.001) (Table 2). Data on NT-proBNP levels
at follow-up are available in the ESM.

3.4 Clinical Outcomes in Responders vs.
Nonresponders

Echocardiographic and functional nonresponse occurred

more in patients with ICMP than in those with DCMP
(echocardiographic nonresponse 63.8 vs. 41.4%;
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Table 1 Baseline characteristics of patients presenting before sacubi-

tril/valsartan

Characteristics Patients before sacubi-
tril/valsartan (n = 240)
Demographics
Age, years 66.9 (32; 89)
<65 107/240 (44.6)
> 65 133/240 (55.4)
Male 191/240 (79.6)
BMI 29.51 +£6.01
Medical history 2407240 (100)
Smoking
Current 70/240 (29.2)
Ex-smoker 76/240 (31.6)
Lung disease 48/240 (20)
Asthma 4/48 (8.3)
COPD 44/48 (91.7))
Arterial hypertension 175/240 (72.9)
Type 2 diabetes mellitus 87/240 (36.3)
Positive family history 59/240 (24.6)
History of malignancy 39/240 (16.3)
Myocardial infarction 98/240 (40.8)

STEMI
NSTEMI
Coronary heart disease
Stroke
Bypass
Bleeding
Heart failure
DCMP
ICMP
NYHA classification
I
I
I
v
Clinical parameter
Systolic BP, mmHg
Diastolic BP, mmHg
HR, bpm
Electrocardiogram
PQ, ms
QTc, ms
MitraClip
Arrhythmias
Atrial fibrillation
Paroxysmal
Persistent
Permanent
Ventricular fibrillation
Nonsustained ventricular tachycardia
Ventricular tachycardia

71/98 (72.4)
37/98 (37.8)
158/240 (65.8)
30/240 (12.5)
36/240 (15)
10/240 (4.2)
240/240 (100)
123/240 (51.3)
124/240 (51.7)

8/208 (3.8)
55/208 (26.4)
124/208 (59.6)
217208 (10.1)

121 (80; 190)
80 (42; 120)
74 (46; 156)

170 (96; 396)
469.50 (207; 696)
14/240 (5.8)

107/240 (44.6)
46/107 (43.0)
20/107 (18.7)
25/107 (23.4)
18/47 (38.3)
22/47 (46.8)
18/47 (38.3)

Table 1 (continued)

Characteristics

Patients before sacubi-
tril/valsartan (n = 240)

Cardiac device
CRT-D
S-/TV-ICD
PM
CCM

Vagus stimulator
Medication
B-blocker
ARB
Aldosterone antagonist
ACEI
Ivabradine
Diuretics
Platelet aggregation inhibitors
Anticoagulation
Amiodarone
Sotalol
Mexiletine
Statin
Metformin
Insulin
SGLT?2 inhibitor
DPP-4 inhibitor
GLP-1 agonist
Sulfonylureas

51/162 (31.5)
131/162 (80.9)
16/162 (9.9)
38/162 (23.5)
1/162 (0.6)

221/239 (92.5)
58/239 (24.3)
155/239 (64.9)
135/239 (56.5)
8/239 (3.3)
189/239 (79.1)
116/239 (48.5)
113/239 (47.3)
28/239 (11.7)
1/239 (0.4)
0/239 (0.0)
157/239 (65.7)
27/231 (11.7)
29/231 (12.6)
107231 (4.3)
17/231 (7.4)
1/231 (0.4)
3/231 (1.3)
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Data are presented as n (%), median (minimum; maximum) or mean
+ standard deviation

ACEI angiotensin-converting enzyme inhibitor, AF atrial fibrilla-
tion, ARB angiotensin II receptor blocker, BMI body mass index, BP
blood pressure, CCM cardiac contractility modulation, COPD chronic
obstructive pulmonary disease, CRT-D cardiac resynchronization
therapy with a defibrillator, DCMP dilated cardiomyopathy, DPP-4
dipeptidyl peptidase-4, GLP-1 glucagon-like peptide-1, HR heart rate,
ICMP ischemic cardiomyopathy, n number, NSTEMI non-ST-seg-
ment elevation myocardial infarction, NYHA New York Heart Asso-
ciation, PM pacemaker, PQ PQ interval, QTc corrected QT inter-
val, SGLT2 sodium-glucose co-transporter-2, S-ICD subcutaneous
implantable cardioverter-defibrillator, STEMI ST-segment elevation
myocardial infarction, TV-ICD transvenous implantable cardioverter-
defibrillator

functional nonresponse 57.7 vs. 43.3%). NT-ProBNP
was significantly reduced in echocardiographic respond-
ers compared with nonresponders at 24-month follow-up
(median [minimum; maximum] 452 pg/ml [13; 4203] vs.
1097 pg/ml [159; 4571]; p = 0.003). The mortality rate
in echocardiographic and functional nonresponders was
higher than in responders (12.1 vs. 5.2%; p = 0.1 and
11.3 vs. 3.1%; p = 0.01, respectively). The rate of con-
gestion was significantly higher in echocardiographic
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Fig. 1 Echocardiographic outcome of patients after sacubitril/valsartan presented with significantly lower moderate or severe valvular insuffi-
ciency at follow-up; p values for the comparison between follow-up time and month 0

Table 3 Clinical characteristics and outcomes in responders vs. nonresponders at 24-month follow-up

Variables Echocar- Echocardiographic p value®  Functional responder ~ Functional nonresponder  p value®
diographic nonresponder
responder
Demographics
Age, years 64.5 (33; 88) 67.5 (33; 88) 0.43 65 (35; 85) 66 (33; 88) 0.66
Male 89/116 (76.7) 52/58 (89.7) 0.04 76/97 (78.4) 80/97 (82.5) 0.47
BMI 28.98 + 5.56 29.68 +5.52 0.44 29.43 +5.62 28.41 +6.27 1.00
Medical history
DCMP 66/116 (56.9) 24/58 (41.4) 0.05 56/97 (57.7) 42/97 (43.3) 0.04
ICMP 50/116 (43.1) 37/58 (63.8) 0.01 44/97 (45.4) 56/97 (57.7) 0.09
Laboratory values
NT-proBNP pg/ml 452 (13;4203) 1097 (159; 4571) 0.003  544.5(13;4571) 457 (152; 4331) 0.75
NYHA classification
111 19/69 (27.5) 13/35 (37.1) 0.08 10/64 (15.6) 25/44 (56.8) <0.001
v 1/69 (1.4) 2/35 (5.7) 0.08 0/64 (0.0) 3/44 (6.8) <0.001
Echocardiographic values
LVEF, % 38 (15; 64) 22.5 (13; 55) <0.001 33 (15;60) 37 (13; 64) 0.11
TAPSE, mm 19.5 (2.5; 31) 17 (11;27) 0.01 19 (11; 31) 18 (2.5;31) 0.34
Clinical outcomes
Mortality 6/116 (5.2) 7/58 (12.1) 0.1 3/97 (3.1) 11/97 (11.3) 0.01
Congestion 5/70 (4.3) 7/35 (20.0) 0.05 6/65 (9.2) 5/45 (11.1) 0.75
Hospitalization 40/74 (54.1) 21/38 (55.3) 0.97 38/67 (56.7) 23/52 (44.2) 0.18

Data are presented as n (%), median (minimum; maximum), or mean =+ standard deviation unless otherwise indicated

Bold text indicates a statistically significant difference with a p-value less than 0.05

BMI body mass index, DCMP dilated cardiomyopathy, /CMP ischemic cardiomyopathy, LVEF left ventricular ejection fraction, NT-proBNP
N-terminal pro-B-type natriuretic peptide, NYHA New York Heart Association, TAPSE tricuspid annular plane systolic excursion

p values for the comparison between responders and nonresponders

nonresponders than in responders (20 vs. 4.3%; p = 0.05).
Table 3 presents the differences between echocar-
diographic and functional responders compared with
nonresponders.
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3.5 Predictors of Mortality

Cox multivariate analysis for mortality determined conges-
tion at admission as an independent predictor for mortality
(HR 5.57; 95% CI 1.45-21.48; p = 0.01), Table 4.
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Table 4 Predictors for mortality in echocardiographic and/or functional responder

Variable Univariate analysis Multivariate analysis
HR p value HR 95% CI p value
Demographics
Age > 65 years 1.89 0.18
BMI > 30 0.64 0.37
Medical history
T2DM 2.80 0.02 2.17 0.59-7.92 0.24
Congestion at admission 8.79 < 0.001 5.57 1.45-21.48 0.01
Coronary heart disease 4.63 0.04 3.70 0.47-29.44 0.22
MitraClip 5.20 < 0.001 1.39 0.39-4.97 0.61
Arrhythmia before sacubitril/valsartan
Nonsustained ventricular tachycardia 342 0.02 1.66 0.46-6.02 0.44
Drugs on admission
Aldosterone antagonist 0.24 0.002 0.41 0.13-1.26 0.12
Insulin 3.67 0.01 1.15 0.34-3.87 0.82
Bold text indicates a statistically significant difference with a p-value less than 0.05
R? value 0.21
BMI body mass index, CI confidence interval, HR hazard ratio, 72DM type 2 diabetes mellitus
100 100
90 *P vs. Month -12 90 - *P vs. Month -12
80 - 80 -
i 70 #p<0.001 *p=0.91 *p=0.003 *p<0.001 *p<0.001 < 70 #p=0.03 #p=0.03 *p=0.04 *p=0.04 * p=0.04
g 60 £ 60
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& 40 g 40
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10 10 - l
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-12 3 6 12 18 24 -12 3 6 12 18 24

Follow-Up in months

Follow-Up in months

Fig.2 The rate of hospitalization and congestion of patients before and after sacubitril/valsartan; data in percentage values; p values for the com-

parison between follow-up time and month 0O

3.6 Clinical Outcomes in All Patients at Follow-Up

The hospitalization rate was 58.3% at 12 months before
treatment and 39.7% at 3 months, 41.1% at 6 months,
51.3% at 12 months, 45% at 18 months, and 51.1% at
24 months after treatment (p < 0.001). Congestion also
decreased from 34.2% at treatment initiation to 10% at
24-month follow-up (p = 0.04) (Fig. 2).

4 Discussion

Our study presents the hemodynamic effects observed over
a 24-month follow-up after initiation of sacubitril/valsar-
tan in a retrospective analysis. The main findings are that
(1) LVEF, TAPSE, and PAPsys improved at follow-up, (2)
the incidence of severe and moderate mitral, tricuspid, and
aortic insufficiency reduced after treatment with sacubitril/
valsartan, (3) hospitalization and congestion rates were
significantly lower after than before sacubitril/valsartan.
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4.1 Hemodynamic Effects

Consistent with our data, Martens et al. [5] reported that
improvements in LVEF after sacubitril/valsartan were
probably due to reverse remodeling. TAPSE has also been
observed to increase from 18.5 to 19.7 mm at 6-month fol-
low-up after initiation of sacubitril/valsartan [11]. This result
is comparable to our result, where TAPSE increased from 17
to 18 mm at 6-month follow-up. Furthermore, PAPsys has
been observed to reduce from 31 to 25 mmHg at 6-month
follow-up [11]. Our data showed a decrease of PAPsys from
30 to 25 mmHg at 24-month follow-up. In our cohort, PAP-
sys at 6-month follow-up was equivalent to that at baseline
before initiation of sacubitril/valsartan. Regarding heart
valve insufficiency, our data illustrated an improvement in
grade of mitral, tricuspid, and aortic valve insufficiency after
sacubitril/valsartan at follow-up. Kang et al. [12] reported
a reduction of effective mitral regurgitant orifice area in
patients treated with sacubitril/valsartan as compared with
the valsartan group. In this regard, we revealed a decrease
of severe and moderate mitral insufficiency at follow-up
(23 and 31.1% before vs. 13.2 and 23.7% after sacubitril/
valsartan). Treatment with combined sacubitril/valsartan
may improve the reverse remodeling that is associated with
a reduction of left ventricular volume and sphericity and
may improve left ventricular function, which decreases the
severity of mitral insufficiency [13]. Our study also found a
reduction in the percentage of severe and moderate tricus-
pid and aortic insufficiency at 24-month follow-up (tricuspid
12.2 and 24.4% before vs. 7.6 and 13.6% after treatment;
aortic 1.8 and 31.6% before vs. 0 and 10% after treatment).
In 205 patients with HFrEF, tricuspid velocity reduced from
2.8 + 0.55 t0 2.64 + 0.59 m/s at 6-month follow-up after
sacubitril/valsartan [8]. Data about the systematic evaluation
of tricuspid and aortic insufficiency remain limited.

4.2 Laboratory Parameters

Our study presents a reduction in NT-proBNP from a median
(minimum; maximum) of 1445 pg/ml (48; 74,676) before
sacubitril/valsartan to 569 pg/ml (13; 4571) at 24-month
follow-up. The PIONEER-HF trial also revealed a decrease
in NT-proBNP in patients with de novo and chronic HF after
sacubitril/valsartan [14].

4.3 Clinical Outcomes in Responders vs.
Nonresponders

In our study, nonresponse to treatment occurred more in

patients with ICMP than in those with DCMP. This showed
the impact of HF etiology in the treatment of patients with
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HFrEF. In addition, mortality and congestion rates after
initiation of sacubitril/valsartan were higher in echocardio-
graphic and functional nonresponders than in responders.
Data in this regard are limited.

4.4 Hospitalization and Congestion

We observed that all-cause hospitalization and congestion
rates reduced significantly at follow-up after initiation of
sacubitril/valsartan. All-cause hospitalization was 58.3%
before sacubitril/valsartan at 12 months and 51.1% at
24-month follow-up after treatment. ACEIs or ARBs were
used in 80.8% of all patients before sacubitril/valsartan.
However, the largest decrease in hospitalization rate was
39.7% at 3-month follow-up, maybe because of superior
medication adherence at the beginning of the treatment.
Medication adherence was reported to be superior at the
beginning of treatment compared with later. In this context,
patient education about self-management minimized the risk
of medication nonadherence, which was associated with a
reduction in all-cause hospital readmissions and improved
quality of life [15-17]. The PARADIGM-HF trial indicated
that sacubitril/valsartan was superior to enalapril in terms
of HF-related hospitalization rates (12.8 vs. 15.6%) [1]. In a
systematic review, all-cause hospitalizations decreased after
sacubitril/valsartan compared with standard of care [18].
In our study, the incidence of congestion was 34.2% at 12
months before starting the treatment and 10% at 24-month
follow-up after initiation of sacubitril/valsartan. The rate
of congestion was lower in patients with HFrEF treated
with sacubitril/valsartan than in those receiving enalapril
[18]. Consistent with our data, congestion reduced from the
beginning compared with at 19-month follow-up in the sacu-
bitril/valsartan group [18].

4.5 Limitations

This study has several limitations. It was a monocenter
study, had a limited follow-up time, and had a limited num-
ber of patients. Therefore, caution is required when inter-
preting data. The NYHA class was evaluated without using a
qualitative evaluation questionnaire. Diet and exercise habits
were not systematically analyzed. Cardiac magnet resonance
tomography was not used to evaluate the left ventricular
and right ventricular volumes and LVEF. Some echocar-
diographic parameters useful for the evaluation of reverse
remodeling, such as left ventricular mass index, left atrial
volume index, and strain analysis, were not presented. Inter-
observer variability regarding echocardiographic parameters
cannot be excluded.
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5 Conclusions

This study confirmed the hemodynamic effects of sacu-
bitril/valsartan on left and right heart function, indicating
improvements in valvular insufficiency, LVEF, and TAPSE
and reduced PH. All-cause hospitalization and congestion
rates reduced after initiation of sacubitril/valsartan com-
pared with before treatment with ACEIs and ARBs. Mor-
tality and congestion rates were lower in echocardiographic
and functional responders than in nonresponders. Sacubi-
tril/valsartan is a milestone in the treatment of HFrEF to
improve hemodynamics and reduce the need for early inter-
ventions for heart valve disease.
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