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Abbreviations 

AHI apnoea-hypopnoea index CHF chronic heart failure HFrEF heart failure with reduced 

ejection fraction LV left ventricle/ventricular LVEF left ventricular ejection fraction NVP 

nocturnal ventilatory polygraphy RV right ventricle/ventricular SDB sleep-disordered 

breathings PAP pulmonary artery systolic pressure S/V sacubitril/valsartan TAPSE tricuspid 

annular plane systolic excursion1 

 

   



Abstract 

Background.  

– Sacubitril/valsartan has been demonstrated to significantly improve left ventricular 

performance and remodelling in patients with heart failure. However, its effects on the right 

ventricle in patients with chronic heart failure and sleep-disordered breathing (SDB) have not 

been studied. 

Aim. 

 – To investigate the impact of sacubitril/valsartan treatment on right ventricular function in 

patients with SDB. 

Methods.  

– This was a subanalysis of an observational prospective multicentre study involving 

101patients. At inclusion, patients were evaluated by echocardiography and nocturnal 

ventilatory poly-graphy, which allowed patients to be divided into three groups: “central-

SDB”; “obstructive-SDB”; and “no-SDB”. 

Results. 

 – After 3 months of sacubitril/valsartan therapy, a positive impact on right ventricular 

function was observed. In the general population, tricuspid annular plane systolic excursion 

increased by+1.32 ± 4.74 mm (P = 0.024) and systolic pulmonary artery pressure decreased 

by −3.1 ± 10.91 mmHg (P = 0.048). The central-SDB group experienced the greatest 

echocardiographic improvement, with a significant increase in tricuspid annular plane systolic 

excursion of +2.1 ± 4.9 mm (P = 0.045) and a significant reduction in systolic pulmonary 

artery pressure of −8.4 ± 9.7 mmHg (P = 0.001). 

Conclusions. 

 – Sacubitril/valsartan improved right ventricular function in patients with heart failure and 

SDB after only 3 months of treatment. The greatest improvement in right ventricular function 

was observed in the central-SDB group. 

 

  



1. Background 

In recent decades, sacubitril/valsartan (S/V), an angiotensin receptor/neprilysin inhibitor, has 

emerged as a pivotal treatment for heart failure with reduced ejection fraction (HFrEF) [1]. 

Because of various aetiologies and pathophysiological pathways, it is com-mon for patients 

with HFrEF to have coexisting left ventricular (LV)and right ventricular (RV) dysfunction 

[2]. The predominant beneficial effect of S/V has been evaluated for the left ventricle (LV) 

[3], but only a few studies and a meta-analysis have shown a real benefit for the right 

ventricle (RV) [4–8]. 

Furthermore, the quest to improve the outcomes of patients with chronic heart failure (CHF) 

has focused recently not only on the underlying disease, but also on the associated co-

morbidities. Among the main co-morbidities, sleep-disordered breathing (SDB), in the two 

main forms of central sleep apnoea and obstructive sleep apnoea, is a frequent chronic 

disorder in patients with CHF, and leads to high morbidity and mortality [9]. Both central and 

obstructive sleep apnoea are associated with increased sympathetic activity that is known to 

be deleterious in the context of heart failure, impacting LV and RV function [10, 11].  

Recently, Jaffuel et al. showed a reduction in the apnoea-hypopnoea index (AHI) in patients 

with SDB after 3 months of treatment with S/V [12, 13]. However, there are still no data 

regarding the impact of S/V on RV function in patients with SDB.  

The purpose of the present subanalysis was to investigate the impact of S/V treatment on RV 

function in patients with SDB. Because of the intricate pathophysiology between SDB and the 

RV, leading to a vicious circle, and the beneficial impact of S/V on LV remodelling, we 

hypothesized that S/V might exert a beneficial effect more prominently in patients with both 

HFrEF and SDB. Furthermore, the hypothesis was that S/V could improve cardiac function, 

especially in those patients with central sleep apnoea, who, to date, cannot even benefit from 

specific ventilatory treatment. 

2. Methods 

This was a subanalysis of the ENTRESTO-SAS trial [12], which has been published 

previously; it was an observational prospective multicentre open-label real-life cohort study. 

The trial was conducted in accordance with Good Clinical Practice guidelines and the 

principles of the 2002 Declaration of Helsinki. The study was registered on 9 September 2016 

on ClinicalTrials.gov with the identification number NCT02916160. 

2.1. Study design; inclusion and exclusion criteria  

These aspects of the study have been published elsewhere [12].Briefly, clinically stable 

outpatients aged ≥ 18 years, with symptomatic HFrEF (New York Heart Association grade ≥ 

II and left ventricular ejection fraction [LVEF] ≤ 35%) and eligible for S/V treatment, were 

enrolled in the study. Specific requirements included stable condition at the time of clinical 

evaluation and optimized medical treatment based on current heart failure guidelines available 

during the study [1]. Exclusion criteria were inability to take S/V (because of known 



hypersensitivity to the drug or one of the excipients), pregnancy and/or lactation status, 

current continuous positive airway pressure treatment or the presence of at least one 

associated condition (including severe renal failure [glomerular filtration rate < 30 mL/m2], 

history of angio-oedema, severe hepatopathy, severe ongoing hyperkalaemia and life 

expectancy < 6months). All participants received and signed a written informed consent form 

and were free to withdraw at any time during the study.  

During the first visit, baseline data were recorded, including a complete echocardiographic 

examination (LV systolic size and function, RV function via the tricuspid annular plane 

systolic excursion [TAPSE] index [in mm] and pulmonary artery systolic pressure[sPAP] 

value [in mmHg]), according to the international guideline recommendations [14].  

Pre-therapeutic nocturnal ventilatory polygraphy (NVP) was per-formed. NVP analysis 

allowed collection of data regarding the global AHI, the hypopnea index, the percentage of 

recording time spent at < 90% saturation, the time spent at < 90% saturation, the desaturation 

index and the mean saturation index.  

Based on the initial NVP results and according to the AHI, patients were divided into three 

groups in accordance with the2012 American Academy of Sleep Medicine recommendations 

[15]:group 1 (central-SDB), central AHI ≥ 5/h and obstructive AHI < 15/h; group 2 

(obstructive-SDB), obstructive AHI ≥ 15/h with or without central sleep apnoea syndrome; 

group 3 (no-SDB), obstructive AHI < 15/h and central AHI < 5/h.  

S/V was started the day after NVP. Patients received S/V orally twice daily with adapted 

titration during the first 3 months.  

In the obstructive-SDB group, treatment with positive airway pressure (i.e. continuous 

positive airway pressure or bi-level pressure or autoservoventilation) was then discussed, and 

was started at the investigator’s discretion. In the case of predominantly central events and 

reduced LVEF, the use of autoservoventilation treatment was not allowed.  

Re-evaluation by NVP was performed in the central-SDB and obstructive-SDB groups, with 

monitoring of device data only for the obstructive-SDB group. 

 The main purpose of the study was to evaluate in patients with SDB the effect of S/V on RV 

function, then its evolution at 3 months. 

2.2. Statistical analysis  

Continuous data were tested for normal distribution with the Kolmogorov-Smirnov test. 

Normally distributed continuous variables are presented as mean ± standard deviation. 

Continuous variables with skewed distribution are reported as median (inter-quartile range). 

Categorical variables are summarized in terms of counts and percentages. Three group 

comparisons were performed using analysis of variance (ANOVA) or Kruskal-Wallis tests for 

quantitative data. Qualitative variables were compared using the 
2
 test or Fisher’s exact test 

in case of a significant global effect. Evolutions between initial and final evaluations were 

studied using Student’s paired test or the Wilcoxon paired test for quantitative variables and 



McNemar’s exact test for qualitative variables. A bilateral P-value of < 0.05 was considered 

to indicate statistical significance. Missing data were not imputed. All analyses were 

conducted by the Clinical Research and Epidemiology Unit at the Montpellier University 

Hospitals using SAS, version 9.04 (SAS Institute, Cary, NC, USA). 

 

3. Results 

The study flowchart is depicted in Fig. 1. One hundred and seventy-three patients were 

recruited with symptomatic HFrEF between September 2016 and September 2019. Twenty-

five patients were excluded because they did not meet the inclusion criteria, and 24 patients 

were excluded because of consent withdrawal. A total of 118 patients underwent NVP: 41.5% 

were in the central-SDB group; 22.9% in the obstructive-SDB group; and 35.6%in the no-

SDB group. At 3 months, 17 patients were excluded from the analysis (Fig. 1). Four patients 

(3.4%) did not attend the second visit because of consent withdrawal or loss to follow-up(n = 

2, 1.7%) or because treatment was interrupted as a result of suspected adverse events (n = 5, 

4.2%). Therefore, the overall data analysis involved 101 patients for whom the 3-month 

evaluation was possible.  

Table 1 summarizes patients’ characteristics at baseline. In the overall study population, the 

majority of patients were male (81.2%), with a mean age of 64.6 ± 12.8 years. The three 

groups of patients had similar clinical features and risk factors. In the general population, the 

most frequent cause of heart failure was ischaemic heart disease (61.0%). Patients had an 

implantable cardioverter-defibrillator more frequently in the no-SDB group (n = 26, 66.7%) 

than in the central-SDB group (n = 15, 37.5%; P = 0.0285) or the obstructive-SDB group (n = 

8, 36.4%; P = 0.0443). The presenting rhythm was less frequently sinus rhythm in the central-

SDB group(n = 23, 59.0%) compared with in the no-SDB group (n = 36, 92.3%;P = 0.0018) 

or the obstructive-SBD group (n = 20, 90.9%; P = 0.0173). 



 

 

 

 

Higher N-terminal prohormone of brain natriuretic peptide values were recorded in the 

central-SDB group(3156.05 ± 3624.99 pg/mL) than in the no-SDB group(1839.51 ± 2833.65 

pg/mL; P = 0.0167). The groups also received similar heart failure therapy.  

At inclusion, the median obstructive AHI in the obstructive-SDB group was 24.75 (18.90; 

31.30) events/h, whereas the central index in the central-SDB group was 16.10 (9.20–31.35) 

events/h.  



Echocardiographic data at the time of inclusion are shown in Table 2. The mean LVEF was 

30.21 ± 7.71% and the median cardiac output was 4.20 (3.60; 5.90) L/min. Left chamber 

diameter and volume values all showed ventricular dilatation (mean LV end-diastolic volume 

was 201.45 ± 82.05 mL). In the whole population, the median TAPSE was 18.00 (15.00; 

21.00) mm and the mean sPAP was 38.25 ± 12.36 mmHg. There were no differences in 

echocardiographic values at inclusion between groups, except for the TAPSE value, which 

was significantly lower in the central-SDB group than in the no-SDB group: 16.00 (12.00; 

19.00) vs. 19.00(17.00; 21.00) (P = 0.0314). 

 

 

3.1. Three-month follow-up  

At 3 months, 35 patients (34.65%) completed follow-up with a dose of 97/103 mg twice daily, 

29 patients (28.71%) were on an S/V dose of 49/51 mg twice daily and 30 (29.7%) were on an 

S/V dose of24/26 mg twice daily.  

During the 3-month follow-up period, 19 patients (18.8%) were readmitted (seven for heart 

failure). No death occurred in the study, and no angio-oedema was observed during follow-

up.  

After 3 months of S/V therapy, there was a positive impact on RV function. When 

considering the total population, there was an improvement in RV systolic function assessed 

by an increase in TAPSE of +1.32 ± 4.74 mm (P = 0.024). This improvement remained 

constant in all three groups (P = 0.58) (Online supplement TableA.1 and Fig. 2A). In addition, 

there was a significant impact on sPAP, which decreased by 3.1 ± 10.91 mmHg (P = 0.048). 

This variation was significantly different between the three groups (P = 0.022)(Online 

supplement Table A.1 and Fig. 2B). 

Regarding the evolution of LV function in the whole population, there was a positive impact 

on LV remodelling assessed by a decrease in LV end-diastolic diameter of −2.55 ± 6.56 

mm(P = 0.001) and improved cardiac output, which increased by +0.10(−0.50; 1.70) L/min (P 

= 0.118). LVEF had a moderate, but significant, increase of +1% (0%; 7%) (P < 0.001). 

After 3 months of treatment, patients in the central-SDB group experienced a significant 

improvement in clinical and echo cardio-graphic variables (Online supplement Table A.1). In 

particular in this group, LVEF increased by +2.00% (0.0%; 10.0%) (P = 0.001) and LV end-

diastolic diameter reduced by −2.7 ± 6.9 mm (P = 0.043). There was also a significant 

increase in TAPSE of +2.1 ± 4.9 mm (P = 0.045;Fig. 2A) and a reduction in sPAP of −8.4 ± 

9.7 mmHg (P = 0.001;Fig. 2B). 

 

 

 



 

 

LVEF also increased significantly in the no-SDB group, by +2.0% (0.0%; +7.0) (P = 0.016). 

In contrast, patients in the obstructive-SDB group showed a trend towards improvement, but 

without statistical significance.  

The 3-month reduction in N-terminal prohormone of brain natriuretic peptide values was 

significant in all three groups (with the absolute value of difference being higher in the 

obstructive-SDB group: −309.00 (−1281; +164.0) pg/mL (P = 0.043) (Online supplement Table 

A.1). 



The impact on respiratory indices in patients with SDB has been published elsewhere [13]. 

 

 

4. Discussion 

After 3 months of treatment, S/V improved RV function in patients with both heart failure and 

SDB. More specifically, patients with central sleep apnoea syndrome seemed to derive greater 

benefit in terms of RV function. Although some studies and meta-analyses have shown a 

positive effect of S/V on RV function [4–8],to the best of our knowledge, the effect has not 

been evaluated prospectively in patients with heart failure and SDB.SDB is a highly prevalent 

co-morbidity in patients with CHF, and potentially impacts prognosis. The prevalence of 

SDB, pre-dominantly either central or obstructive sleep apnoea, has been reported in up to 

76% of patients with CHF with HFrEF [16]. Whereas obstructive sleep apnoea has been 

shown to be an independent risk factor for the development of CHF [17], and to increase the 

morbidity and mortality of CHF [18], central sleep apnoea also appears to be a marker of CHF 

severity, and is thought to mirror cardiac dysfunction [19,20]. However, both central and 

obstructive sleep apnoea interfere with neurohumoral systems, and thus may worsen CHF, for 

example, by increasing sympathetic and renin-angiotensin-aldosterone activity, salt and water 

retention, tachycardia or peripheral vasoconstriction [10, 11].S/V has a dual effect: neprilysin 

inhibition and inactivation of the renin-angiotensin-aldosterone system. Through inactivation 

of many neuro hormones (such as angiotensin II, aldosterone and endothelin-1), modulation 

of gene expression (such as trans-forming growth factor- _1) and promotion of re-

endothelization, S/V leads to natriuresis, vasodilation and anti-apoptotic, anti-fibro-tic, anti-

inflammatory and antithrombotic reactions, as well as decreased cardiac hypertrophy, and 

ultimately decreases cardiac decompensations [21–23]. More precisely, regarding right 

cavities, S/V might improve function by inducing RV function recovery and decreasing its 

afterload by multiple mechanisms, which has been demonstrated in some studies 

[24,25].Regarding SDB, the combination therapy of S/V has mechanisms of action known to 

counteract the pathophysiology of both obstructive and central sleep apnoea in patients with 

CHF (e.g. extracellular fluid overload, cardiac injury and sympathetic nervous system 

activation) [12]. Jaffuel et al. [13] demonstrated how S/V improves respiratory indices (e.g. 

AHI) in patients with SDB, and particularly in those with central sleep apnoea, who received 

drug treatment alone without ventilatory treatment. Consistent with the literature [26–28], 

symptomatic patients with HFrEF in our study experienced a substantial improvement in 

cardiac function variables (both right and left) after S/V treatment. Importantly, our study 

provides data supporting a positive impact of S/V on RV function in patients with HFrEF and 

SDB, especially int he subgroup of patients with central sleep apnoea syndrome. Our data 

agree with those of the Daunia 2020 registry, although this was a smaller cohort of 60 

patients, demonstrating an increase in TAPSE of +1.3 mm and a reduction in sPAP of −3.7 

mmHg, with an independent improvement in LV variables [5, 24]. This also encourages the 

widespread use of TAPSE, which remains the cornerstone of RV evaluation in patients with 

both heart failure and SDB, and is very easy to obtain by all cardiologists as well as non-



expert sonographers. Importantly, the greatest improvements after 3 months of S/V treatment 

occurred in the central-SDB group. In these patients there was a significant increase in 

TAPSE of +2.1 ± 4.9 mm (P = 0.045) and a reduction in sPAP of −8.4 ± 9.7 mmHg (P = 

0.001).These results can be explained in several ways. Firstly, the central sleep apnoea 

subpopulation could be considered the most severe, and therefore could benefit most from this 

drug. Secondly , as the pathophysiological pathways are intricate, S/V could more effectively 

target common pathways, particularly the neurohormonal and sympathetic, activated by heart 

failure itself, but also in central sleep apnoea. Thirdly, a specific beneficial impact on 

sympathetic stimulation could help to reduce alveolar hyperventilation and avoid 

hypocapnia/hypercapnia cycles that favour central sleep apnoea [29]. Additionally, S/V could 

directly reduce preload by a diuretic effect, and be responsible for improving LVEF and LV 

remodelling (the so-called interrelationship between LV and RV), as noted above [3]. Finally, 

central sleep apnoea in heart failure is probably caused by instability of ventilatory control 

systems, and patients with central sleep apnoea exhibit increased chemo-responsiveness that 

promotes hyperventilation and hypocapnia [20, 30, 31]. A contributing factor to 

hyperventilation is the stimulation of pulmonary vagal irritant receptors by pulmonary venous 

congestion. Induced hyperventilation often pushes arterial car-bon dioxide pressure below the 

apnoeic threshold, leading to a reduction in central respiratory drive [20, 30, 31]. From the 

patho-physiological point of view, S/V could then have pleiotropic effects that are promising 

in the complex interrelationship between heart failure and central sleep apnoea syndrome. All 

of these considerations are interesting, but are probably also intricate in various ways, 

depending on the clinical profile (such as improvement in central events and/or improvement 

in global cardiac remodelling). Furthermore, dynamic effects may occur with various 

pathophysiological pathways, as a result of increased treatment, rehabilitation, etc. However, 

one strength of our work was to show such effects in a very short-time frame: in less than 3 

months, we were able to show prominent changes in clinically reliable data. The other two 

groups of patients also experienced improvements in RV function variables, although these 

were not significant. We cannot exclude a lack of power. Therefore, our data suggest that the 

initial management of patients with SDB and CHF should be optimization of heart failure 

treatment [1, 30–32]. In favour of this, some recent publications support a similar impact of 

dapagliflozin in terms of improving SDB [33]. Our results are even more promising, because 

the greatest effect was observed in patients with central sleep apnoea syndrome; these patients 

lack effective ventilatory treatment [11, 34, 35] because of the possible negative impact on the 

RV by auto-served ventilation in this setting [34, 35].Therefore, S/V is of paramount 

importance in the recovery of cardiac function; the beneficial impact is not only on the LV, 

which is well established, but also on the right cavities. S/V is beneficial inpatients with SDB, 

particularly in those with greater comorbidities and the most severe form (central SDB). 

4.1. Strengths and limitations  

This was an observational multicentre study with its associated well-known bias, but it 

reflects real-life practice. Hence, the results from our analysis should be considered only as 

hypothesisgenerating. Other limitations must be considered. Firstly, a restricted number of 

patients were included. In addition, a significant amount of echocardiographic data were 



missing from both the initial and final evaluations, and this was definitely a limitation of our 

subanalysis. Despite this, we were able to show a significant difference in the primary 

outcome. Secondly, the ultrasound data were not analysed blindly by a core laboratory, but 

were collected from the ultrasound reports. This certainly inserted biases (such as the 

experience of the opera-tors, the different ultrasound machines used in the various centres and 

inter- and intra-observer variability) that are difficult to detect and undo. Thirdly, AHI was 

determined by NVP and not polysomnography, which obviously underestimates AHI in 

comparison. Fourthly, it might have been interesting to extend the ultrasound analysis by 

including two-dimensional strain measurements, but this analysis was performed too 

infrequently. On the other hand, this could appear as a strength too, as the variables studied 

are easy to obtain in real-life practice and could then be easily integrated into daily practice. 

Fifthly, the study was performed before the availability in France of sodium-glucose co-

transporter-2 inhibitors, so no patients received them, even for extracardiac indications. 

Finally, the 3-month follow-up allowed us to show early results of the treatment, but longer-

term evaluation could have allowed us to confirm these initial data. 

 

5. Conclusion 



 

Treatment with S/V results in short-term improvement of RV function in patients with both 

heart failure and SDB, especially in patients with central SDB. S/V results in a significant 

improvement in RV function assessed by TAPSE and sPAP, which are easy variables to 

obtain. This study opens important perspectives for the treatment of SDB in patients with 

heart failure, which should be evaluated on a larger scale and confirmed with prospective 

randomized clinical trials (Central illustration). 
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