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Zusammenfassung 

Herzinsuffizienz (HF) ist eine komplexe und lebensbedrohliche Erkrankung, die durch 

eine hohe Morbidität und Mortalität gekennzeichnet ist. Weltweit sind fast 63 Millionen 

Menschen von HF betroffen. Schlafapnoe ist eine häufige Komorbidität bei Patienten mit 

HF und steht in Verbindung mit einer schlechten Prognose. Es besteht ein wach-sendes 

Interesse an der Behandlung von Komorbiditäten und der Optimierung der HF. In dieser 

Studie wurde versucht, die Wirkungen von Transkatheter Klappenimplantati-on (CAVI) 

und Sacubitril-Valsartan (SV) bei Patienten mit HF und Schlafapnoe zu be-werten. 

Achtunddreißig HF-Patienten, die sich einem tragbaren Apnoe-Aufzeichnungsgerät, 

einer echokardiografischen Untersuchung und einem kardi-opulmonalen Belastungstest 

(CPET) unterzogen, wurden in die Studie aufgenommen. In der ersten Studie wurde CAVI 

als eine relativ neue Behandlungsoption für HF-Patienten bewertet. Jedoch wurden keine 

signifikanten Veränderungen bei den Schlafvariablen nach der CAVI beobachtet. In der 

zweiten Studie untersuchten wir die Wirkung von SV auf zentrale Apnoe (CA) / obstruktive 

Apnoe (OA) bei HF-Patienten. Die Ergebnisse zeigten, dass die SV-Behandlung mit einer 

signifikanten Verringerung des respiratorischen Ereignisindex (REI) verbunden war. SV 

könnte eine vielverspre-chende therapeutische Option für CA sein. Weitere und 

längerfristige prospektive Fol-gestudien sind erforderlich. 
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Abstract 

Heart failure (HF) is a complex and life-threatening disease characterized by high 

mobidity and mortality. Nearly 63 million people worldwide are affected by HF. Sleep 

apnea is a common comorbidity in patients with HF and is associated with a poor 

prognosis. There is a growing interest in treating comorbidities and optimizing HF. This 

study attempted to assess the effects of transcatheter valve implantation (CAVI) and 

sacubitril-valsartan (SV) in patients with HF and sleep apnea. Thirty-eight HF patients 

who underwent portable apnea recording device, echocardiographic evaluation, 

cardiopulmonary exercise test (CPET) were enrolled. The first trial evaluated CAVI as a 

relatively new treatment option for patients with HF. However, no significant changes 

were observed in sleep variables after CAVI. In the second trial, we aimed to investigate 

the impact of SV on central apnea (CA) / obstructive apnea (OA) in HF subjects. The 

results showed that SV treatment was associated with a significant reduction in 

respiratory event index (REI). SV could be a promising therapeutic option for CA. More 

and longer-term follow-up prospective studies are needed. 
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1. Introduction 

Sleep disordered breathing (SDB) consists of two main categories, obstructive sleep 

apnea (OSA) and central sleep apnea (CSA). Patients who have SDB experience apnea 

and hypopnea events during their sleep [1]. Breathing can stop completely, possibly as a 

result of airway collapse or decreased respiratory drive and cessation of inspiratory effort 

[2]. The apnea-hypoventilation index (AHI) is the number of episodes of apnea or 

hypoventilation during a 1 hour of sleep and helps determine the severity of sleep apnea 

(SA) [3, 4]. 

Heart failure (HF) is a common disease in developed countries, affecting at least 1-

2% of adults [5]. Despite significant advances in treatment, the prognosis for patients with 

CHF remains poor: within 5 years, approximately half of all elderly or hospitalized HF 

subjects die [6]. SA is common in patients with HF. Statistically, almost 81% of patients 

with HF have SA. The most common type is OSA, with a prevalence of 15-20% in middle-

aged adults. OSA is present in up to 60 percent of individuals with heart failure. CSA is 

predominantly seen in patients with HF, with an estimated prevalence of 30-50%. Notably, 

OSA and CSA can occur in a mixture in the same patient, but one is the predominant one 

[7-10]. Current mechanisms of HF in apnea patients include intermittent hypoxia, 

increased sympathetic nervous system activity, increased cardiac load, and vascular 

endothelial dysfunction.  

 

Clinical studies have demonstrated that optimization of HF treatment could improve 

cardiac function and CSA [11, 12]. Reduced cardiac output and increased preload are 

the key pathogenic mechanisms of CSA [13]. Thus, CSA events are more severe during 

HF exacerbations [14]. Similarly, jugular vein congestion can lead to upper airway 

instability, which can exacerbate potential OSA, particularly when the patients are in their 

supine position during sleep [15]. A study showed that volume shifts in the lower extremity 

during sleep are associated with increased AHI in SA in patients with HF [16]. Volume 

overload appears to be a direct cause of jugular venous congestion, which exacerbates 

OSA, and interstitial lung congestion, which promotes CSA. As a result, deteriorating HF 

may result in an increase in central and obstructive apnea [17]. So, optimizing HF therapy 

is still the most important first step in treatment. For people with high blood pressure, 

medicines and medical devices can help them sleep better. This is because they can cut 
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back on volume overload and keep more of it from moving into the lungs and neck [18]. 

Treatment guidelines for HF are a standard of care in modern HF management in 

developed nations, and the HF team is constantly improving them. As a result, it is 

unknown how important HF optimization is in the therapeutic therapy of newly diagnosed 

CSA or OSA in stable HF patients [19]. However, optimizing HF may be critical in 

determining whether to commence PAP therapy for SDB, which is diagnosed in patients 

who have not yet received optimal HF-based guideline therapy. In these instances, it may 

be prudent to review the kind and severity of SDB after initiating appropriate HF treatment. 

CSA has been treated with adaptive servo-ventilation (ASV), continuous positive airway 

pressure (CPAP), bi-level positive airway pressure with back-up respiratory rate, and 

drugs such as theophylline and acetazolamide[20]. None of these treatment options are 

effective in the long term. The optimal method for managing CSA in CHF remains 

debatable. Therefore, multiple therapy options are now being studied. 

Tricuspid regurgitation (TR) is a common symptom of HF and is linked to an 

increased risk of death [21]. Current guidelines recommend surgical reconstruction or 

replacement of the tricuspid valve as the primary treatment strategy followed by drug 

therapy [22, 23]. However, new treatment options are needed as the elderly cannot 

tolerate surgery [24, 25]. Transcatheter caval valve implantation (CAVI) is a promising 

therapeutic option that has been proposed. It is designed to address the problem of 

luminal regurgitation that occurs late in severe TR. In a study of CSA subjects with HF, a 

decrease in AHI was found after heart transplantation and pharmacological treatment [26]. 

Another study found that a 64-year-old man with CSA also had improved sleep and 

breathing disorders after mitral valve transplantation[27]. Nevertheless, some studies 

have indicated that transcatheter aortic valve replacement does not alleviate sleep apnea 

in subjects with CHF [28, 29].  

Sacubitril-valsartan (SV) has been characterized as an angiotensin-receptor 

neprilysin inhibitor (ARNI) for the therapy of congestive HF with decreased ejection 

fraction (HFrEF). A considerable number of studies have displayed that angiotensin-

converting enzyme inhibitors (ACEIs) are effective in patients with HF and CSA [30]. 

Treatment with SV was suggested in a study to reduce overall mortality and HF-related 

hospitalizations compared with ACEI treatment [31]. The pathogenesis of OSA and CSA 

such as sympathetic nervous system activation in patients with CHF may be countered 

by SV combined therapy, which has a known mechanism of action [32]. Thus, SV 
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interferes with the neurohumoral system and ameliorates CHF by reducing renin-

angiotensin-aldosterone and sympathetic activity, two more potential contributors in the 

pathogenesis of SA [33]. Therefore, it is an excellent option for the correction of SA in 

CHF patients. SV is currently the cornerstone of clinical therapy in subjects with HFrEF 

who remain symptomatic despite adequate treatment with ACEIs, β-blockers, and 

mineralocorticoid receptor antagonists [34]. Although combination therapy is associated 

with improved HF, to our knowledge, studies on the impact of SV on central apnea (CA) 

/obstructive apnea (OA) are still scarce [35]. 

In this thesis, I aimed to assess; 1) Could CAVI and SV be used to enhance sleep 

variables? 2) Is it possible for CAVI and SV treatment to have a beneficial effect on 

echocardiographic parameters? 3) Could CAVI and SV affect CPET parameters? 4) 

Could CAVI and SV have an impact on N-terminal-pro-B-type natriuretic peptide (NT-pro 

BNP)?  
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2. Methodology 

All methods used are described in detail in selected publications. In this section, only the 

main materials and methods relevant to the results and experimental purposes are 

summarized. 

2.1 Clinic data collection 

Publication 1[36] investigated associations between CAVI and sleep apnea (Figure 1). 

Publication 1 followed the inclusion criteria (Laule et al., 2019): (1) TR is at least severe; 

(2) NYHA II-IV; (3) older than age 50 years; and (4) high risk with surgery. Exclusion 

criteria: (1) inferior vena cava (IVC) diameter ≥ 31 mm; (2) ongoing SA treatment; (3) 

reluctance to use Apnealink; (4) serum creatinine concentration ≤ 3.0 mg/dl; (5) declined 

to sign informed consent form; (6) chronic kidney disease requiring scheduled dialysis; 

(7) Left ventricular ejection fraction (LVEF) ≤ 30%.  

 

Figure 1 CAVI study flow chart (own representation). 

 

Publication 2 [37] focused on the impact of initiating SV on CA/OA patients and enrolled 

18 participants with HFrEF (Figure 2). The following data were collected: age, height, 

weight, NYHA functional class, systolic and diastolic blood pressure, medications, and 

basic diseases such as arterial hypertension and diabetes mellitus. The following criteria 
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were used to determine inclusion: subjects (age ≥ 60) with HF (NYHA class II-IV); LVEF 

≤ 40%; patients must have received stable doses of standard-of-care HF medication for 

at least one month before the study; a blood test result of serum potassium ≤ 5.2 mmol/L, 

estimated glomerular filtration rate (eGFR) ≥  30 ml/min/1.73 m2 and systolic blood 

pressure (SBP) ≥ 100 mmHg. Those with severe valvular disease, hypertrophic 

obstructive cardiomyopathy, previous or planned heart transplantation, and unstable 

angina within 6 months were excluded. All patients completed an informed consent form 

and were performed with the approval of the local ethics committee. 

 

Figure 2 SV study flow chart(own representation). 

 

2.2 Portable Monitoring 

Apnealink (ResMed, Germany) was used to assess pulse oximetry and nasal flow in 

Publication 1[36] and Publication 2[37]. Participants are instructed by researchers with 

comprehensive training in the standard use of the equipment. Apnea was defined as a 

sustained reduction in airflow of greater than 90% from baseline that lasted more than 10 

seconds. The respiratory event index (REI) is defined as the number of apnea and 

hypopnea occurrences observed per hour during a specified period. 
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2.3 Treatment 

In Publication 1[36], self-expanding valve for implantation in the IVC to protect abdominal 

vessels from high blood pressure and systolic backflow in people who have a lot of TR. 

Using this device, you don't have to worry about blocking hepatic venous inflow below 

your diaphragm. The proximal stent segment is then attached to a three-leaf porcine 

pericardial valve. A sleeve is then placed inside the valve up to the base of the leaflet to 

keep it from leaking. All implantations were conducted under local anesthetic and via 

transfemoral venous access with transthoracic echocardiography. 

In Publication 2[37], patients will receive SV twice daily, adjusted for renal function and 

hemodialysis tolerance, at the dose permitted by the European Union. Patients will be 

encouraged to take the study drug daily in conjunction with their usual prescription, 

according to approved instructions that follow the best medical treatment 

recommendations in current European HF guidelines.  

The formula for duty ratio (DR) is:  

𝐷𝑅 =  
𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑜𝑟𝑦 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑐𝑦𝑐𝑙𝑒 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛
 

The formula to calculate loop gain (LG) is: 

𝐿𝐺 =
2𝜋

(2𝜋 ∗ 𝐷𝑅 − sin(2𝜋 ∗ 𝐷𝑅))
 

2.4 Laboratory Testing, Echocardiography and CPET 

In Publication 1[36] and Publication 2[37], the blood sample will be taken by the nurse for 

evaluation. The eGFR was determined using a biochemical auto-analyzer. All patients 

had routine transthoracic and transesophageal echocardiogram in two- and three-

dimensions. LVEF, tricuspid annular plane systolic excursion (TAPSE), and other EKG 

parameters were all analyzed. All recordings were made using ultrasound equipment. All 

patients underwent symptom-limited CPET on a cycle ergometer, which entailed pedaling 

at 60 rpm with a burden of 20 W, followed by a stepwise 20-W increment every 2 minutes 

until exhaustion. 

 

2.5 Statistical analysis 
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To describe baseline characteristics, descriptive statistics (means and standard 

deviations) were utilized. Numbers (n) and percentages (%) are used to express 

categorical variables.  

In Publication 1[36], data were followed a normal distribution and analyzed using paired 

t-test and independent samples t-test for intra- and inter-group comparisons, respectively. 

In Publication 2[37], due of the dependency on both populations before and after, paired 

t-tests were performed (for data with a normal distribution) and Wilcoxon tests (for data 

with an abnormal distribution). P < 0.05 was chosen as the threshold for statistical 

significance. To evaluate the statistical data, SPSS version 25.0 was employed (IBM, 

Armonk, NY, USA). 
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3. Results 

The studies' findings are detailed in the "Selected Publications" paper. Only the most 

important results are summarized and briefly described in this section. 

 

In Publication 1[36], baseline characteristics are shown in Table 1. During the trial period, 

no medication was changed. After CAVI, no significant changes were observed in 

echocardiographic, blood testing, or sleep parameters (P > 0.05) (see  

Table 2 and Figure 3).  

 

Table 1 Patient demographics and baseline characteristics of CAVI study (own 
representation). 

 Patients (n = 29) 

Age (years)  75.17 ± 8.38 

Male (%) 9 (31) 

BMI（kg/m2） 25.10 ± 4.25 

NYHA class  

I 1 (3.4) 

II 26 (89.7) 

III 2 (6.9) 

TR (severe) 29 (100) 

Pulmonary hypertension  

No 11 (37.9) 

Primary 4 (13.8) 

Secondary 7 (24.1) 

Combined 3 (10.3) 

PAP mean (mmHg) 27 ± 11.48 

PCWP mean (mmHg) 16 ± 5.49 

Arterial hypertension  29 (100) 

Nicotine abuse  5 (17.2) 

Obstruction COPD 8 (27.6) 

GFR (ml/min) 47.65 ± 18.85 

Renal insufficiency  
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Normal 0 

Mild 6 (20.7) 

Moderate 14 (48.3) 

Severe 6 (20.7) 

Diabetes mellitus   

No 21 (72.4) 

Type 1 1 (3.4) 

Type 2 7 (24.1) 

LVEF (%) 57.21 ± 7.29  

PAP: pulmonary arterial pressure. 

 

Table 2 Comparison of echocardiographic findings between CAVI-pre and CAVI-post 
after 1 month (own representation). 

 CAVI-pre 

(n = 3) 

CAVI-post 

(n = 3) 

P value 

LEVEF, % 54 ± 10 49 ± 9 0.383 

TR vmax, m/s 2.8 ± 0.28 2.43 ± 0.29 0.5 

RVFAC, % 12 30 ± 2 - 

RV S', cm/s 7.95 ± 0.5 8.37 ± 1.7 0.892 

TAPSE, mm 17± 11 17 ± 9 0.853 

RV strain mid, % -16 -24 ± 5.66 - 

Stroke volume index, L/min/m2 29 ± 9.9 23.93 ± 1.79  0.548 

Cardiac index, l/min 2.2 ± 0.14 2.2 ± 0.56 0.205 

Data are presented as mean ± SD. RVMPI: right ventricular myocardial performance 

index. 
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Figure 3 Comparison between CAVI-pre and CAVI-post group (own representation). 
SaO2: oxygen saturation; HR: heart rate; T90: SaO2 < 90% min. 

 

In publication 2[37], baseline characteristics are displayed in Table 3. SV has been 

demonstrated to be related to a statistically significant reduction in NT-pro BNP (see 

Figure 4). As compared to the portable monitoring variables between baseline and three 

months after SV titration, there were significant differences in AHI, apnea length, cycle 

length, ODI, RI, T90, DR, loop gain, and circulatory delay (all P < 0.05). After optimization 

of HF-treatment with SV, we saw a complete significant decrease of T90 (time of oxygen 

saturation under 90%) and a marked reduction of AHI, cycle length, apnea length and 

circulatory delay (Table 4).  

 

Enhanced systolic and diastolic function of the left ventricle (LV), as measured by 

a rise in LV end-diastolic diameter, and enhanced LV reverse re-modeling, as indicated 

by an increase in LVEF, were also associated with SV. However, there were no 
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statistically significant changes in TAPSE (p = 0.392) or systolic pulmonary artery 

pressure (sPAP) (see Figure 4). Echocardiography showed a significant increase of the 

RV-FAC (P = 0.001) and cardiac index (p = 0.078). ECG findings are listed in Table 5. 

CPET variables showed no differences after SV treatment. The effect of SV was 

significantly associated with a reduction in REI in the subgroup of patients with OA (p = 

0.039). Furthermore, in the CA subgroup, SV was related to a reduction in REI (p = 0.018). 

SV may reduce the minimum oxygen saturation and the amount of time spent with T90 

(all p < 0.05) (see Figure 5). 

 

Table 3 Baseline characteristics of SV study (own representation). 

 Patients (n = 18) 

Age (years)  66.67 ± 10.73 

Male  15 (83.33) 

BMI（kg/m2） 43.80 ± 50.22 

NYHA class  

II 9 (50) 

III 9 (50) 

NT-pro BNP (pg/ml) 1792.06 ± 1271.25 

Comorbities  

Atrial fibrillation / flutter 4 (22.22) 

Valvular heart disease 4 (22.22) 

LVEF (%) 57.21 ± 7.29  

Diabetes 3 (16.67) 

Hypertension 14 (77.78) 

COPD 5 (27.78) 

Myocarditis 2 (11.11) 

Peripheral artery/ cerebrovascular/ 

aortic disease 

4 (22.22) 

Cardiac infarction 4 (22.22) 

Active smoker 4 (22.22) 

Hyperlipidemia 8 (44.44) 

Medications  

Beta blocker 16 (88.89) 
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Loop diuretics 13 (72.2) 

Others  

CABG 4 (22.22) 

ICD 13 (72.22) 

CRT 3 (16.67) 

COPD: chronic obstructive pulmonary disease. 

 

Table 4 Changes of sleep parameters after SV (own representation). 

 SV-pre (n=18) SV-post (n=18) P value 

Cycle length (s) 68 ± 15 53 ± 13 ＜0.001
＊
 

Ventilation length (s) 41 ± 10 36 ± 10 0.018
＊
 

Apnea length (s) 27±10 17±11 ＜0.001
＊
 

ODI (e/h) 16 ± 15 9 ± 7 0.016
＊
 

SO2 basal (%) 93 ± 2 95 ± 2 0.053
＊
 

min SO2 (%) 80 ± 4 80 ± 8 0.812
＊
 

min HR (bpm)  50 ± 9 48 ± 8 0.631
＊
 

max HR (bpm) 106 ± 24 100 ± 22 0.458
＊
 

mean HR (bpm) 66 ± 9 62 ± 7 0.137
＊
 

Circulatory delay (s)  43 ± 10 31 ± 10 ＜0.001
＊
 

DR 0.60 ± 0.09 0.69 ± 0.16 0.006
＊
 

LG 1.57 ± 0.53 1.51 ± 1.06 0.734
＊
 

AHI (e/h) 20 ± 23 7 ± 7 0.003# 

RI (e/h) 19 ± 18 10 ± 7 0.011# 

T90 (SO2 <90% in min) 119 ± 128 42 ± 86 0.001# 

Cycle length (s) 68 ± 15 53 ± 13 ＜0.001
＊
 

Ventilation length (s) 41 ± 10 36 ± 10 0.018
＊
 

Apnea length (s) 27 ± 10 17 ± 11 ＜0.001
＊
 

P* stands for the paired T test. P# stands for Wilcoxon test. DR: duty ratio; LG: loop gain. 

 

Table 5 Echocardiographic findings (own representation). 

 SV-pre (n=18) SV-post (n=18) P value 



 17 

LVEF (%) 31.77 ± 6.86 42.65 ± 8.62 ＜0.001
＊
 

Cardiac index (L/min/m²) 2.06 ± 0.63 2.43 ± 0.55 0.078#  

Strain LV (%) -9.29 ± 3.52 -10.67 ± 6.63 0.412
＊
 

s` (cm/s) 4.55 ± 1.37 5.21 ± 2.02 0.159
＊
  

MAPSE sept (mm) 6.56 ± 1.34 8.33 ± 2.59 0.003
＊
 

MAPSE lat (mm) 9.83 ± 2.55 11.33 ± 3.22 0.042
＊
 

LVEDD (mm) 59.94 ± 6.9 56.83 ± 9.6 0.025
＊
 

LVESD (mm) 50.72 ± 9.09 44.5 ± 10 0.001
＊
 

LVEDV (ml)  160.06 ± 61.6 141.71 ± 49.11 0.052
＊
  

LVESV (ml) 110.39 ± 48.13 83.29 ± 39.64 0.001#  

E (m/s) 0.74 ± 0.28 0.72 ± 0.3 0.810
＊
 

e' (cm/s) 6.71 ± 2.48 6.58 ± 2.87 0.865# 

E/e' 11.87 ± 4.94 12.58 ± 7.77 0.594
＊
 

A (m/s) 0.66 ± 0.25 1.43 ± 1.82 0.072#  

DT (ms) 243 ± 97.78 257.18 ± 146.07 0.623
＊
 

IVRT (cm/s)  125.53 ± 56.62 124.71 ± 60.74 0.712# 

LA-Index (ml/m²) 55.07 ± 40.81 53.87 ± 46.42 0.379# 

Sys PAP (mmHg) 25.75 ± 10.71 21.29 ± 12.86 0.623# 

Vp (cm/s) 43.53 ± 11.35 39.5 ± 10.98 0.377
＊
 

RV-IVRT (cm/s)  66.44 ± 49.5 47.88 ± 28.04 0.167# 

RV-AT (ms) 102.71 ± 34.54 126.27 ± 36.49 0.015
＊
 

TAPSE (mm) 18.72 ± 4.23 19.67 ± 2.85 0.392# 

RV-S` (cm/s)  8.94 ± 2.05 11.12 ± 2.76 0.006
＊
 

RV-FAC (%) 29.47 ± 10.44 39.41 ± 9.27 0.001
＊
  

NYHA class    0.005 

II 9 (50) 6 (33.33)  

III 9 (50) 4 (22.22)  

P* stands for the paired T test. P# stands for Wilcoxon test. MAPSE: mitral annular plane 

systolic excursion; s`: systolic velocity in tissue doppler imaging; LA-Index: left atrial index; 

Sys PAP: systolic pulmonary artery pressure; Vp: velocity of flow progression.  

 

Table 6 Changes in CPET (own representation). 
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 SV-pre (n=18) SV-post (n=18) P value 

Max VE (l/min) 50.57 ± 13.79 47.14 ± 12.27 0.416# 

Ref BF (l/min) 18 ± 5.03 19.57 ± 4.72 0.329
＊
 

Max BF (l/min)  27 ± 5.77 26 ± 5.42 0.643
＊
 

Max VO2 (ml/min) 1157 ± 300 1097 ± 337 0.130
＊
 

Max O2/HR (ml)  11.64 ± 3.96 11.97 ± 3.31 0.316
＊
 

FEV1 (L)  2.63 ± 0.8 2.85 ± 0.75 0.209
＊
 

NT-pro BNP (pg/ml) 1792 ± 1271 876 ± 984 0.001# 

Data are presented as mean ± SD. BF: breathing frequency; Ref: reference; Max VO2: 

maximal oxygen uptake; FEV1: forced expiratory volume for one second. 

 

 

Figure 4 Changes in heart remodeling and blood examination (own representation). * = p 
< 0.05; ** = p < 0.01; *** = p < 0.001.  
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Figure 5 Changes of REI, oxygen saturation (SaO2) and T90 after SV in subgroups (own 
representation). * = p < 0.05; ** = p < 0.01; *** = p < 0.001.  

 

Comparison of main findings between CAVI study and SV study. 

SV treatment could affect sleep variables (AHI, ODI and T90), EKG parameters, NT-pro 

BNP, but CAVI could not change these parameters significantly Figure 6. 
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Figure 6 Comparison of main findings between CAVI study and SV study (own 
representation). 
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4. Discussion 

In my doctoral thesis, I investigated multiple treatment options for sleep apnea 

patients with HF through two trials: CAVI and SV. 

In Publication 1[36], we showed that CAVI had no significant impact on HF and SA 

patients. We also found no link between SA and poor outcomes after CAVI. This result is 

consistent with the previous study, they could not prove a relationship between SDB and 

postoperative outcomes in this cohort (107 patients) [38]. CAVI treatment is a newly 

designed valve replacement approach for participants with HF and severe TR who have 

high surgical risks [39]. Between CAVI-pre and CAVI-post groups, no significant changes 

were observed in sleep parameters. This result is contrary to past study that 

demonstrated improvement in SA patients with HF after heart valve surgery[40]. Although 

clinical data on the efficacy of transcatheter tricuspid valve interventions (TTVI) are scarce 

to date, the feasibility of using a variety of procedures has been demonstrated, including 

annular devices [41, 42] and leaflet and coaptation devices [43, 44], both in the orthotopic 

and heterotopic positions [45]. An earlier study revealed that CPAP could reduce AHI. 

Diastolic dysfunction can be alleviated with effective SA treatment[46]. Although there 

was no significant change in sleep parameters after the CAVI procedure, we could not 

prove that there was no association between the improvement in SA and CAVI procedure. 

The pathophysiology of SA in HF is complex but far less understood. It may be that SDB 

can predict the severity of HF, but this would require more studies with larger sample 

sizes. 

In Publication 2[37], we have indicated that SV could improve SA in HFrEF patients. 

The use of SV along with optimal medical treatment could lead to a significant decrease 

in REI. When SV was compared with enalapril, the former was found to be more effective 

in reducing all-cause and sudden death mortality as well as reversing the course of HF 

[47]. Past study has found an association between SV and increased LVEF, with 

increased LVEF promoting reverse LV and improved REI. SV also increased the level of 

NT-pro BNP, a result consistent with previous studies [48, 49]. It should be noted that 

some patients converted from CA to OA during treatment with SV, and OA thus became 

the most prevalent respiratory disease. The initiating of SV reduced CA, validating the 

drug's previous claim of a beneficial effect on CA in a case study [50]. This result is also 

consistent with previous studies that increased cardiac efficiency leads to decreased CA 

[51, 52]. By inhibiting eprilysin, SV inhibits the degradation of natriuretic peptides, thereby 
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increasing their natriuretic and vasodilatory effects and reducing pulmonary congestion 

[53]. The beneficial effects of reverse cardiac remodeling associated with increased LVEF 

may lead to an increase in ventricular output[54, 55]. Overall, these attributes may 

contribute to gas exchange, as well as to chemical responses that enhance perfusion of 

peripheral chemoreceptors by inhibiting stimulation of pulmonary stretch receptors[56]. 

Finally, it has been demonstrated that the medication reduces the amount of fluid 

transferred from the rostrum while a person is lying down. In conclusion, our findings from 

HFrEF patients imply that SV is beneficial for both CA and OA. In comparison to CA, SV 

had a more restricted influence on OA. SV may be a viable therapy option for CA in 

patients with HFrEF. 
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5. Strengths and limitations 

5.1 Strengths 

In Publication 1[36], this is the first evaluation of the effect of CAVI on SA participants with 

HF and severe TR. Due to the severe complications of CAVI the number of patients is 

small, but we still collected these data for a preliminary study (Aplealink, 

echocardiography, spirometry, and laboratory blood tests) to describe in more detail the 

cardiovascular function of the patients. In Publication 2[37], We observed that SV had 

beneficial effects on SA and HFrEF patients. The use of SV to appropriate medical 

therapy resulted in a significant reduction in the REI. 

5.2 Limitations  

There are several limitations in Publication 1[36] that must be addressed. Our 

investigation was nonblinded and took place around 1 month. This is a relatively short 

period for the patients to adjust to their new hemodynamic situation. As a result, it is 

recommended that a double-blind trial be repeated with longer follow-up periods. 

Individual characteristics among individuals may also influence sleep patterns and quality. 

Furthermore, because our results are based on Apnealink, internight changes are 

unaccounted for. Finally, because of a significant complication following CAVI, this trial 

was halted early. It was conducted in a single center with a limited sample of older patients. 

To improve outcomes, multi-center research with high sample numbers is required. 

Publication 2[37] has a few limitations as well. First, we note that this is a single-center 

study and that additional research is needed to establish the generalizability of the current 

findings. Furthermore, our study was limited to people over the age of 65 who had HFrEF. 

Another potential disadvantage is that the portable monitoring equipment does not record 

CO2 and sleep stages. Therefore, no inferences can be drawn about these elements, 

and events cannot be divided into separate sleep stages. Furthermore, no 

electroencephalograms were obtained in this investigation. ApneaLink may overstate the 

REI due to the fact that actual sleep time may be shorter than reported sleep time, 

indicating a greater prevalence and severity of apnea. 
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6. Conclusions and future directions 

Patients with HF are often suffering from the influence of SA, If left untreated, the 

combination of these two diseases can lead to increased mortality. There is a correlation 

between HF and SA. It is hypothesized that the combination of multiple 

pathophysiological effects of HF and respiratory disorders lead to the development of SA. 

Given the increased mortality of untreated SA in subjects with HF, there is an urgent need 

to find safe and effective therapies. This study attempted to assess the impacts of CAVI 

and SV in subjects with HF and SA. The performed studies showed SV treatment was 

linked to a significant reduction in REI; SV could not affect spirometry parameters but can 

significantly improve heart function; NT-pro BNP has been decreased after SV treatment; 

SV could be a promising therapeutic option for CA. CAVI could not affect sleep variables, 

EKG, spirometry parameters and NT-pro BNP. 

 

Given the small patient number of study, it is necessary to validate the results presented 

in our study. Polysomnography should be applied to record CO2 levels, sleep stages, and 

sleep position. Future multicenter studies should be conducted to investigate the positive 

effects of CAVI and SV on cardiovascular function and SA, as well as the interplay with 

HF medication / interventional therapy, is needed to extend the life of the patient. 
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