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Zusammenfassung

Herzinsuffizienz (HF) ist eine komplexe und lebensbedrohliche Erkrankung, die durch
eine hohe Morbiditat und Mortalitdt gekennzeichnet ist. Weltweit sind fast 63 Millionen
Menschen von HF betroffen. Schlafapnoe ist eine haufige Komorbiditat bei Patienten mit
HF und steht in Verbindung mit einer schlechten Prognose. Es besteht ein wach-sendes
Interesse an der Behandlung von Komorbiditaten 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.
Achtunddrei3ig HF-Patienten, die sich einem tragbaren Apnoe-Aufzeichnungsgerat,
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 fir HF-Patienten bewertet. Jedoch wurden keine
signifikanten Veranderungen 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
konnte eine vielverspre-chende therapeutische Option fur CA sein. Weitere und

langerfristige prospektive Fol-gestudien sind erforderlich.



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.



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



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



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, B-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, | 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)?



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 11-1V; (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/dI; (5) declined
to sign informed consent form; (6) chronic kidney disease requiring scheduled dialysis;

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

Assessed for eligibility (n=29)
| 5 patients without
|  Apnealink data

24 patients were evaluated

DI . Apnealink Lab testing
lagnosis (Resmed) EKG
: 7 patients
3 patients with 12 patients 1?’"%&;::?5 with CAVI
CAVI and SDB Valve with SDB SDB but no SDB

implantation

After one month patients
were evaluated by
Apnealink(Resmed), Lab
testing, EKG and CPET

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 patrticipants 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



were used to determine inclusion: subjects (age = 60) with HF (NYHA class II-1V); 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 m? 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.

Assessed for eligibility (n=18)

L

Before initiating SV (n=18)
(The first time point)

Di . Apnealink Lab testing
1agnosis (Resmed) EKG

Patients will receive SV twice daily for 3 months
(n=18)
(The second time point)

. ‘ Lab testing
. . Apnealink
(ResmEd)

End of the study

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:

ventilatory duration

cycle duration

The formula to calculate loop gain (LG) is:

2T

LG =
(2 * DR — sin(2m * 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/m?) 25.10 = 4.25
NYHA class
I 1(3.4)
I 26 (89.7)
1 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).

CAVl-pre CAVI-post P value
(n=23) (n=23)
LEVEF, % 54 + 10 49+ 9 0.383
TR vmax, m/s 2.8+0.28 243 +£0.29 0.5
RVFAC, % 12 302 -
RV S', cm/s 7.95+0.5 8.37 £ 1.7 0.892
TAPSE, mm 17+ 11 1719 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, I/min 2.2 +0.14 2.2 +0.56 0.205

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

index.



14

%0

30; :"-':-1‘50‘
—_ Yo
< £ 5
L ~—
Wi 45 w5 S25]
st o o
= o |
y g {
0 0 iz O
CAVI-pre CAVI-post CAVl-pre  CAVI-post CAVl-pre  CAVI-post
60 80 80]
—_— -_ o {
c -y ~
a— ~ 1%]
£ 2 g
> S e |
E35 5,’40, 5_9_40€
= o |
CAVI-pre CAVI-post CAVl-pre  CAVI-post CAVI-pre CAVI-post
100 100 = 250]
x < g |
1 & X
o S &
(a
& 50 & 50, & 125]
@ = % .
= 2 g
0 @
CAVI-pre CAVI-post CAVI-pre CAVI-post CAVl-pre  CAVI-post

Figure 3 Comparison between CAVI-pre and CAVI-post group (own representation).
Sa02: oxygen saturation; HR: heart rate; T90: Sa02 < 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



15

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/m?) 43.80 + 50.22
NYHA class

I 9 (50)

1 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/ 4 (22.22)
aortic disease
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 77 0.003#
RI (e/h) 19+ 18 107 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
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LVEF (%) 31.77 + 6.86 42.65 + 8.62 <0.001"
Cardiac index (L/min/m?) 2.06 £0.63 243 +£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 + 9.09 445 + 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+248 6.58 £ 2.87 0.865*
El/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/m?) 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 (%) 2947 + 1044  39.41 + 9.27 0.001"
NYHA class 0.005
Il 9 (50) 6 (33.33)

1 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 (I/min) 50.57 + 13.79 4714 £12.27 0.416*
Ref BF (I/min) 18 + 5.03 19.57 = 4.72 0.329"
Max BF (I/min) 27 + 5.77 26 + 542 0.643"
Max VO2z (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 VOo::

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

In my doctoral thesis, | 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 REl. 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. ApnealLink 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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(CPET), and laboratory testing were enrolled. This was a single-center, nonblinded study.
There were no significant changes in sleep variables, echocardiographic parameters,
laboratory results, lung function, and CPET after CAVI. In conclusion, these data suggest
that CAVI may not have an effect on SDB; however, additional follow-up fully powered
studies with appropriate statistical analyses are needed.

Keywords: sleep-disordered breathing, tri
implantation, ApneaLink
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INTRODUCTION

Chronic heart failure (CHF) is an increasing health problem affecting more than 25 million people
worldwide. The prevalence of heart failure in developed countries is about 1-2% in general and over
10% in patients above 70 years (1). Despite improvement in treatment, the prognosis of CHF is still
poor, and more than 50% of hospitalized patients with CHF die within 5 years. Patients with CHF
commonly suffer from breathing disorders during sleep (2, 3). Sleep disorder breathing (SDB) is a
highly prevalent comorbidity in CHF patients, which has adverse effects on the prognosis of CHF.
The presence of breathing disorders during sleep in patients with CHF is associated with increased
risk of cardiovascular disease and mortality (4, 5). There are two different types of SDB in patients
with HF: obstructive sleep apnea (OSA) and central sleep apnea (CSA) (6, 7).

Severe tricuspid regurgitation (TR) is a complex condition of the right ventricle (RV) and
tricuspid valve apparatus and is frequently associated with symptomatic heart failure (8). The
etiology of TR can be divided into primary and secondary causes. Primary TR may be caused by
congenital, traumatic, rheumatic, and endomyocardial fibrosis. In these patients, left heart diseases
could lead to chronic pressure overload of the RV, which eventually resulted in progressive RV
expansion and functional TR. In patients with severe TR, medical therapy restricted to diuretics
and heart failure medication is frequently infective, and surgical repair is associated with a high
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risk of morbidity and mortality (9, 10). In addition, neither
one of these treatment options has demonstrated beneficial
long-term effects. Therefore, multiple innovative interventional
treatment concepts to replace or repair tricuspid valve function
are currently under investigation.

CAVI has been suggested as one of these interventional
concepts. In the pathological cascade of tricuspid valve disease,
CAVI aims at the caval backflow that occurs at a late stage
of severe TR (11). One previous study showed a decrease in
the apnea-hypopnea index (AHI) after heart transplantation
and medical treatment in a population of CSA patients with
congestive heart failure group (n = 13) (12). Another study
showed that one 64-year-old male patient with CSA improved
his sleep, daytime hypersommolence, dyspnea, and fatigue after
mitral valve transplantation (13). There has only been one
randomized controlled trial that showed that transcatheter aortic
valve replacement in patients with CHF and TR did not show
positive effects on SDB (8, 10). The aim of our study was to
examine whether CAVI has an effect on SDB in patients with
right heart failure and TR.

MATERIALS AND METHODS
Study Design and Collection of Data

Our investigation was added on top of a previous study (11). This
was a single-center, nonblinded study. Between January 2015 and
November 2019, 29 consecutive right heart failure patients with
severe symptomatic TR were divided into the CAVI group (n =
14) and the control group (n = 15), treated with optimal medical
therapy (OMT) alone. The CAVI procedures were successful
in all patients. An indicator of success was that CAVI resulted
in the full reduction of reverse caval flow as confirmed by a
significant reduction in the inferior vena cava (IVC) v-wave in
all patients; this is already known in a previous study (9). Four
major complications in the CAVI group that occurred within 48 h
after implantation and resulted in open-heart surgery (two cases
of cardiac tamponade secondary to stent migration and two valve
dislocations) were excluded. After the fourth major complication,
recruitment was stopped for safety. Five patients in the control
group did not receive portable monitoring results and were
excluded from this study. Patients with severe symptomatic TR
were screened for SDB using a three-channel screening system
(ApneaLink, Resmed). Data were collected at baseline and at 1-
month follow-up from medical records. Portable monitoring was
performed in 20 patients for SDB assessment. To diagnose SDB,
AHI had to be 10/h or above. According to the value of the
AHI, we divided the patients into four groups: control-SDB (n
= 8), CAVI-SDB (n = 3), CAVI-no-SDB (n = 7), and contral-
no-SDB (n = 2) (Figure 1). All patients provided informed
consent, and treatment was performed after the approval of the
local ethics committee (Landesamt fur Gesundheit und Soziales
Berlin, Germany).

Patient Screening and Follow-Up

The inclusion criteria were the same as those defined by a
previous study (11): (1) TR severity > severe; (2) New York
Heart Association (NYHA) functional class IT or greater despite

the established OMT; (3) age = 50 years; and (4) high surgical
risk. This study required that cardiac surgeons, interventional
and non-interventional cardiologists, anesthesiologists, and
imaging experts completed the evaluation and acceptance
of CAVI patients. Routine preoperative examinations include
transthoracic echocardiography, cardiopulmonary exercise, and
laboratory examinations.

Exclusion criteria were as follows: (1) IVC diameter = 31 mm;
(2) ongoing treatment of SDB; (3) inability to undergo portable
monitoring; (4) serum creatinine concentration > 3.0 mg/dl;
(5) patients for whom informed consent cannot be obtained;
(6) chronic kidney disease undergoing regular dialysis; and (7)
left ventricular ejection fraction = 30%. We offered CAVI to all
severe symptomatic TR patients with SDB who met the inclusion
criteria (11).

Portable Monitoring

ApneaLink (Resmed) is a three-channel, portable device that uses
a nasal pressure transducer to derive the AHI, flow limitation,
and snoring, in addition to monitoring oxygen saturation during
sleep. The oxygen desaturation index (ODI) was measured with
the AL during the simultaneous study. The AL device operates
on battery power, with a sampling rate of 100 Hz, and has a 16-bit
signal processor. The internal memory storage is 15MB, which
allows ~10h of data collection. The software analyzes the data
generated by the flow signal, whereas full disclosure of data is
available for review and rescoring by the clinician. AHI = 10/h
was defined as SDB in this study.

CAVI Procedure

All  implantations were performed through transfemoral
venous access under local anesthesia and transthoracic
echocardiography. After preparing the landing area by
implanting a self-expanding stent (Sinus-XL, Optimed, Ettlingen,
Germany) to facilitate valve fixation, the Sapien XT transcatheter
valve (Edwards Lifesciences, Irvine, CA) was implanted in the
IVC at the level of the diaphragm and protruding =5 mm into
the right atrium (RA) (11).

Laboratory Testing and Echocardiography
Blood sample collection: a nurse collected 2ml venous blood,
injected it into an anticoagulation tube, and fully blended
it for later use. A biochemical auto-analyzer was applied to
examine the eGFR. All patients underwent our standard 2-D
and 3-D transthoracic and transesophageal echocardiography.
Echocardiographic parameters included LVEF, RV-FAC, TAPSE,
and the tissue Doppler E/ E ratio. All recordings were performed
on ultrasound systems.

Lung Function and Cardiopulmonary

Exercise Testing

Spirometry (FEV1, FVC; FEVI/FVC ratio), measurement of
static lung volumes (total lung capacity (TLC) by body box
plethysmography), and measurement of diffusing capacity of
the lung for carbon monoxide (DLCO) by the single-breath
technique were performed (Vmax22, SensorMedics, Yorba
Linda, CA, USA) with the patient in the seated position. Testing
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29 patients

symptomatic TR were enrolled

with severe
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r

24 patients were evaluated
for SDB(5 patients excluded
with missing SDB data)

12 patients with
SDB

CAVI done in 4 patients(1
patients excluded due to
clinical CAVI related
complications)
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CAVI-SDB(n=3)

FIGURE 1 | Patient selection and flow.

12 patients with
no- SDB

CAVI done in 10 patients(3
patients excluded due to
clinical CAVI related
complications)

v

CAVI-no-SDB
(n=7)

protocols adhered to guidelines for calibration and testing
recommended by the ATS/ERS standards. All patients performed
a symptom-limited CPET by using a cycle ergometer protocaol,
which is cycling with a pedal speed of 60 rpm, starting at
a workload of 20W, followed by a stepwise 20-W increment
every 2min until exhaustion. AT was identified through a V-
slope analysis of VO, and CO> production (VCO;), and it
was confirmed through the specific behavior of the ventilatory
equivalents of Oz (VE/VO;) and CO;z (VE/VCO;), as well as
through the end-tidal O; and CO; pressure. The relation between
VE and VCO; was analyzed as the slope (VE/VCO; slope).

Statistical Analysis

Descriptive statistics (means and standard deviations) were used
to describe baseline characteristics. Categorical variables are
expressed as numbers (1) and percentages (%). Our data follow

a normal distribution and were analyzed using a paired t-test and
independent sample ¢-test for within-group and between-group
comparisons, respectively. A value of p < 0.05 means statistically
significant. All statistical data were performed using SPSS version
25.0 (IBM, Armonk, NY, USA).

RESULTS

The general characteristics of the participants at baseline are
presented in Table 1. No significant differences in sex, age, body
mass index (BMI), ejection fraction, NYHA functional class, and
medications were observed between groups. All patients were
taking loop diuretics, and they all had severe symptomatic TR.
There were no changes in medication during the study.
Comparisons between CAVI -SDB and CAVI-no-SDB groups
are displayed in Table 2. There were no significant changes of
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TABLE 1 | Baseline clinical data comparisons.

Characteristic CAVI-SDB (n = 3) CAVI-no-SDB (n=7) P-value
Age, years 8143 69+ 8 0.057
Female 2(66.7%) 6 (85.7%) 1.000
Male 1({33.3%) 1{14.3%)

BMI, kg/m? 29+7 25+ 4 0.233
NYHA 1.000
I 0 (0%) 0(0%)

1 3 (100%) 7 (100%:)

I 0 (0%) 0 (0%)

PAP mean, mmHg 2645 29418 0.814
PCWPF mean, mmHg 16+6 16+9 0.975
Arterial hypertension 3 (100%5) 7 (100%5) -
Micotine abuse 1({33.3%) 11(14.3%) 1.000
COPD 1({33.3%) 4(57.1%) 1.000
GFR, ml/min 35+ 16 49 + 23 0.365
Diabetes mellitus 1.000
Mo diabetes 2(66.7%) 51(71.4%)

Type 1 0 (09%) 1(14.3%)

Type 2 1({33.3%) 1{14.3%)

LWEF, % 54 +10 61 £2 0.360
Medication

Bata blocker 3 (100%5) 7 (100%5) -
Loop diuretics 3 (100%) 7 (100%%) -
Aldostercne antagonist 1({33.3%) 3(42.9%) 1.000
Statin 2(B6.7%) 3(42.9%) 1.000
ACE 2(66.7%) 6 (B85.7%) 1.000
Antiplatelet 2(B6.7%) 3(42.9%) 1.000
Oral anticoagulant 2 (66.7%) 1(14.3%) 0.183
Calcium antagonist 1({33.3%) 2(28.8%) 1.000
Antiarrhythmic 0 (0%) 0 (0%) -

BMI, body mass indax; ACE, angiotensin-convearting enzime; NYHA, New Yok Heart
Associaton; COPD, Chionic Obstructive Puimonary Disease; PAP Pulmonary Artary
Prazsure; PCWE Pumonary Capilary Wedge Pressure; GFA, Glomerular fitration
rate. Data were presanfad as mean £ 5D or n (%) None of the vanables is
statistically significant.

all parameters before and after treatment in both groups (p =
0.05). By design, significant differences of tissue Doppler E/E,
FVC % pred, FEV1, and FEV1 % pred were observed before
the treatment between groups (p < 0.05). There were significant
differences of LVEF, RVFAC, AHI, and ODI after the treatment
between groups (p < 0.05).

DISCUSSION

To the best of our knowledge, this is the first time to investigate
the effect of CAVI on SDB in patients with right heart failure and
severe symptomatic TR. The main finding from this investigation
showed that CAVT had no obvious effect on SDB in patients with
HF and TR.

Previous studies have indicated that SDB is associated with
postoperative complications after general and cardiac surgery
(14-16). In another study, they found SDB to be associated

with a higher rate of long-term cardiovascular events after
coronary artery bypass grafting (17). A study found that SDB is
highly prevalent in patients undergoing cardiovascular surgery.
However, in this population, the authors did not find an
association between SDB and adverse postoperative outcomes
due to a relatively small sample size (107 patients) (18). In our
study, we also did not find any association between SDB and
adverse outcome after CAVLL

SDB is known to be associated with heart disease, e.g., heart
failure, coronary artery disease, and atrial fibrillation (19), but
less is known about its prevalence in valve diseases. Past studies
indicated a high prevalence of SDB in patients with severe aortic
stenosis. Printz et al. (20) reported SDB in 15 out of 42 individuals
(36%) with high-grade aortic stenosis. In our study cohort of
patients with severe symptomatic tricuspid regurgitation before
CAVI, the prevalence of SDB was as high as 50%. Although
the total number of subjects is very small, these findings should
increase the awareness of existence of SDB in patients with severe
symptomatic tricuspid regurgitation.

The relation of subclinical lung function impairment with
cardiovascular diseases in the absence of diagnosed pulmonary
diseases has recently drawn more attention. In a cohort with
long-term follow-up, low FEV1 was strongly and independently
associated with incident CHF (21). A population-based study of
middle-aged men observed the association between moderately
reduced FEV1 and FVC and incident heart failure hospitalization
(22). In our population based on relatively older subjects and
limited patients sample, we demonstrated that there were no
significant differences between FEV1, FEV1/FVC, and TLC after
CAVT (p = 0.05; Table 2).

A previous study showed that an increasing VE/VCO; slope
was a potential negative sign (23). As presented in Table 2, the
VE/VCO; slope showed no obvious changes post-CAVI probably
due to our very small sample size. The past study showed that the
VE/VCO; slope was insignificantly correlated with the AHI, and
patients with CHF-SDB have hyperpnea not only during sleep
but alse during exercise (24). However, the correlation coefficient
between the VE/VCO); slope and the AHI was less than between
chemosensitivity and the AHIL Chemosensitivity could not be
observed, and it was speculated that the steeper VE/VCO; slope
was caused by augmented chemosensitivity (25). The VE/VCO-
slope of CHF-SDB patients increases due to increased abnormal
ventilation and perfusion and physiological lung dead space.

In a mixed sample of patients with HF and mitral or aortic
valve disease, they showed an improvement of SDB after heart
valve surgery (26). The CAVI procedure is a recently developed
method of valve replacement for use in patients with severe
tricuspid regurgitation, who cannot undergo surgery or who
have a high perioperative risk (27). There were no significant
differences for sleep variables between pre- and post-CAVL
This could not support that SDB is another manifestation of
cardiac dysfunction. Additionally, the risk for four patients
experiencing severe clinical issues after CAVI in our study
was 28%. Although, to date, only limited clinical data are
available regarding the efficacy of transcatheter tricuspid
valve intervention (TTVI), feasibility has been shown with
different techniques, including annuloplasty devices (28-30) and

Frontiers in Cardiovascular Medicine | www.frontiersin.org

July 2021 | Valume 8 | Article 673164



38

Wang et al.

CAV| Affect Sleep Disorder Breathing

TABLE 2 | Comparisons between CAVI-SDB and CAVI-no-S0B group.

Variables CAVI-SDB CAVI-no-SDB
Pre Post P Pre Post P P P*

LVEF, % 54 £ 10 49+9 0.363 Bl=2 B3 +6 0.321 0.360 0.021
RVFAC, % 12+0 30 +2 - 44 £13 48 £ 10 0.211 0.082 0.043
TAPSE, mm 17 =11 178 0.B53 1Bx3 1B£2 0.253 0.974 0.947
Tissue Doppler E/E 48 +0 12+8 - 158 16+9 0.258 0.014 0.541
FVC L) 31 31 0.595 21 1 {a) 0.053 0.452
FVC % pred 96 = 18 104 + 16 0.691 58 + 19 57 {a) 0.017 0.255
FEV1, L 20 240 0.874 1+£0 1 {a) 0.025 0.263
FEV1, % 92 + 28 103 + 24 0.795 51+ 18 38 {a) 0.017 0.273
FEV1/FVC, % 74+ 11 76 £ 10 0.805 TALT 56 {a) 0.976 0.350
TLC. L 5+1 ES 0.772 5+1 5 {a) 0.701 0.744
TLC % pred 91 £ 15 102 +9 0.677 90 + 21 105 {a) 0.955 0.854
DLCO, mmoliminkPa 5+0 541 0.670 41 1 {a) 0.105 0.123
DLCO, % 74+ 14 T6E+9 0.726 51+ 14 18 {a) 0.125 0.116
VIO,AT, miimin‘kg B+5 6+3 0.425 812 B+ 0.612 0.900 0.289
VENCO; slope 41 +3 47 £ 1 0.205 41 £5 44 +10 0.800 0.960 0777
&GFR, ml/min 35+ 16 31+9 0.594 49 + 23 42 + 18 0.295 0.365 0.385
AHI, events/h 24 £ 13 3 +0 0.674 3+3 242 0.701 0.098 <0.001
ODI, events/h 23 + 14 35+0 0.272 3+4 3+3 0.162 0.130 <0.001
MeanSPOz, % @2 94 & 1 0.205 94 +3 9213 0.342 0.235 0.634
MinSPO2, % 70 £ 18 812 0.874 BO = 11 T2x13 0.089 0.311 0.415
190 (Sa0y < 90% min) 157 £ 75 B0 + 49 0.137 68 + 132 170 + 194 0.598 0.333 0.483

Data were presented as mean + S0y AHI, apnea‘hypopnea index; Al apnea index; OO, Oxygen Desaturation ndax; minSPOe, minmal pulse oxyhemogiobin saturation; 150, oxygan
saturation (Sa0;) = 90%; mean SP0;, meaan pulse cxyhemogiobin saturation; LVEE left venfricular giaction fraction; BV-FAC, right ventricular fractional area change; TAPSE. tricuspid
annular plane systolic excursion; BNP B-lype natnurelic paptids; eGFR, astimated glomerular fitraton rate; VEAVCOZ siope, rale of increase in ventiation per unit incraase in carbon

diowidle; TLC, folal ng capacity.
P Pairad sample lest.

F and P*: independent sample I-lest; P~ means the companisons between groups for the pra time point; P* meaans the comparisons belween groups for the post Lime paint,
(a} means no lesting only T subyect for the post time poind of the contro-S08 group; The bold valuss show significant differance.

leaflet and coaptation devices (31, 32), both in the heterotopic
(CAVL; to reduce the backflow in the venous system) and
the orthotopic positions. Despite the increased risk of the
patients, the current report confirms the safety and feasibility of
TTVL intraprocedural mortality was 0%, 30-day mortality and
periprocedural adverse events did not change, and procedural
success improved significantly, from 62 to 72.8%. Clinical
experience started in 2011, when CAVI was first reported for
compassionate treatment of patients with severe TR using
investigational self-expandable valves. Since then, compassionate
clinical use has confirmed the technical feasibility of CAVT (33).
Improved procedural success is likely multifactorial and related
to the following: the early learning curve effect in CAVI, which is
common and universal for new devices and techniques; a better
understanding of TV anatomy and disease pathophysiology;
and improved and more standardized intraprocedural
guidance (34).

A previous study suggested that perioperative continuous
positive airway pressure (CPAP) treatment could improve
the AHIL Effective treatment of SDB can alleviate diastolic
dysfunction (35). Whereas SDB did not improve significantly
after CAVI, in this small patient cohort, we were unable to
demonstrate a direct correlation between SDB improvement and

CAVI procedure. The pathogenesis of SDB in HF is complex and
remains to be incompletely understood. It is unclear whether
SDB directly affects chronic HF pathophysiology. Therefore, the
causal link to the prognosis of HF is not clear. Possibly SDB
is rather an index for the severity of HF. Further studies with
larger sample sizes and with pre- and post-operative evaluations
are necessary.

STUDY LIMITATIONS

There are many limitations of the current pilot study that need
to be addressed. Our study was nonblinded and conducted
about 30 days after the intervention. This is a fairly short
interval for the patients to adapt to the new hemodynamic
condition. Therefore, it is recommended to repeat a double-
blinded study with longer periods for follow-up. The individual
differences of the participants, such as their gender, age, and
psychological condition, might also influence the pattern and
quality of sleep. Moreover, our results are based on single-night
portable monitoring; therefore, internight variations remain
to be unaccounted for. Finally, this study was stopped early
because of a major complication after CAVI, carried out in
a single center and on a small sample of elderly people.
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Multicenter studies with large sample sizes are needed for
improving outcomes.

CONCLUSION

In summary, these data suggest that CAVI may not
have an effect on SDB; however, additional follow-up
fully powered studies with appropriate statistical analyses

are needed.
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Abstract

Objective This study aimed to evaluate the effect of sacubitril-valsartan (SV) on central apneas (CA) and obstructive apneas
(OA) in patients with heart failure with reduced ejection fraction (HFrEF).

Methods In patients with HFrEF, SV initiation was titrated to the highest tolerable dosage. Patients were evaluated with
portable apnea monitoring, echocardiography, and cardiopulmonary exercise testing at baseline and 3 months later.
Results Of a total of 18 patients, 9 (50%) had OA, 7 (39%) had CA, and 2 (11%) had normal breathing. SV therapy was related
to a reduction in NT-pro BNP and an improvement in LV function after 3 months. Portable apnea monitoring revealed a sig-
nificant decrease of the respiratory event index (REI) after treatment with SV (20 + 23 events/h to 7+ 7 events/h, p=0.003).
When subgrouping according to type of apneas, REL and time spent below 90% saturation (T90) decreased in patients with
CA and OA (all p<0.05).

Conclusion In this prospective study, SV treatment for 3 months in patients with CA and OA is associated with a significant

decrease in REI

Keywords Heart failure - Sacubitril-valsartan - ARNI - Central apneas - Obstructive apneas

Introduction

Heart failure (HF) is now recognized as a severe health issue
affecting almost 65 million people of all ages worldwide.
The prevalence of HF is 1-2% in paticnts over 65 years old,
and it appears to be increasing in developed countries [1].
Despite substantial breakthroughs in medical and surgical
treatment of HF, approximately 30% of patients are admit-
ted annually for HF exacerbation [2]. Central apneas (CA)
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and obstructive apneas (OA) are increasingly recognized
comorbidity in subjects with HF and may affect the prog-
nosis of HF [3]. To date, there is consensus that the ini-
tial step in managing patients with CA/OA and HF should
be optimizing HI treatment [4]. Indeed, past research has
shown that optimizing pharmacological therapy [5, 6] and
utilizing non-pharmacological ways to treat HF can improve
CAJOA [7]. However, the best way to manage CA/OA in HF
1s still being debated, owing to the fact that the therapeutic
benefit of additional respiration treatment for patients with
HFrEF has been questioned following the SERVE-HF trial’s
results and ongoing findings of the ADVENT-HF research,
respectively. The results showed that not only was adap-
tive servo-ventilation (ASV) ineffective, but also a post hoc
analysis found excessive cardiovascular mortality in patients
who received the treatment [8].

Sacubitril-valsartan (SV) is a first-in-class angiotensin-
receptor neprilysin inhibitor used to treat HFrEF (New York
Heart Association [NYHA] functional class [I-IV) [9]. Ther-
apy with SV decreased cardiovascular death, overall mor-
tality, and HF-related hospitalizations in the PARADIGM-
HF study compared to treatment with enalapril [10]. In
preliminary investigations, angiotensin-converting enzyme

@ Springer
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{ACE) inhibitors have been shown to ameliorate CA/QA
in patients with HF [11]. Despite the fact that the combina-
tion therapy can improve apneas in patients with HF, there
is little research on the effect of SV on CAJOA [12]. In this
study, we investigated the effect of initiating SV on apneas
and hypothesized that CA/OA would improve when using
treatment with SV.

Methods
Study population

This trial was a 3-month, single-center, open-label, prospec-
tive study from January 2019 to July 2021. Inclusion criteria
were as follows: non-childbearing female and male patients
age 60+ with HF (NYHA class [I-1V); LVEF <40%:
patients had to receive stable doses (at least 1 month)
standard-of-care HF medication before the study:; a blood
test result of serum potassium <35.2 mmol/L, estimated
glomerular filtration rate (eGFR) = 30 ml/min/1.73 m”, and
systolic blood pressure (SBP) = 100 mmHg. Exclusion cri-
teria were as follows: severe valvular disease, isolated right
HF, secondary cardiomyopathy, hypertrophic obstructive
cardiomyopathy, previous or upcoming heart transplanta-
tion, and unstable angina within half a year before the study;
patients treated with a history of angioedema or significantly
increased liver enzymes (at least three times higher than the
upper threshold), or with combination drugs such as ACE
inhibitors and angiotensin-receptor blockers (ARBs). To
participate in this study, the subjects were required to pro-
vide written informed permission. Our study was registered
with ClinicalTrials.gov, number NCT02768298, and the EU
Clinical Trials Register, number CLCZ696BDEO].

Study drug

According to the dosage approved by European Union,
patients took SV twice a day and adjusted it for renal func-
tion and hemodynamic tolerance. Patients were advised to
take the study drug simultaneously every day, according to
the approved instructions that follow the current European
HF guidelines’ best medical treatment recommendations.

Home portable apnea monitoring

The ApneaLink device (ResMed Inc., Martinsried, Ger-
many) was used to measure nasal flow and pulse oximetry
in this study [13]. Participants were instructed to use the
device in a standardized manner by study personnel who
had undergone extensive training. Adults with apnea can be
assessed using portable apnea monitoring devices instead of
overnight polysomnography [ 14, 15]. Apnea was defined as
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Table 1 Baseline characteristics of patients

HF patients treated with §V (n=18)

Age (years) 66.7+10.7
Gender {male/female, n) 15/3
BMI (kg/m®) 4384502
NYHA class (%)

Class II 50

Class I11 50
Atrial fibrillation (%) 22
CKD (%) 39
Diabetes (%) 17
Hypertension (%) T8
COPD (%) 28
Cardiac infarction (%) 22
Beta-blocker (%) 59
Loop diuretics (%) T2
ICD (%) T2
CRT (%) 17

BMI body mass index; COPD chronic obstructive pulmonary disease:
CKD chronic kidney disease; CRT cardiac resynchronization therapy:
ICD implantable cardioverter defibrillator; NYHA New York Heart
Association

a reduction in airflow of more than 90% from baseline for
more than 10 s. Apneas were further classified as OA if there
was any evidence of respiratory effort, CA if there was no
evidence of respiratory effort, and mixed apnea if features
of both CA and OA were present. For the purposes of this
study, hypopnea was described as a 30% decrease in airflow

Table 2 Relation between SV treatment and heart remodeling, CPT,
and blood examination

Baseline 3 months p-value
LVEF (%) 3247 4319 <0.001a
LVEDD (mm} 599+69 56896 0.025a
LVESD (mm) 50.7£9.1 44510 0.001a
LVESV (ml} 110.4+48.1 83.3+£39.7 0.001b
TAPSE {mm) 18.7+£4.2 19.7+29 0.392b
E/E 11.9+49 12678 0.594a
sPAP (mmHg) 258107 241108 0.623b
FEV, (L) 26+1 29108 0.209a
Max VO, (ml/minkg)  14.4£23 13.8+24 0.296a
eGFR (mlmin/1.73 m”) 688+178 67.3+16.6 0.5T6a

NT-pro BNP (pg/ml) 1792112713 876949842 (0.001b

eGFR estimated glomerular filtration rate; FEV, forced expira-
tory volume for one second; LVEF left ventricular ejection fraction:
LVEDD left ventricular end-diastolic diameter: LVESD left ventricu-
lar end-systolic diameter; LVESV left ventricular end-systolic volume:
NT-proBNP pro-B-type natriuretic peptide: RV-FAC right-ventricular
fractional area change: sPAFP systolic pulmonary artery pressure:
TAFSE wricuspid annular plane systolic excursion; V), oxygen con-
sumption; P represents the paired T-test; P* represents Wilcoxon test
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#4p < 0.01; **p<0.001. eGFR &0 40
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pro-B-type natriuretic peptide; 40
sPAP systolic pulmonary artery 20
pressure: TAPSE tricuspid
annular plane systolic excursion
0
r r 0 r T
T0 T3 T0 T3
E/E' ratio sPAP
80 (mmtg)
40 .
| ==
20
0 .
0 r r r T
TO T3 TO T3
eGFR NT-pro BNP
140 {mlimin/1.73m?) (pgiml)
5000
s
70
2500 .
] " , o " !
TO T3 TO T3

lasting for more than than 10 s, followed by a 3% reduction
in oxygen saturation. The number of apnea and hypopnea
events per hour of monitoring during a certain period was
described as the respiratory event index (REI). The REI is
used as a surrogate for the apnea—hypopnea index (AHI)
because it measures time spent monitoring rather than total
sleep time [ 16].

The changes in echocardiographic parameters from base-
line were examined in patients with HF who had a baseline
LVEF of less than 40%. A ramp technique was used fol-
lowing calibration on a treadmill, and a cardiopulmonary
exercise test (CPET) was performed on the patients after

taking their age and gender into consideration [17]. Norma-
tive clinical chemisiry tests were performed which included
a full blood count and the N-terminal segment of the pro-
brain natriuretic peptide (NT-pro BNP). These procedures
were supervised and managed by a clinically experienced
cardiologist and nurse.

Statistical analysis
Descriptive data are presented as means + standard deviation

(SD) or as numbers and percentages of each category unless
otherwise indicated. Paired r-tests (for data with normal
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Table 3 Relation between SV treatment and apneas

Baseline 3 months p-value
Overall population (n=18)
REI (e/h) 20423 T+7 0.003"
Sa0), basal (%) 93+2 95+2 0.053*
Sa0, min (%) 80+4 80+8 0.812*
TO0 {min) 119+ 128 42+ 86 0.001"
Patients with CA (n=T)
REI (e/h) 36+32 T+8 0.018°
Sa0, basal (%) 9442 942 0.876"
Sa0, min (%) To+4 T7x11 0.598*
TOO (min} 131 £117 19419 0.028°
Patients with QA (n=9)
REI (e/h) 1416 T+7 0.039*
Sa0), basal (%) 9243 95+2 0.025*
Sa0, min (%) Bl+2 82406 0.404°
T90 {min) 138 + 151 66+119 0.038°

CA central apnea; A obstructive apnea: REf respiratory event
index; Sa(), oxygen saturation; 790 time spent with oxygen satura-
tion <90%; P represent the paired T test; P” represent Wilcoxon test

distribution) and Wilcoxon tests (for data with abnormal dis-
tribution) were used due to the reliance of both populations
before and after. The level of statistical significance was
established at p < 0.05. All statistical data were performed
using SPSS version 25.0 (IBM SPSS Statistics, Armonk,
NY, USA).

Results

A total of eighteen eligible patients were enrolled in the
study. Table 1 summarizes the clinical, demographic, and
medications data. Despite being given optimal medical treat-
ment, most subjects had apneas at baseline. Only 2 patients
{11%) had normal breathing, 9 had OA (50%), and 7 had CA
(39%). Among subjects with OA, 4 (23%), 5 (27%), and 0
{0%) had mild (5 <REI < 15), moderate (15 <REI < 30), and
severe (REL = 30) apnea, respectively, while among subjects
with CA, 4 (22%), 0(0%), and 3 (17%) had mild, moderate,
and severe apnea, respectively. Before using the Apneal.ink
monitoring, the patients were requested to stop taking any
medications that had a direct impact on ventilatory control.

Results of SV on cardiac function, CPET, and blood test-
ing in the overall population are presented in Table 2 and
Fig. I. SV has been shown to be associated with a statis-
tically significant decrease in NT-pro BNP. The adminis-
tration of the drug was also associated with improved left
ventricular (LV) systolic and diastolic function, as indicated
by an increase in LV end-diastolic diameter, as well as with
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improvement in LV reverse remodeling, as indicated by
increased LVEF. No statistically significant changes were
noted in tricuspid annular plane systolic excursion (TAPSE)
and systolic pulmonary artery pressure (sPAP). There were
no differences in peak oxygen consumption or FEV, (both
p=0.05) after therapy at CPET compared to baseline.

SV treatment was found to be associated with a signifi-
cant reduction in REI in the general population (Table 3 and
Fig. 2). The effect of SV administration was significantly
associated with a decrease in REI in the subgroup of subjects
with OA (by 47%). In the subgroup of subjects with CA, SV
was also associated with a decrease in REI (by 81%). SV had
a decreasing effect on the minimal oxygen saturation and
T90% (all p<0.05).

Discussion

SV has been shown to benefit both CA and OA in patients
with HFrEF. The administration of SV to optimal medical
therapy was associated with a significant decrease in the
REL

A comparison of SV and enalapril has shown that the for-
mer was more effective at decreasing all-cause and sudden-
death mortality, as well as limiting the progression of HF
[18]. This study shows that SV is associated with an increase
in LVEF, which in turn promotes LV and left atrial reverse
remodeling and an improvement in REI [12]. As expected,
SV also had a positive effect on NT-pro BNP [19, 20]. It is
worth noting that some participants transitioned from CA to
OA following therapy with SV, which consequently became
the most common respiratory disorder. The administration
of SV reduced CA, confirming the beneficial effect of the
medication on CA stated previously in a previous case study
[21]. In this study, successful cardiac function optimization
by SV was related to a shift in the apnea phenotype from CA
to OA. This finding is consistent with earlier studies, which
have shown that improvements in cardiac performance lead
to reduced CA, consequently unmasking previously undiag-
nosed OA [22-25]. Fox et al. found a 71-year-old man who
suffered from HF and sleep-disordered breathing (SDB).
Treatment with 5V was associated with improved cardiac
function, as measured by a decrease in NT-pro BNP and
an increase in LVEF. This was associated with a significant
decrease in the AHL This is the first case to demonstrate
improvement in HF and SDB following the start of SV treat-
ment [26].

SV, by inhibition of neprilysin, prevents the degra-
dation of natriuretic peptides, hence enhancing their
natriuretic and vasodilatory actions and lowering pul-
monary congestion, respectively [27, 28]. Additionally,
the beneficial effects on cardiac reverse remodeling,



Sleep and Breathing

Fig.2 Changes of REI and T90
after 3-month SV treatment
in the overall population and

Overall population (n=18)
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which are associated with enhanced LVEF, may increase
cardiac output [29, 30]. Overall, those effects may pro-
mote effective ventilation and gas exchange, and the
chemoreflex, which reduces pulmonary stretch receptor
stimulation while increasing the perfusion of peripheral
chemoreceptors [31]. Furthermore, an increase in car-
diac output may decrease circulation time, reducing the

amount of time available for the chemoreflex system
to detect and respond to changes in CO, [32]. Finally,
the medication has been shown to reduce the amount
of rostral fluid shift that occurs when a person is in a
reclined position. Although the PARADIGM-HF trial
made a small but significant contribution to improv-
ing survival, it is tempting to conclude that this can be
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attributed to the reduced apneic burden. It is equally
tempting to consider SV as an alternative first-line thera-
peutic strategy for apneas and, specifically, CA in HF
[10]. Additionally, there are more alternative therapeutic
approaches for hypoxemic burden. Olaf et al. discov-
ered that transvenous phrenic nerve stimulation (TPNS)
could significantly reduce nocturnal hypoxemic load.
Hypoxemic burden is more predictive of mortality than
AHI and should be a primary indicator for CSA treat-
ments [33]. However, to address these intriguing chal-
lenges precisely, larger cohorts with definitive outcomes
followed for longer periods of time would be required.

Limitations

This study has several limitations. First, we acknowledge
this 1s a single-center study and requires further studies to
support the generalizability of the findings presented. In
addition, our study was limited to the older population with
HFrEF. Another possible limitation is that portable monitor-
ing devices do not record CO, levels, sleep stages, and sleep
position. As a result, conclusions concerning these factors
cannot be drawn and events cannot be classified into differ-
ent sleep stages. In addition, no electroencephalograms were
recorded in this study. Thus, it was impossible to determine
if patients were asleep during the assessment, which could
underestimate the severity of OA and CA. Importantly, the
Apnealink may overestimate the REIL as actual sleep time
may be shorter than recorded time, implying a higher preva-
lence and severity of apnea.

Conclusion

In summary, our findings obtained from patients with HFrEF
show that 5V had positive effects on both CA and OA. The
effects of SV are more limited on OA than CA. SV may
become a promising therapeutic option for CA in HFrEF.
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