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Abstract: Sleep disordered breathing (SDB) is common among patients with valvular heart dis-
ease, and successful valve surgery could reduce SDB severity. However, data about the effects
of transcatheter mitral valve repair on SDB are scarce. Therefore, mitral regurgitation (MR) pa-
tients undergoing MitraClip-placement were prospectively enrolled. Before MitraClip-placement,
daytime sleepiness and sleep quality were assessed using the Epworth Sleepiness Scale (ESS) and
Pittsburgh Sleep Quality Index (PSQI), respectively; and all patients underwent SDB screening
using five-channel respiratory polygraphy. After 3–6 months, patients had a similar reassessment
including: ESS, PSQI, and respiratory polygraphy. 67 patients were included (77 ± 8years). Despite
normal sleepiness scores, 41 patients (61%) had SDB with apnea-hypopnea-index (AHI) ≥ 15 h
before MitraClip-placement, of whom only three patients had known SDB previously. Compared to
patients without SDB, patients with SDB had similar sleepiness scores but higher NT-proBNP values
at baseline (4325 vs. 1520 pg/mL, p < 0.001). At follow-up, there were significant AHI improvements
among patients with SDB (p = 0.013). However, there were no significant sleepiness score changes. In
conclusion, the prevalence of SDB among MitraClip candidates is very high even in those without
daytime sleepiness. MR patients with SDB have higher NT-proBNP values, which may reflect a worse
prognosis. MitraClip-placement may improve the underlying SDB, which could be an additional
benefit of the procedure.

Keywords: mitral regurgitation; MitraClip; sleep disordered breathing; respiratory polygraphy;
brain natriuretic peptide

1. Introduction

Mitral regurgitation (MR) is a common valvular disorder, which can significantly
impair or worsen cardiac function and reduces patients’ quality of life (QoL) mainly due to
exertional breathlessness and decreased exercise tolerance [1,2]. Currently, symptomatic
patients with MR are candidates for interventional edge-to-edge therapy of the anterior
and posterior mitral leaflets using MitraClip device, which has been shown to significantly
improve QoL and prognosis in carefully selected patients [3].

A growing body of evidence shows that sleep disorders are common among patients
with cardiac disease, and the bidirectional relationship between both illnesses has been
arousing a growing interest in the last years [4–6]. Sleep disordered breathing (SDB),
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defined as repetitive episodes of decrease or total cessation of respiratory airflow during
sleep, which can be categorized into obstructive sleep apnea (OSA) or central sleep apnea
(CSA), has been shown to closely interact with and be involved in the pathophysiology of
heart disease [7–11]. Whilst OSA is known to correlate with cardiovascular morbidity and
mortality [6]; CSA is commonly observed among patients with heart failure (HF) but its
relationship to cardiovascular disease is not fully understood yet [6,9,12].

Interestingly, established treatment strategies of HF (e.g., cardiac resynchronization
therapy (CRT) and valve repair) have been shown to improve SDB [6,13–17]. However, pa-
tients with mitral regurgitation who are at high risk for surgical intervention are candidates
for less invasive percutaneous techniques such as the MitraClip system (Abbott Vascular,
Abbott Park, IL, USA), which is currently the device with the widest clinical use [18–20].
Nevertheless, whilst some reports have shown that surgical repair of MR may result in a
reduction in concomitant SDB [6,21,22], only a small case series suggested a similar benefit
of MitraClip-placement [23]. Overall, data about the effects of MitraClip-placement on
sleep quality and their clinical significance are very scarce.

Therefore, the aim of this study was to examine the prevalence of SDB among patients
with MR undergoing MitraClip-procedure and to determine the impact of MitraClip-
placement on SDB. We also aimed to analyze the patients´ QoL after MitraClip-placement
in the light of changes in their sleep quality.

2. Materials and Methods

The protocol for this prospective study was approved by the local ethics committee,
and the study was performed in accordance with the ethical standards laid down in the
Declaration of Helsinki in its latest revision. Written informed consent was obtained from
all patients prior to inclusion. The study was registered on www.clinicaltrials.gov, accesed
on 1 June 2021 (NCT02615431).

Consecutive patients hospitalized at the University Hospital RWTH Aachen for
MitraClip-procedure due to “moderate” (2+), through “moderate/severe” (3+), through
“severe” (4+) mitral valve regurgitation were prospectively enrolled. MR severity was
determined echocardiographically by primary investigators. All patients were already
discussed and accepted by the heart team to undergo a percutaneous edge-to-edge mitral
valve repair using the MitraClip system (Abbott Vascular, Abbott Park, IL, USA) [24].
Patients who were or had been on any treatment for sleep apnea were excluded (Figure 1).

Demographic data, disease history, coexisting medical conditions, smoking, and medi-
cation history were recorded for all patients. Furthermore, electrocardiography, transtho-
racic echocardiography, and blood sampling were performed. The validated European-
System-for-Cardiac-Operative-Risk-Evaluation-SCORE II (EuroSCORE II), which estimates
the risk of in-hospital death after cardiac surgery, was calculated for all patients [25,26].
Symptoms of daytime sleepiness were assessed using the Epworth Sleepiness Scale (ESS),
which provides a simple standardized mean of quantifying daytime sleepiness, with scores
above 10 consistent with the suspicion of SDB [27–29]. Furthermore, sleep quality was
assessed using the Pittsburgh Sleep Quality Index (PSQI), which represents a subjective
self-assessment of sleep quality. PSQI includes a total of 18 items assigned to seven com-
ponents, each of which can assume a value range from 0 to 3, with the total score ranging
from 0 to 21, and with lower scores denoting healthier sleep quality [30,31].

Before MitraClip-placement, all patients underwent SDB screening using five-channel
respiratory polygraphy (ApneaLink™; ResMed, San Diego, CA, USA), which is an accurate
and reliable device for the diagnosis of SDB [32,33]. The device records five signals:
respiratory effort, pulse, oxygen saturation, nasal airflow, and snoring. The total number
of apneas, hypopneas, and apnea-hypopnea-index (AHI) per hour recording time were
documented. The determination of apneas/hypopneas and the calculation of AHI were
performed according to the recommendations of the American Academy of Sleep Medicine
(AASM) and to the Chicago consensus paper criteria [34–36]. We used the cutoff of AHI ≥
15/h in the diagnosis of SDB, which is a highly sensitive, specific, and reliable criterion
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in the diagnosis of moderate to severe SDB according to the current guidelines [33,37,38].
Hypopneas were scored when all three of the following criteria were met [34]:

- Airflow decreases at least 30 percent compared with the pre-event baseline,
- The diminished airflow lasts at least 10 s,
- The event is associated with a 3 percent oxygen desaturation from baseline.

Additionally, the ApneaLink software calculates risk indicator (RI), which is a combi-
nation of AHI plus inspiratory flow limitation events, and has similar diagnostic accuracy
to AHI and is highly sensitive and specific to diagnose moderate to severe SDB (sensitivity
93.5% and specificity 91% by the cut-off point RI > 16) [33].
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Figure 1. Consort flow chart showing how the analytical sample was derived from the participants
who were assessed for eligibility.

Furthermore, serum, plasma, and whole blood samples were obtained routinely at the
time of admission. Complete blood count, circulating levels of C-reactive protein (CRP),
N-terminal pro B-type natriuretic peptide (NT-proBNP), and creatinine levels in blood
were measured.

All patients were invited for a follow-up examination. No SDB therapy was initiated.
Patients had a reassessment similar to that at recruitment including: ESS, PSQI, electrocar-
diography, transthoracic echocardiography, blood sampling, and five-channel respiratory
polygraphy (ApneaLink™Air).

The sample size was planned to detect a minimal difference of 10 points in AHI with
an 80% probability using a type 1 error of 0.05, and a standard deviation of 20 points. The
minimal number of participants was 34.

Assessed variables were described using frequencies and percentages for categorical
variables and means, standard deviations, quartiles, and minimum, maximum variables
depending on the distributions for continuous variables. Variables were described by
AHI categories (<15/h, ≥15/h), and differences from baseline for follow-up assessments
were calculated and described. Explorative comparisons between AHI groups were per-
formed using Kruskal–Wallis test and Pearson Chi-squared test. Baseline and follow-up
measurements were compared using Wilcoxon signed rank test.
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3. Results

There were 67 patients (age 77 ± 8 years, 58% male) included. Baseline data and
comorbidities are described in Table 1.

Table 1. Patient clinical and demographic data at baseline.

Reference Values Patients (n = 67)

Age, years 77 ± 8
Male 39 (58%)
BMI (kg/m2) 25.6 ± 4.7
Smoking history

- Current smoker 5 (7%)
- Ex-smoker 21 (31%)
- Never smoked 40 (60%)

Comorbidities at admission
- Coronary heart disease 44 (66%)
- Previous myocardial infarction 16 (24%)
- Coronary artery bypass surgery 12 (18%)
- Peripheral artery disease 5 (7%)
- Chronic heart failure 37 (55%)
- NYHA II 7 (10%)
- NYHA III 42 (63%)
- NYHA IV 18 (27%)
- Recent decompensated heart failure (last 3 Months) 27 (40%)
- Dilated cardiomyopathy 24 (36%)
- Hypertension 48 (72%)
- Diabetes mellitus 21 (31%)
- Chronic kidney disease 34 (51%)
- Cerebrovascular disease 9 (13%)
- Atrial fibrillation 39 (58%)
- COPD 15 (22%)
- Cardiac pacemaker/ICD/CRT 22 (33%)
- Known sleep apnea 4 (6%)

Medications
- ACE-I 36 (54%)
- ß-Blocker 42 (63%)
- Aldosterone antagonist 20 (30%)
- Loop diuretics 49 (73%)

Laboratory tests
- NT-proBNP, pg/mL <220 3056 [1571;5395]
- CRP, mg/dL <5 6 [2;12]
- Creatinine, mg/dL 0.5–1.2 1.5 ± 0.63
- GFR, mL/min/1.73 m2 ≥60 48 ± 20.2

Values are presented as mean ± standard deviation, number of patients (percentage) or median [interquartile
range]. ACE-I, Angiotensin converting enzyme inhibitor; BMI, body mass index; COPD, chronic obstructive
pulmonary disease; CRP, C-reactive protein; CRT, cardiac resynchronization therapy; GFR, glomerular filtration
rate; ICD, implantable cardioverter defibrillator; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA,
New York Heart Association.

Pre-procedural scores and measurements and characteristics of mitral valve regurgita-
tion are described in Table 2. The ESS values were mostly normal (median 5 (interquartile
range IQR: 2–7)), and PSQI values were also within normal range (8 ± 4.1) (Table 2).

However, 41 patients (61%) had an AHI ≥ 15/h (Table 3). Only 3 of these 41 patients
had been previously diagnosed with SDB (not treated). The vast majority of patients
suffered predominantly from OSA (37 patients), and only 4 patients suffered from CSA
(two of them had predominant Cheyne–Stokes respiration (CSR) pattern) (Table 3).
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Table 2. Pre-procedural scores and measurements, characteristics of mitral valve regurgitation, and
peri-procedural data of MitraClip intervention.

Patients (n = 67)

Preprocedural scores and measurements
- EuroSCORE II 7 ± 4.1
- Epworth Sleepiness Scale (ESS) 5 [2;7]
- Total Pittsburgh Sleep Quality Index (PSQI) 8 ± 4.1

Characteristics of mitral valve regurgitation
Etiology of the MR

- degenerative, n (%) 18 (27%)
- functional, n (%) 44 (66%)
- mixed, n (%) 5 (7%)

MR grade 4+ [3+;4+]
Echocardiography

- LVEF, % (normal: 55–70%) 39 ± 14
- EROA, mm2 33 ± 13
- Regurgitation volume, mL 53 ± 18
- PISA, mm 8.8 ± 1.98
- Papsys, mmHg (normal: ≤35) 47 ± 14

Procedural and postprocedural data of MitraClip
- Number of clips, n 2 [1;2]
- Difference in MR grade directly after procedure −2.5 [−3.0;−1.5]
- Total days in hospital, n 13 [7;21]
- Papmean after MitraClip, mmHg 3.0 [3;5]
- In-Hospital MACCE, n (%) 0 (0%)

Values are presented as mean ± standard deviation, number of patients (percentage), or median [interquartile
range]. EROA, effective regurgitant orifice area; EuroSCORE, European-System-for-Cardiac-Operative-Risk-
Evaluation-SCORE; LVEF, left ventricular ejection fraction; MACCE, major adverse cardiac and cerebrovascular
events; MR, mitral regurgitation; Papmean, mean pulmonary artery pressure; Papsys, systolic pulmonary artery
pressure; PISA, proximal isovelocity surface area.

Table 3. Respiratory polygraphy in 67 patients.

Patients (n = 67)

AHI, /h 18 [6;37]
Risk indicator (RI) 21 [8;38]
Patients with SDB (AHI ≥ 15) 41 (62%)

- Patients with CSA, n (%) 4 (6%)
- Patients with OSA, n (%) 37 (55%)

Proportion Cheyne–Stokes epochs, % of the whole CSA epochs 2 [0;14]
Values are presented as mean ± standard deviation, number of patients (percentage), or median [interquartile
range]. AHI, apnea-hypopnea-index; CSA, central sleep apnea; OSA, obstructive sleep apnea; SDB, sleep
disordered breathing.

Comparing patients with and without SDB at baseline, there was no substantial difference
in left ventricular ejection fraction (LVEF), MR-grade, or other characteristics of MR and
echocardiographic variables (Table 4). EuroSCORE and sleepiness scores were also not
significantly different at baseline between both groups (Table 4). However, patients with
AHI ≥ 15/h had higher NT-proBNP values compared to patients with an AHI < 15/h (median
= 4325 pg/mL (IQR: 2823–7368) vs. 1520 (437–2955) respectively, p < 0.001) (Table 4).
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Table 4. Comparison of patients with versus without sleep disordered breathing (SDB).

Reference Values AHI < 15/h (n = 26) AHI ≥ 15/h (n = 41) p-Value

Age, years 74 ± 8 79 ± 7 0.005
Male 12 (46%) 27 (66%) 0.181
BMI, kg/m2 25 ± 5 26 ± 5 0.126
Laboratory tests

- NT-proBNP, pg/mL <220 1520 [437;2955] 4325 [2823;7368] <0.001
- CRP, mg/dL <5 6 [3;7] 6 [2;15] 0.661
- Creatinine, mg/dL 0.5–1.2 1.4 ± 0.55 1.5 ± 0.68 0.639
- GFR, mL/min/1.73 m2 ≥60 50 ± 21 47 ± 20 0.629

Scores and measurements
- EuroSCORE I 20 ± 11 23 ± 11 0.338
- EuroSCORE II 6 ± 3.8 8 ± 4.3 0.254
- ESS 5 [2;8] 5 [2;7] 0.856
- PSQI 8 ± 4.5 9 ± 4.0 0.745

Characteristics of MR
Etiology of the MR

- degenerative, n (%) 8 (31%) 10 (24%) 0.760
- functional, n (%) 17 (65%) 27 (68%) 0.760
- mixed, n (%) 1 (4%) 3 (8%) 0.760

MR grade 4+ [3+;4+] 4+ [3+;4+] 0.612
Mitraclip® procedure

- Number of clips, n 1 (1,2) 2 (1,2) 0.061
- Difference in MR-grade directly

after MitraClip −2.5 [−3.0;−1.5] −2.5 [−2.6;−1.5] 0.888

- Total days in hospital, n 13 [7;20] 14 [9;21] 0.437
- Papmean after MitraClip, mmHg 3 [3;5] 3 [2;5] 0.305
- In-Hospital MACCE, n (%) 0 (0%) 0 (0%) -

Respiratory polygraphy (Apnea Link)
- AHI, /h 5 [3;8] 22 [33;46] <0.001
- Risk indicator (RI) 8 [6;10] 33 [23;47] <0.001

Values are presented as mean ± standard deviation, number of patients (percentage), or median [interquartile range]. AHI, apnea-
hypopnea-index; BMI, body mass index; CRP, C-reactive protein; CSA, central sleep apnea; ESS, Epworth Sleepiness Scale; EuroSCORE,
European-System-for-Cardiac-Operative-Risk-Evaluation-SCORE; GFR, glomerular filtration rate; MACCE, major adverse cardiac and
cerebrovascular events; MR, mitral regurgitation; NT-proBNP, N-terminal pro B-type natriuretic peptide; OSA, obstructive sleep apnea;
Papmean, mean pulmonary artery pressure; PSQI, Pittsburgh Sleep Quality Index; SDB, sleep disordered breathing.

Of the 67 patients, 34 patients were admitted for a follow-up examination after
MitraClip-placement (mean follow-up time: 105 ± 27 days, median: 100 days after
MitraClip-placement). There was a clear improvement of MR-grade in most patients
(Figure 2).

The median difference in MR-grade from baseline was −2.5 (IQR: −3.0–−1.5; p < 0.001)
on a severity scale of +1 to +4. LVEF and other echocardiographic variables did not change
over time. Importantly, there were improvements in AHI (p = 0.077), which reached
statistical significance in patients with pre-interventional AHI ≥ 15/h (p = 0.013) (Figure 3).

Changes in AHI did not correlate with changes in LVEF (Pearson´s r = −0.13, p = 0.516)
even in patients with pre-interventional AHI ≥ 15/h (Pearson´s r = −0.10, p = 0.739). There
were no significant changes in the ESS score over time (Figure 4).
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The major outcomes before and after the procedure are presented in Table 5.

Table 5. Comparison of outcomes before and after MitraClip in 34 patients with follow-up data.

Before MitraClip After MitraClip

AHI, /h 18 [7;33] 11 [6;29]
ESS 5 [2;8] 5 [2;8]
PSQI 7 [5;11] 7 [4;11]
NT-proBNP, pg/mL 2990 [1503;7236] 3348 [1723;5099]

Values are presented as median [interquartile range]. AHI, apnea-hypopnea-index; ESS, Epworth Sleepiness Scale;
NT-proBNP, N-terminal pro B-type natriuretic peptide; PSQI, Pittsburgh Sleep-Quality Index.

4. Discussion

The present study demonstrates that the prevalence of SDB in patients undergoing
MitraClip-placement is very high even in non-sleepy patients and is therefore underesti-
mated if the diagnosis of SDB is based on sleepiness scores only. Secondly, patients with
SDB had significantly higher levels of NT-proBNP at baseline, which may reflect a worse
prognosis in these patients. Thirdly, there was an obvious reduction in AHI at follow-up
after MitraClip-placement among those with SDB, which could be due to many cooperating
confounders, but also might still be an additional benefit of the MitraClip procedure.

According to epidemiological data, 2–7% of adults suffer from OSA, and the preva-
lence in patients with cardiovascular diseases is 2–3 times higher compared to the general
population [39,40]. Furthermore, in patients with HF and preserved left ventricular function
(HFpEF), CSA is found in approximately 18 to 30% [41–43], and although the relationship
between CSA and cardiovascular disease is not fully understood yet, CSA may hypothet-
ically expose the already failing heart to hypoxia, thus contributing to worsening heart
function by sympathetic nervous system activation and ventricular arrhythmias [6,9]. Nev-
ertheless, there is not enough data about the prevalence of SDB in patients with valvular
heart disease. In our cohort, 62% of all patients with moderate to severe MR had SDB
which is considerably higher compared to the last-mentioned patient groups with other
cardiovascular comorbidities. However, candidates for MitraClip-placement represent a
distinct subgroup of patients with MR, who do not only suffer from systolic HF but are also
advanced in age, have reduced functional status, have more cardiovascular and other co-
morbidities reflected by the high EuroSCORE-II in our cohort. The latter constellation may
represent a logical explanation for the high prevalence of SDB in our patient population
since the prevalence of SDB is known to increase with age [39,40].

Importantly, the ESS score was not increased in patients with SDB. In fact, there is
strong evidence that SDB frequently occurs in non-sleepy HF patients associated with
increased morbidity and mortality [41,44,45]. Making the diagnosis of SDB in the pre-
procedural setting is of high importance, as SDB is a frequently missed diagnosis associated
with an increased risk of various peri-interventional complications when sedation or
general anesthesia is used [46–51]. Pre-interventional diagnosis and treatment of SDB might
at least partially reduce the risk for complications [52,53]. Hence, integrating systematic
screening for SDB in the pre-interventional assessment of patients undergoing MitraClip-
placement, even in those without daytime sleepiness, could be an interesting and beneficial
approach, as patients with SDB require more peri-procedural attention and a specific
anesthetic approach and might even profit from the initiation of continuous positive
airway pressure therapy prior to the procedure [38]. However, while sleepiness scores
may underestimate SDB in non-sleepy populations, it should be noted that non-sleepy
elderly participants may not benefit from treatment of OSA, and/or CSA, other than with
the usual management of heart failure.

Patients with SDB in our cohort had higher values of NT-proBNP before MitraClip-
placement than those without SDB, although echocardiographic and renal parameters were
comparable between both groups. Since elevated plasma NT-proBNP levels, as well as
the presence of SDB, are associated with an unfavorable prognosis in patients suffering
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from different heart diseases [54,55], the latter finding could indicate a worse prognosis
in this group of patients. On the other hand, this finding suggests that NT-proBNP could
serve as a pre-interventional biomarker for the detection of SDB in MR patients. Detecting
and management of SDB in this group of patients may be of clinical importance, since SDB
management is known to reduce cardiac risk [56], along with improvements in LVEF [57],
QoL, morbidity, and mortality rates [58]. However, this needs further investigation.

On the other hand, it has been shown that guideline-directed treatment of HF can
improve or even eliminate CSA [14,16,59,60]. Among patients with SDB in our cohort,
a significant reduction in AHI was observed at the follow-up visits 3–6 months after
MitraClip-placement. This improvement may facilitate positive effects on QoL and progno-
sis in patients with MR undergoing MitraClip-placement. Improvements in nocturnal or
supine nasopharyngeal congestion, which might be caused by mitral regurgitation, and
could be reduced through MitraClip-placement; seems a very logical explanation of these
improvements after MitraClip-placement, as the fluid shifts to the upper airway in the
recumbent position, may cause the pharynx to become narrowed and more susceptible to
collapse [61,62]. The fact that many patients in our cohort had OSA would support this
speculation, since OSA may well be improved by decreasing nasopharyngeal congestion
through MitraClip. However, this needs further investigation in future studies.

Our study has some limitations which need to be addressed. Firstly, we used five
channel respiratory polygraphy in evaluating SDB instead of polysomnography. This
approach does not allow the documentation of arousal events. Furthermore, we used an
automated scoring alone without review by an accredited sleep scientist; and oxygen related
parameters (e.g., the proportion of the sleep time with an SpO2 < 90% (T90%) and oxygen
desaturation index (ODI)) were not registered. Besides that, the diagnostic performance
of the ESS (>10) for predicting SDB has suboptimal sensitivity and specificity, and several
screening questionnaires have been developed for preoperative screening that incorporates
risk factors, clinical symptoms, and physical examination parameters (e.g., Berlin and
STOP-BANG questionnaires), which were not used in our study. Nevertheless, the used
respiratory polygraphy device has an adequate selection of bio-signals and allows—in
the presence of good signal acquisition and processing—an accurate diagnosis of sleep
disorders [39,63]. Secondly, due to the observational non-interventional design of our study,
there was no control group of patients with medical therapy only. Therefore, future studies
should focus on the bidirectional effects of sleep disorders and valvular heart disease and
their respective treatments. Thirdly, a significant number of patients were lost for follow-up.
Therefore, it cannot be excluded that this might have influenced the outcome measures.
Lastly, other confounders may have led to changes in SDB at follow-up (e.g., volume status,
weight changes, and/or optimization of other heart disease treatments). However, it is
unlikely that these factors strongly influenced the results, because all medical therapy
options and optimization of risk factors were already tapped before MitraClip-placement.

5. Conclusions

In conclusion, the prevalence of sleep disordered breathing among patients with MR
undergoing MitraClip-placement is very high even in non-sleepy patients. MR Patients
with SDB have higher NT-proBNP levels, which may reflect a worse prognosis in these
patients. Therefore, screening patients undergoing MitraClip-placement for SDB might be
of clinical importance, especially those with high NT-proBNP levels. Finally, MitraClip-
placement seems to improve the underlying sleep disorder in patients with moderate to
severe SDB, which may be an additional benefit from MitraClip-procedure.
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