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Abstract Obstructive sleep apnoea syndrome (OSAS) is a sleep-related breath-
ing (SBD) disorder characterized by intermittent episodes of partial or complete
obstruction of the upper airway, leading to cessation of breathing while asleep.
OSAS elicits a series of mechanical, hemodynamic, chemical, neural, and inflam-
matory responses with adverse consequences on the cardiovascular system. Among
these, cardiac arrhythmias are a common problem in affected patients, including
both brady and tachy-arrhythmic manifestations. The strong association between
OSAS and arrhythmia has prompted in last decades significant research aimed to
understanding the mechanism connecting the two conditions, to define prevalence,
to prospect new therapies and to explain the synergic negative effects in terms of
morbidity and mortality in affected patients. In our center experience since 2009,
we have focused our interest on atrial fibrillation (AF) and sleep apnea with the aim
to define prevalence of SBD in a real-life population affected by AF and to assess
the role of SBD on atrial remodelling, AF recurrence and therapies. Moreover, we
have studied the complex relation between sleep apnoea and heart failure in patients
treated with cardiac resynchronization therapy. We will report a revision of literature
about sleep apnoea, AF and furthermore the main findings of our research.

1 Introduction

1.1 OSAS and Arrhythmias

Obstructive sleep apnoea syndrome (OSAS) is a sleep-disordered breathing (SDB)
characterized by upper airway occlusion in the face of continued activity of inspi-
ratory thoracic pump muscle. OSAS affects 3–7% of the adult population [1], has
been shown to be independently associated with increased cardiovascular morbidity,
including hypertension, congestive heart failure, ischemic heart disease, and stroke
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[2]. Moreover, OSAS has been consistently associated with increased risk of cardiac
arrhythmias, in particular atrial fibrillation and ventricular arrhythmias [3–5].

Proposed mechanisms to explain these relationships include and intermittent
hypoxia, oxidative stress, sympathetic activation, and endothelial dysfunction, all
of which are critical mediators of cardiovascular disease [6–8]. In particular, the
pro-arrhythmic contributions are the apnoea-induced hypoxia and the increased
sympathetic nervous system activity.

Patients with OSA have a higher prevalence of atrial fibrillation (AF) than patients
without OSA, and are more likely to develop new-onset AF, independent of obesity
[3]. Obstructive sleep apnea is also associated with an increased risk of AF after
coronary bypass surgery, higher recurrence rates of AF after cardioversion [9], and
higher relapse rates ofAFafter catheter ablation [10].Data fromobservational studies
show that CPAP treatment is associatedwith a significantly decreased recurrence rate
of AF, even after electrical cardioversion or ablative therapies, and that patients are
less likely to progress to more permanent forms of AF and have significantly reduced
occurrence of paroxysmal AF compared with untreated patients [11–14]. Moreover,
OSAS is associated with increased risk of complex ventricular ectopy, ventricular
tachycardia [15] and life-threatening arrhythmias [16]. In addition to well known
risk factors, a greater QT dispersion might contribute to ventricular arrhythmias
in patients with OSAS [17]. In heart failure patients with impaired left-ventricular
ejection fraction (LVEF) and implantable cardioverter defibrillator (ICD), severity of
OSAS correlates with the risk for complex ventricular arrhythmias and appropriate
implantable defibrillator therapy [18]. Treatment with continuous positive airways
pressure (CPAP) reduces ventricular ectopy in patients with SDB, but there are no
evidences against the occurrence of malignant arrhythmias in OSAS patients [19].
OSAS is also associated with greater incidence of bradyarrhythmia in small-sample
studies, and the severity of SDB correlates with duration and severity of bradycardia,
whereas large-cohort studies generally do not report such association [20].

2 Research Topics Analysed by Our Group

2.1 Sleep Disordered Breathing and Atrial Fibrillation

Considering the great prevalence of both atrial fibrillation and SDB, the mutual
relationship among the two diseases and impact on prognosis of affected patients,
in 2009 we decided to focus our research on this topic. The aim of our research
was to characterize the prevalence of SDB in a cohort of AF real-life population.
Moreover, we aimed to assess the role of SDB on atrial remodelling, AF recurrence
and therapies together with the evaluation of quality of life of patients presenting
both AF and SDB.
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Since May 2009 to March 2017 we prospectively enrolled patients admitted to
Arrhythmology andCardiologyClinic ofAncona for elective electrical cardioversion
of AF.

At baseline patients, who accepted to participate in this observational trial, under-
went to ECG, complete echocardiographic examination, nocturnal cardiorespiratory
monitoring, and complete blood sample analysis. Quality of life and diurnal somno-
lence were respectively assessed trough Short Form [21] Health Survey (SF-36) and
the Epworth Sleepiness Scale (ESS). All patients with paroxysmal and persistent
atrial fibrillation older than 18 years were candidate for the study. The exclusion
criteria included: severe chronic obstructive pulmonary disease, known SDB or/and
patients treatedwith nocturnal respiratory therapy, inability to give informed consent,
disagreement to participate to the study.

One hundred and twenty-one patients were enrolled and considered for the final
analysis.

Characteristics of patients’ population are reported in Table 1.
Our population presented amale prevalence (n= 88, 73%) and amean age of 68.7

± 11.4 years. Patients enrolled have already had a mean of 1.0 ± 3.1 previous AF
Episode. The population presented arterial hypertension in 78%, hyperlipidaemia
in 52%, and diabetes in 20%, and chronic obstructive pulmonary disease in 17%
and lone AF. Mean CHA2DS2-VASC score was 3.0 ± 1.8. Mean left ventricular
ejection ischemic cardiomyopathy in 18% of patients. Aminority of 7.4% of patients
presented DS fraction was 51.0 ± 11.6%.

At blood analysis, we found the followingmean value: creatinine 1.1± 0.7mg/dl,
haemoglobin 14.1 ± 1.6 g/dl and BNP 327.1 ± 293.9 pg/ml.

At baseline population received RAAS blockers in 63% of cases, betablockers
in 61%, calcium channel blockers in 42%, amiodarone in 34%, flecainide in 15%,
and propafenone in 1% and digoxin in 6.5%. Almost three quarter of patients were
anticoagulated with warfarin and 27% received new oral anticoagulation drugs.

Table 1 Baseline clinical
characteristics of patients’
population (n = 121)

Male sex, n (%) 88 (73%)

Age (years) (mean ± SD) 68.7 ± 11.4

Height (cm) (mean ± SD) 170.5 ± 9.2

Weight (kg) (mean ± SD) 83.6 ± 15.1

Body mass index (BMI, kg/m2) (mean ± SD) 28.4 ± 4.1

Systolic arterial pressure (mmHg) (mean ± SD) 129 ± 19

Diastolic arterial pressure (mmHg), (mean ±
SD)

81 ± 11

Age at AF onset (years) (mean ± SD) 65.2 ± 13.5

Number of previous AF episodes (mean ± SD) 1.0 ± 3.1
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Among 121 patients, 90 (74.4%) finally underwent to electrical cardioversion
and 1 patient (0.8%) to pharmacological cardioversion. In 4 patients (4.4%) the
cardioversion was unsuccessful and in 10 patients there was an early AF recurrence
(within 5 days). In 84.6% of cases electrical cardioversion was effective. In a mean
follow-up of 903 ± 796 days, 53% of patients presented AF recurrence.

Patients with AF recurrences presented higher left atrial volumes (84.7 ml3 vs.
70.35 ml3 p = 0.042) when compared with patients with sinus rhythm, while the
other echocardiographic variables were comparable.

Then we assessed SDB prevalence in our population: using a diagnostic AHI
equal or greater than 5, 90% of patients (n = 109) were affected by SDB with OSAS
in 57%, CSA-CSR in 32% ad hypopneas in 1% of cases.

Among patients with sleep apnoea, 36% of subjects presented a mild form (AHI
< 15), 27% a moderate (15 ≤ AHI < 30) and 37% a severe one (AHI ≥ 30).

Mean value of the severity apnoea indices were the following: apnoea/hypopnea
index (AHI) 24.1 ± 19.4 events/h, hypopnea index (HI) 7.6 ± 6.6 events/h, central
apnoea index (CAI) 6.7 ± 11.2 events/h, obstructive apnoea index (OAI) 6.4 ±
6.9 events/h, Cheyne-Stokes respiration index (CSR) 4.1 ± 8.4 events/h, oxygen
desaturation index (ODI) 26.9 ± 17.9 events/h, lowest oxygen saturation 71.2 ±
12.7%, mean oxygen saturation 92.3 ± 2.7% and SaO2 < 90% of time in bed (TIB)
13.97 ± 29.7%.

Patients with SDB presented higher AF recurrence when compared with patients
without SDB (p = 0.014). When considering the typology of SDB, patients with AF
recurrence showed more frequently CSA-CSR while we did not find any correlation
between OSAS and AF relapse. Studying patients’ characteristics, those with CSA-
CRS presented higher BNP value e lower LVEF when compared to OSAS ones
(respectively 294.5 vs. 168.5 pg/ml, p = 0.015; 45.4 vs. 54.4%, p < 0.0001).

We wanted to define a correlation between SDB severity index and atrial remod-
elling and we found a significant relation between mean arterial saturation and SaO2

< 90% of Time in bed (TIB) with atrial diameter (respectively p = 0.009 and 0.001).
Moreover, we reported a significant correlation between SDB severity index and

the Physical Component Score and the Mental Component Score of the SF-36.
The results of our observational single-centre study let us to focus on some

interesting findings.
First, as already reported in literature, we confirmed the high prevalence of SDB

in AF population [3, 22, 23]. OSAS prevalence is in line with previous findings
and minimal variations of numbers among studies might be related to AHI values
criteria used for SDB diagnosis and to patient’s characteristics, with a special regard
to obesity prevalence in studied populations.

When considering the prevalence of CSA in AF population, few evidences are
available in literature: CSA-CSR is usually related to heart failure and studied in
this context. Therefore, our experience is important because it shows a remark-
able prevalence of 32% of CSA-CSR in AF patients, independently from HF
considerations.
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The second important result is that SDB is associated with a higher arrhythmic
recurrence after cardioversion. This data has been already described: [24, 25] how-
ever, the novel concept of our study is that, when considering the typology of SDB,
only CSA and not OSAS maintains a significant correlation with AF recurrence.
Our data is in contrast with Kanagala et al’ paper: they reported that patients with
untreated OSA had a higher recurrence of AF after cardioversion than patients with-
out a polysomnographic diagnosis of sleep apnoea and appropriate treatment with
CPAP in OSA patients was associated with lower recurrence of AF. This difference
in results may be due to the small sample size of the studied population and deserves
further investigations [9]. The third aspect deduced by our experience is that patients
with CSA and AF recurrences present a worst clinical profile with higher BNP e
lower LVEF values. It indicates a more compromised patient in whom HF or asymp-
tomatic systolic dysfunction might coexist at the time of electrical cardioversion,
therefore impacting the success of CV in the long term.

2.2 Effects of Cardiac Resynchronization Therapy on Both
Central and Obstructive Sleep Apnoea Severity

SDB is a common comorbidity diagnosed in about 50% of HF patients, both in the
form of central sleep apnoea (CSA) with Cheyne Stokes Respiration (CSR), or in
the form of OSA [26, 27].

In the last decade, cardiac resynchronization therapy (CRT) has become an impor-
tant therapeutic step in the management of HF patients demonstrating a positive
effect on cardiac function and hemodynamic profile and an improvement of func-
tional capacity, quality of life and survival [28]. Therefore, different studies dealing
with few patients have been focused on the role of CRT on SDB, showing reduction
in episodes of central sleep apnoea but no significant effects on OSA [29–33]. Only
one study suggested SDB being even a prognostic negative factor with potential
impact on response to CRT [34].

Therefore, we elaborate a study to assess the clinical impact of SDB on CRT
response, by evaluating clinical and echocardiographic parameters.

We conducted this single-centre, prospective, observational study at the Cardiol-
ogy and Arrhythmology Clinic, “Ospedali Riuniti” Hospital, Ancona, Italy. Patient
enrolment started in June 2010 and ended in July 2014. Patients with a class I
or IIa indication for a biventricular pacing (CRT-P) implantation, with or without
a cardioverter-defibrillator (CRT-D), according to current recommendations of the
European Society of Cardiology [21] were considered for study participation.

Exclusion criteria were the following: life expectancy less than 1 year, acute coro-
nary syndromeor coronary revascularization in the last 40 days before device implant,
acute HF, severe aortic stenosis, severe chronic obstructive pulmonary disease, prior
stroke in the last 12 weeks.
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The primary endpoint of the study was to evaluate the possible relationship
between the presence and severity of SDB (AHI>15) and the clinical and echocardio-
graphic response to CRT during a 12-months follow up. A positive clinical response
was defined as an improvement of ≥1 NYHA class from baseline. The echocardio-
graphic response was defined as a reduction of left ventricular end-systolic volume
by 15% or more from baseline [35, 36]. Secondary outcomes were SDB interference
with plasmatic level of brain natriuretic peptide (BNP), quality of life score (Min-
nesota Living with Heart Failure Questionnaire, MLHFQ), distance covered during
six minutes walking test (6MWT), incidence of AF episodes, ventricular sustained
arrhythmias, hospitalization for HF.

From a total of 196 eligible patients admitted to our Clinic for CRT implantation,
only 65 patients with available baseline nocturnal cardiorespiratory monitoring and
agreeing to participate were considered for primary endpoint analysis. The study
followed the principles outlined in the Declaration of Helsinki. The protocol was
approved by local ethics committee and all patients gave their written informed
consent.

All patients underwent CRT implantation electively in stable conditions. Demo-
graphic and clinical data were collected at baseline, at 6-month and at 12-month
after device implantation. At each visit, a 12-lead electrocardiogram (ECG), an
echocardiographic examination, cardiorespiratory monitoring, device interrogation
and 6MWT were performed. Moreover, during each visit, all patients completed
the Epworth Sleepiness Scale (ESS) questionnaire for the evaluation of the daytime
sleepiness [37] and the MLHFQ [38].

All patients underwent a complete transthoracic echocardiographic examination at
baseline and during later visits. Studies were performed with commercially available
ultrasoundequipment (M4Sprobe,Vivid 7PRO,GE-VingmedUltrasound).Left ven-
tricular end-diastolic volume (LVEDV) and LV end-systolic volume (LVESV) were
calculated according to the criteria proposed by theAmerican Society of Echocardio-
graphy [39]. Left ventricular function was assessed by modified biplane Simpson’s
method. A single operator performed all the echocardiographic evaluations and was
blinded to results of cardiorespiratory monitoring.

Patients enrolled underwent implantation of a CRT-P or CRT-D device (Cognis
P106 or 107, Boston Scientific; Consulta CRT-D or Syncra CRT-P, Medtronic Inc;
Promote accel RF, St. Jude Medical; Lumax HF-T, Biotronik). Several types of
LV leads were used (Easytrack 3 IS, Easytrack 2, Acuity, Boston Scientific; 4196,
Attain ability,Medtronic; CoroxOTW,Biotronik; Quickflex 1258, St. JudeMedical).
Device implantation was successful in all cases without any major complications.

At each follow-up visit, device interrogation was performed including evalua-
tion of the integrity of the system, leads information, and concomitant arrhythmias
with particular interest to AF episodes, sustained ventricular tachycardia and ven-
tricular fibrillation. We also collected data about device interventions (appropriate
or inappropriate therapies as shock or ATP).
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After enrolment, all participants underwent overnight cardiorespiratory monitor-
ing using Vital Night Plus (VitalAire, Milan, Italy) and data were scored manu-
ally by three trained operators according to the recommendations of the American
Academy of Sleep Medicine [40]. Continuous nocturnal recordings included tho-
racic and abdominal respiratory effort, airflow by a nasal-oral thermocouple and
nasal pressure recording, finger pulse oximetry, and body position. Apnoea were
defined by the absence of airflow for 10 s or more. An episode of obstructive apnoea
was defined as the absence of airflow in the presence of ribcage and abdominal
excursions while CSA was defined as the absence of airflow without any abdominal
or thoracic breathing efforts. Hypopneas were defined by a decrease in breathing
amplitude of ≥30% for at least 10 s with an oxygen desaturation of 3% or more.
In case of mixed apnoea (absence of airflow with the characteristics of CSA in the
first part followed by obstructive breaths at the end) patients were classified to have
either predominately CSA or OSA according to the main disorder (>50% of events).
The apnoea hypopnea index (AHI) is the severity marker of SDB and is represented
by the number of apnoea and hypopnea per hour of sleeping time. An AHI of ≥15/h
was chosen as a pathological cut-off because an at least moderate form of SDB were
considered as clinically relevant in term of effects on study endpoints.

General characteristics of the population, divided by presence or absence of SBD,
are shown in Table 2. According to the cardiorespiratory monitoring testing per-
formed at baseline, 36 patients (55.4%) had significant SDB, 18 patients (27.7%)
had OSA, and the remaining 18 patients (27.7%) had CSA. The mean AHI value
was 32 ± 11 for OSA patients, 45 ± 24 for CSA ones and 10 ± 3 for those without
SDB.

Heart failure medication prior to enrolment is shown in Table 2. No significant
differences were seen among the three groups regarding major therapeutic drug
classes along the follow-up.

Biventricular stimulation percentage was comparable between groups at 6months
(96 ± 3% in OSA group, 98 ± 2% in CSA group and 97 ± 4% in patients without
sleep apnoea, p = 0.567) and 12 months (96 ± 4% in OSA group, 95 ± 3% in CSA
group and 96 ± 3% in patients without SDB, p = 0. 344).

Repeated measurements showed a statistically progressive significant reduction
of LVEDV in general population, which decreased from 225.2 ± 57.7 ml at baseline
to 191.9± 58.2 ml at 6-month to 186.6± 68.4 ml at 1-year (pwithin groups <0.001).
Systolic volumes showed a similar trend, decreasing from145.4± 45.9ml at baseline
to 119.48± 48.4ml at 6-month to 114.7± 57.3ml at 1-year (pwithin groups <0.001).
Presence and type of SDB did not meaningfully interfere with volumes reduction
(p between groups = 0.638 for diastolic volume and 0.680 for systolic volume).
Temporal LV volumes variations in study groups are reported in Table 3.

Left ventricular ejection fraction (LVEF) significantly improved in all the
implanted patients independently of SDB (pwithin groups <0.001; Table 3). Ejection
fraction improvement was still significant after dividing the population according to
presence or absence of SDB, without any significant difference between no SDB,
OSA, and CSA/CSR groups (p between groups = 0.584; Table 3).
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Table 2 General characteristic of the population according to presence or absence of SDB at
baseline

Variable General
population (n
= 65)

No SDB (n =
29)

OSA (n = 18) CSA/CSR (n
= 18)

p

Age (years) 70.6 ± 9.6 67.8 ± 10.7 72.2 ± 7.9 73.4 ± 8.3 0.103

BMI (kg/m2) 26.7 ± 4.5 24.6 ± 3.3 27.7 ± 5.5 27.3 ± 3.2 0.065

Male gender (n) 46 (70.8) 18 (62.1) 14 (77.8) 14 (77.8) 0.384

Ischemic heart disease (n) 24 (36.9) 9 (31.0) 7 (38.9) 8 (44.4) 0.638

Secondary prevention (n) 9 (13.8) 4 (13.8) 3 (16.7) 2 (11.1) 0.890

CRT-P 4 (6.2) 1 (3.4) 1 (5.6) 2 (11.1) 0.564

Hypertension (n) 58 (89.2) 25 (86.2) 16 (88.9) 17 (94.4) 0.675

Diabetes (n) 19 (29.2) 8 (27.6) 4 (22.2) 7 (38.9) 0.528

Dyslipidemia (n) 46 (70.8) 20 (69.0) 12 (66.7) 14 (77.8) 0.734

Smoking history (n) 20 (30.8) 11 (37.9) 6 (33.3) 3 (16.7) 0.296

COPD (n) 18 (27.7) 6 (20.7) 7 (38.9) 5 (27.8) 0.399

CRF (n) 33 (51.6) 15 (53.6) 8 (44.4) 10 (55.6) 0.769

Egfr (ml/min/1.73 m2) 50.0 ± 30.0 62.9 ± 37.4 46.4 ± 17.4 54.5 ± 24.7

NYHA class: 0.597

II 28 (43.1) 14 (48.3) 8 (44.4) 6 (33.3)

III 37 (56.9) 15 (51.7) 10 (55.6) 12 (66.7)

BNP (pg/ml) 634.4
(418.7–851.0)

449.1
(218.6–679.6)

884.4
(292.3–1476.6)

653.5
(418.7–851.0)

0.251

Hemoglobin (g/dl) 12.8 ± 1.6 12.9 ± 1.8 12.2 ± 1.2 13.4 ± 1.7 0.142

HR (bpm) 65.5 ± 11.6 63.8 ± 9.2 65.8 ± 12.5 67.9 ± 14.0 0.494

LVEF (%) 28.4 ± 4.6 28.4 ± 4.5 28.1 ± 4.6 29 ± 5.3 0.831

LVEDD (mm) 66.3 ± 8.7 67.4 ± 10.9 66.7 ± 5.8 63.6 ± 7.0 0.335

LVESD (mm) 54.8 ± 11.6 56.6 ± 11.2 54.7 ± 7.8 54.7 ± 7.8 0.443

sPAP (mmHg) 38.8 ± 12.7 38.1 ± 12.6 42.0 ± 13.1 36.7 ± 12.5 0.463

Medical therapy

– ACE-inhibitors (n) 26 (40.0) 11 (37.9) 8 (44.4) 7 (38.9) 0.901

– ARBs (n) 28 (43.1) 13 (44.8) 6 (33.3) 9 (50.0) 0.581

– Beta blockers (n) 61 (93.8) 28 (96.6) 16 (88.9) 17 (93.8) 0.564

– Loop diuretics (n) 63 (96.9) 29 (100) 18 (100) 16 (88.9) 0.296

– MRAs 47 (72.3) 23 (79.3) 14 (77.8) 10 (55.6) 0.174

ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker, BMI body mass index, BNP brain
natriuretic peptide, COPD chronic obstructive pulmonary disease, CRF chronic renal failure, CRT-P cardiac
resynchronization therapy-pacing,CSA-CSR central sleep apnoea-Cheyne-Stokes respiration, eGFR estimated
glomerular filtration rate,HR heart rate, LVEDD left ventricular end-diastolic diameter, LVEF left ventricular
ejection fraction, LVESD left ventricular end-systolic diameter, MRA mineralocorticoid receptor antagonist,
NYHA New York Heart Association, OSA obstructive sleep apnoea, SDB sleep disordered-breathing, sPAP
systolic pulmonary artery pressure
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Table 3 Clinical parameters and Echocardiographic variation throughout the study according to
presence or absence of SDB at baseline

Baseline 6-months
follow-up

12 months
follow-up

P
value
within
groups

P value
between
groups

NYHA class 0.044 0.872

I No SDB 0 6 (31.5) 6 (42.9)

OSA 0 6 (37.5) 6 (42.9)

CSA-CSR 0 4 (30.8) 5 (45.4)

II No SDB 14 (48.3) 12 (63.2) 6 (42.9)

OSA 8 (44.4) 10 (62.5) 7 (50)

CSA-CSR 6 (33.3) 8 (61.5) 5 (45.4)

III No SDB 15 (51.8) 1 (5.3) 2 (14.2)

OSA 10 (56.6) 0 1 (7.1)

CSA-CSR 12 (66.7) 1 (7.7) 1 (9.2)

LVEDV
(ml)

No SDB 229.1 ± 66.8 202.5 ± 70.5 203.2 ± 86.7 <0.001 0.638

OSA 232.7 ± 47.6 180.4 ± 40.9 169.9 ± 36.8

CSA-CSR 201.6 ± 53.6 184.8 ± 55.0 173.2 ± 58.3

LVESV
(ml)

No SDB 143.9 ± 52.3 126.4 ± 62.2 133.4 ± 71.7 <0.001 0.680

OSA 155.6 ± 41.7 106.2 ± 24.4 96.3 ± 25.0

CSA-CSR 131.2 ± 38.8 125.4 ± 42.7 99.2 ± 49.2

LVEF
(%)

No SDB 29.4 ± 4.1 36.6 ± 7.7 37.9 ± 9.4 <0.001 0.584

OSA 28.1 ± 5.6 39.4 ± 6.5 40.4 ± 10.5

CSA-CSR 29.5 ± 2.9 34.0 ± 7.3 42.2 ± 8.7

6MWTD
(m)

No SDB 363 ± 108 400 ± 120 469 ± 114 <0.001 0.692

OSA 347 ± 124 403 ± 116 407 ± 98

CSA-CSR 315 ± 125 396 ± 158 382 ± 117

MLHFQ No SDB 27 ± 12 17 ± 10 18 ± 21 <0.001 0.453

OSA 37 ± 15 21 ± 8 20 ± 10

CSA-CSR 34 ± 20 18 ± 15 20 ± 15

BNP
(pg/dl)

No SDB 463 ± 737 247 ± 231 220 ± 218 0.032 0.346

OSA 664 ± 1310 248 ± 203 331 ± 631

CSA-CSR 1272 ± 1223 767 ± 697 461 ± 299

BNP brain natriuretic peptide, CSA-CSR central sleep apnea-Cheyne-Stokes respiration,MLHFQ
Minnesota living with Heart Failure Questionnaire, LVEDV left ventricular end-diastolic volume,
LVESV left ventricular end-systolic volume, LVEF left ventricular ejection fraction, NYHA New
YorkHeartAssociation class,OSA obstructive sleep apnea, SDB sleep disordered-breathing, 6MWT
6 min walking test
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NYHA class showed an overall positive improvement over 1 year in the whole
population (p within groups = 0.044) and in the SDB groups (p between groups =
0.872) (Table 3).

6MWT distance improved significantly over 1-year, with the best improvement
already present at 6 months (p within groups <0.001; Table 3). Moreover, OSA and
CSA/CSR did not interfere with any functional improvement, as the prolongation in
walking distance was similar between the three groups (p between groups = 0.692;
Table 3) and irrespective of NYHA class at enrolment. At 1-year follow-up there was
a significant decrease of MLHFQ (p within groups <0.001), which was consistent
in each of the three groups, with no major differences between no SDB, OSA and
CSA/CSR patients (p between groups = 0.453; Table 3).

BNP levels were significantly reduced over 1 year in all the patients independently
of SDB presence (p within groups = 0.032, p between groups = 0.346; Table 3).

We did not find any difference in atrial AF burden, nor in ventricular arrhythmias,
hospital admissions over 1 year between no SDB, OSA and CSA/CSR patients.

Seven patients did not complete the follow-up evaluations: 3 patients with no SDB
and 1 with CSA died and 3 patients refused to participate to further follow-up visits
(Fig. 1).

SDB overall prevalence did not change significantly during follow-up (Fig. 2).
However, CSA/CSR episodes number dropped significantly from 27.7% before
implant down to 10.0% at 6-months and 3.2% at 1-year (p < 0.001); differently
OSA prevalence increased during the first 6 months from 27.7 to 53.3% and then
stabilised at 1-year (48.4%).

Also, SDB severity was favourably affected by CRT stimulation both in CSA and
OSA patients at 6- and 12-months follow-up (p within groups = 0.031, p between
groups = 0.124). The AHI value decreased in CSA patients from baseline 45 to 27
at 12-months follow-up, meanwhile it went from 32 to 21 in OSA patients (Fig. 3).
The reduction in CSA/CSR episodes and the improvement of CSA severity were
consistent even after sub-dividing the population according to NYHA class.

In the last years, the relation between HF and SDB has been a big focus of
interest, showing complex andmutual interactions with secondary effect on patients’
prognosis and treatment. CRT is a main stone in advanced chronic HF therapy and
its beneficial effects on morbidity and mortality are well documented [35, 41, 42].
Recently, its role in treatment of sleep apnoea has also been investigated.

Our study shows that more than half of chronic HF patients present sleep apnoea
with an equal distribution of central and obstructive sleep apnoea. Moreover, SDB
presence, either in the type ofOSAorCSA, does not affectCRTclinical effectiveness.

Positive CRT effects on SDB are not limited to the central form, as previously
reported in literature [26, 31–33], but our study highlights that CRT may reduce
also OSA severity, despite its relative increased prevalence: this finding was never
reported so far.

CSA episodes dropped drastically over the follow-up, from 27.7% at baseline to
3.2% at 12 months. Meanwhile, there was a substantial increase in OSA prevalence
(from 27.7% at baseline to 48.8%). CRT improves the hemodynamic, therefore pre-
venting hyperventilation and following apnoea with two mechanisms: reduction of
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venous pulmonary pressures and reduction of lung-chemoreceptor circulation time.
By acting on the pathophysiology of HF, CRT directly should affect CSA, as a direct
consequence of HF, and not the total prevalence of OSA, whose development is
related to different mechanisms. In our cases, the OSA prevalence increase could
be explained with the previously described concept of “unmasked OSA” as CSA
disappears [32]. A patient with chronic HF may present a spectrum of SDB, passing
from CSA to OSA because of the severity of cardiac dysfunction and its hemody-
namic profile. An example of this concept is reported in Fig. 4 that represents the
cardiorespiratorymonitoring at baseline and at 6months of one of our study’s patient.

The reduction of the severity of SDB over the 12-months follow-up, with the
same effects on central and obstructive type, is one of the more important results
of our study. Lamba’s metanalysis reported a reduction of severity of sleep apnoea,
with major effect specifically in patients with CSA [43]; similar results on CSA are
reported in a more recent systematic review while the CRT effects on OSA appear
controversial [44]. In contrast, we found a significant reduction of AHI value also
in OSA patients, as previously shown by Stanchina et al. [45] in a small population.
The degree of AHI reduction, at least 10 points in our population, is of great impor-
tance because the magnitude of the improvement of the respiratory profile has been
previously related to prognosis [46].

This positive effect even on OSA patients is not unexpected: in OSA, upper
airway occlusion depends not only on anatomical features but also on neck oedema
and fluids displacement during night [43, 47]. CRT, improving patient hemodynamic
profile, reduces also local oedema, and therefore the apnoea severity. Moreover, CRT
increase in cardiac output may reduce OSA events, as it does in CSA, by improving
respiratory system control loop gain that acts also on the activity of upper airway
dilator muscles [45].

The second main message of our study is that SDB does not impact CRT clinical
and echocardiographic improvements. Our results are consistent with previous indi-
rect findings: in a recent meta-analysis a substantial improvement in LVEF by CRT
was present in both SDB subgroups [43]. In the present study, however, we did not
focus only on LVEF but we systematically assessed other clinical and echocardio-
graphic variables, such as MLHFQ, 6MWT distance, NYHA class and LV volumes.
CRT resulted in an overall improvement of all the above-mentioned parameters,
independently of the presence or absence of SDB. Similar but partial results were
reported in a smaller population of 30 patients with CSA by Luthje et al. [30] and
a not significant improvement of MLHFQ score was previously described in OSA
patients by Stanchina et al. [45].

In our population, SDB did not influence prognosis at 12 months follow up. These
data diverge from Sredniawa’s ones [34] who showed that patients with high baseline
AHI valuewere at greater risk ofmajor cardiovascular events during the first 6months
of CRT.
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According to our data, SDBandHFcoexistence at baseline did not affect a positive
clinical response to CRT; therefore, sleep apnoea should not be considered a negative
factor to deny resynchronization therapy to patients with indication to CRT.

2.3 Dasap-Hf

Diagnosing apnoea is a relevant issue in heart failure patients. The automated detec-
tion of SBD has been only performed in a limited cohort of patients with preserved
LVEF requiring pacemaker (PM) implantation.

We are participating in a multicentre clinical trial called DASAP-HF to evaluate
the performance of an implantable ventilation sensor, which detects SBD in patients
implanted with an ICD or CRT-D.

3 Conclusions

The prevalence of SDB in AF population appears high. SDB is associated with a
higher arrhythmic recurrence after cardioversion, especially in case of CSA.

Patients with CSA and AF recurrences present a worst clinical profile with higher
BNP e lower LVEF values. This finding suggests a more compromised patient in
whomHFor asymptomatic systolic dysfunctionmight coexist at the time of electrical
cardioversion, therefore impacting the maintenance of sinus rhythm in the long term.

If further investigated, this might have important clinical repercussion, suggesting
a relation between the sleep profile and cardioversion success. In case of CSA the
optimization of therapy and the achievement of a better hemodynamic profile might
contribute to reduce arrhythmic recurrences.

SDB does not limit the positive response to CRT in a chronic HF population.
Differently from previous studies, CRT favoured not only a statistically significant
reduction of CSA prevalence and severity, but improved also OSA severity, despite
its increased prevalence. This last finding may be related to night neck oedema and
fluid displacement reduction, direct consequence of cardiac output improvement,
related to CRT effects.

The algorithm of implantable ventilation sensor in ICD will provide us further
insights into the pathophysiological mechanisms linking OSAS to heart failure.
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Appendix

See Figs. 1, 2, 3, and 4.
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Fig. 2 Prevalence of SDB

Fig. 3 The AHI value during follow up in patients with or without SDB
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Fig. 4 Example of cardiorespiratory monitoring at baseline and at 6 months in one patient
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