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Abstract

Aims Sleep-disordered breathing (SDB), in particular
obstructive sleep apnoea, is associated with an increased
risk of onset or recurrence of atrial fibrillation (AF) and
atrial flutter. This prospective study investigated the rela-
tionship between restoration of sinus rhythm and SDB in
patients with AF or atrial flutter.

Methods and results 138 consecutive patients (age
67.8 &+ 10.3 years, 67.4 % male) with AF (86.2 %) or
atrial flutter (13.8 %) were enrolled and underwent multi-
channel cardiorespiratory polygraphy the night before and
immediately after electrical cardioversion (CV). None of
the patients was treated with ventilation therapy before or
during the study. Overall prevalence of SDB [apnoea—hy-
popnoea index (AHI) >5/h] was 92 % and prevalence of
moderate-to-severe SDB (AHI) >15/h was 64 %. Within
the first night after CV, AHI decreased from 23.4 + 16.3 to
16.3 + 11.5/h, p < 0.001. This was due to a significant
decrease in central respiratory events, with a total reduction
of patients showing central sleep apnoea (n = 53 at base-
line vs n = 23 immediately after CV; p < 0.001).
Conclusions In conclusion, SDB represents a highly
prevalent comorbidity in patients with atrial arrhythmias.
Through cardioversion, an immediate reduction of SDB
can be detected due to a significant reduction in central
respiratory events.
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Introduction

There is growing interest in an association between sleep-
disordered breathing (SDB) and atrial fibrillation (AF)/
atrial flutter. Both SDB and atrial arrhythmias have
important effects on health status, quality of life and
healthcare resource use [1-3], and the two conditions have
been strongly linked in epidemiological studies [4, 5]. One
form of SDB, obstructive sleep apnoea (OSA), has been
shown to be an independent risk factor for AF [5-14].
Literature on central sleep apnoea (CSA) and AF or even
atrial flutter is scarce. An association of AF and CSA has
been shown in a cardiac healthy population, but not in an
all comer collective [15].

To date most data are available for OSA only [16]. Early
publications estimated that 3—7 % of adults in the US were
affected by OSA. While these numbers are probably an
underestimate, OSA still is a prevalent and underdiagnosed
condition [17-19]. More recent studies report an estimated
SDB prevalence (AHI >5/h) of 9 % in women and 24 % in
men [20]. Data from the Wisconsin Sleep Cohort show
prevalence estimates for moderate-to-severe SDB (AHI
>15/h) of 10 % for 30- to 49-year-old men, 17 % for 50- to
70-year-old men, 3 % for 30- to 49-year-old women and
9 % for 50- to 70-year-old women [21]. Furthermore,
interest in SDB among cardiologists is increasing [22],
with implantable cardiac devices able to detect and treat
the condition [23-26]. Correlations between AF and OSA
have been reported in several studies, and OSA has been
shown to be an independent risk factor for cardiac
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arrhythmias, including AF [6-11, 27]. There is overlap in
the risk factors for AF, SDB and OSA. Risk factors for
OSA include obesity, large neck circumference, male
gender, increasing age, alcohol use, smoking, menopausal
status, and Black race [28, 29]. The Sleep Heart Health
Study reported that the risk of AF in patients with OSA was
four times higher than that in patients without OSA [27].
However, data on the association between OSA and AF are
not always consistent. For example, the MrOS study
showed that, after adjustment for confounding factors, AF
was associated with CSA, which is more common in heart
failure patients, but not with OSA [11, 30].

The association and dependency of atrial arrhythmias
and SDB are of great interest, as both influence the pro-
gression of HF. Moreover, there is growing evidence for a
link between SDB and heart failure (HF) [31-33] and long
lasting AF can lead to HF [34, 35]. SDB is an under-
recognized but highly prevalent comorbidity in patients
with heart failure, who often develop AF, and has an
important impact on patients’ prognosis [32, 36, 37].
Hospitalizations and acute heart failure are common in
patients with atrial arrhythmias and are predictive of
reduced quality of life and mortality [38]. However, few
data are available and no prospective randomized trials
have been conducted to date.

This study investigated the relationship between
restoration of sinus rhythm and SDB in patients with AF or
atrial flutter immediately after CV. The hypothesis was that
restoring sinus rthythm would decrease the total number of
respiratory events, mainly as a result of decreases in the
number of central apnoeas and hypopnoeas.

Methods

A total of 138 consecutive patients recruited at the
Department of Cardiology, Heart- and Diabetes Center,
Academic Medical Center of Ruhr-University in Bad
Oeynhausen, Germany, were included in this prospective,
observational trial. Inclusion criteria were atrial dysrhyth-
mia and planned cardioversion, patient age >18 years and
all patients had to be willing to take part in the trial. All
patients with AF had persistent AF. Exclusion criteria were
known atrial thrombus or other reasons that would prevent
the patient from cardioversion and patients were excluded
from the study if cardioversion was unsuccessful or car-
dioversion was not performed for newly discovered atrial
thrombus, and no sustained sinus rhythm was restorable.
Other exclusion criteria were acute coronary syndrome
within 3 months prior to enrollment, active myocarditis,
complex congenital heart disease, constrictive pericarditis,
clinical evidence of digoxin toxicity, need for mechanical
hemodynamic support, chronic hypoxemia as evidenced by
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sustained saturation <85 % (to exclude severely underling
lung disease or oxygenation dysfunctions), transient
ischemic attack (TIA) or stroke within 3 months prior to
enrollment, status post-heart transplant or LVAD, pre-
scribed inotrope therapy, known amyloidosis, arteriove-
nous fistulas, primary hemodynamically significant
uncorrected valvular heart disease, pregnancy, and partic-
ipation in pharmaceutical or treatment-related clinical
study within 6 months of study enrollment. None of the
patients had valvular AF. Successful cardioversion was
defined as sustained restoration of sinus rhythm and car-
dioversion was exclusively performed as external, electri-
cal cardioversion with paddles and Propofol i.v.
anaesthesia. The study was approved by the institutional
ethical committee and was conducted in accordance with
the Declaration of Helsinki. All patients gave written
informed consent before being screened for SDB by mul-
tichannel cardiorespiratory polygraphy (PG). The day after
SDB screening, patients underwent cardioversion treatment
for their atrial arrhythmia followed by a second PG on the
next night. All PG sleep studies were performed by in-
hospital unattended overnight cardiorespiratory polygra-
phy. Nasal airflow measured by nasal pressure, chest and
abdominal effort, pulse oximetry, snoring and body posi-
tion were continuously recorded. More than 85 % of total
recording time had to be of good quality to be included in
this study. The temporary loss of not more than one
channel (except nasal air flow) was accepted. Analyses
were performed by a physician specially trained in SDB,
who was not involved in the clinical treatment of patients.
Standard definitions were used to describe and score SDB
as follows. An apnoea was scored if the breathing signal
had a reduction in flow of >90 % for at least 10 s, in case
of CSA without any abdominal or thoracic breathing
efforts, in case of OSA with visible ribcage and abdominal
respiratory impedance signals [36]. Hypopnoea was
defined as decrease to >30 % reduction in flow, lasting
>10 s and accompanied by a >3 % drop in oxygen satu-
ration. Patients were classified to have either predominately
CSA or OSA. Obstructive hypopnea events were scored if
snoring during the event, “flattening” of nasal pressure
during inspiration and/or paradox (antiparallel) thoracoab-
dominal excursions during the event was present. Hypop-
noeas were scored central, when no criterion matched. The
apnoea—hypopnoea index (AHI) is an established maker of
SDB severity. AHI describes the number of episodes of
apnoea and hypopnoea per hour of sleep. SDB severity was
graded according to guideline recommendations [39] and
our clinical routine as mild (AHI >5-<15/h), moderate
(>15-<30/h) and severe (AHI >30/h). Patients with an
AHI <5/h were considered to have no relevant SDB.

All recordings were performed by Embletta™ poly-
graph (Embla, Rotterdam, The Netherlands). The definition
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used in this study for the oxygen desaturation index (ODI)
was >3 % arterial oxygen desaturations per hour [39].

The Epworth Sleepiness Scale (ESS) was used to
determine daytime sleepiness assessed at study inclusion
[40].

None of the patients had known SDB at the time point of
study inclusion. This is a natural history study without any
ventilation therapy treatment, none of the patients was
treated with ventilation therapy and all patients were not
pretreated with ventilation therapy to demonstrate pristine
and natural SDB dynamics when cardiac rhythm changes.

Statistics

Statistical analysis was performed using IBM SPSS 22,
IBM Corporation, Armonk, NY, USA, for Mac, Apple Inc.,
Cupertino, CA, USA. A p value of <0.05 was defined as
statistically significant. Data are expressed as percentages
for discrete variables and as mean =+ standard deviation for
continuous variables. Continuous variables were compared
by ANOVA. Categorical comparisons were compared
using Chi-square analysis and non-parametric inferential
statistical analyses were performed using Mann—Whitney
U, Wilcoxon rank sum test and Spearman’s rank correla-
tion coefficient.

Results

A total of 300 patients were screened, and 138 patients
were finally eligible to be enrolled in the study (Fig. 1).
Patient demographic and clinical characteristics are shown
in Table 1. The majority of patients (119/138 [86.2 %])
had AF, and the remainder had atrial flutter. At baseline,
the prevalence of SDB (defined as AHI >5/h) was 92 %.
AHI was <5/h in 8 % of patients, >5 but <15/h in 37 %
and >15/h in 55.1 % (Fig. 3). The proportion of patients
with OSA, CSA or no SDB at baseline and the night after
cardioversion is shown in Fig. 2.

Successful cardioversion was achieved in 84.1 % of
patients. Reasons for unsuccessful cardioversion included
newly discovered atrial thrombi (cardioversion not per-
formed for newly discovered atrial thrombi), insufficient
anticoagulation, giant left atrial size (n = 22 patients,
anteroposterior measurement) or no restoration of a sus-
tained sinus rhythm possible. Analysing the 22 patients
with non-successful cardioversion, including cardioversion
not performed for newly discovered atrial thrombus, no
factors, including the degree of sleep apnoea (AHI 22.3/h
vs 26.2/h, ODI 28/h vs 20.5/h, T <90 % 31.1 min vs
29.4 min, SaO, 92.1 vs 93.2 %) were identified as being
responsible for non-successful cardioversion (Table 2).

453
300 patients
screened for study
inclusion/exclusion
criteria s ™\
162 patients did not
meet study
inclusion/exclusion
138 patients met ) enteaa
study inclusion . J
lexclusion criteria
119 patients had atrial
fibrillation (86.2 %)
19 patients had atrial ( N
flutter(13.8%)
22 patients could not
undergo
cardioversion
N
116 patients \. J
underwent effective
cardioversion into
sinus rhythm
J

Fig. 1 Flow patients through study

Both the characteristics and severity of SDB improved
markedly within 24 h of cardioversion (Table 2). For
patients with CSA (n = 53), central apnoea index (cAl)
was 5.0 £ 8.5/h before cardioversion and 1.9 & 5/h after
successful cardioversion (p < 0.001). Cardioversion was
associated with a reduction in mean apnoea duration from
20.4 £ 8.7to 18.8 &+ 5.9 s (p < 0.05). This was a result of
a reduction in central apnoea duration
(17.1 & 4.7-15.4 £ 4.4 s) rather than obstructive apnoea
duration (22.1 £ 10.3-21.2 &+ 6.5 s).

After successful cardioversion, 16 patients no longer had
CSA, but were classified as having OSA. No previously
classified OSA patient developed CSA after cardioversion.
Three patients (3/116 = 2.6 %) with OSA had complete
resolution of SDB after cardioversion. In our cohort, no
echocardiographic parameter was identified to influence
SDB severity or success of cardioversion. Post hoc power
calculation revealed a 98.4 % power of our study.

Discussion

The results of this study showed that prevalence of SDB in
general and central sleep apnoea in particular are high in
patients with AF or atrial flutter admitted for electrical
cardioversion. Successful cardioversion into sinus rhythm
seems to substantially reduce total numbers of apnoeas and
hypopnoeas (AHI) immediately and especially reduces the
proportion of central respiratory events. Thus, restoring of
sinus rthythm might just unmask underlying obstructive
sleep apnoea in some cases.
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Table 1 Patient demographics
and characteristics

All patients (n = 138) Patients with successful CV (n = 116)

Age (years) 67.8 £10.3 67.4 £ 10.6
Male (% patients) 67.4 66.4

Height (cm) 1729 £ 9.9 173.1 £ 9.6
Weight (kg) 859 + 16.2 86.1 + 16.3
BMI (kg/m?) 28.7 + 4.8 28.7 + 438
BSA (m?) 1.9 £02 191 £0.2
NYHA 23 +£0.7 22+0.7
Successful CV (% patients) 84.1 100

BP systolic (mmHg) 126.1 £ 17.4 122.9 £ 143
BP diastolic (mmHg) 779 £ 12.5 72.8 £ 10
Heart rate (beats/min) 90.2 4+ 24.8 63.2 + 9.6
Ischemic cardiomyopathy (% patients) 33.3 29.3
Dilated cardiomyopathy (% patients) 5.8 52
Diabetes (% patients) 25.4 24.1

Device implanted (% patients) 21.7 21.6
ACEI/ARB (% patients) 80.4 80.2
Diuretics (% patients) 63.8 62.1

Beta blocker (% patients) 84.8 85.3
Digitalis (% patients) 29 34
Amiodarone (% patients) 52.2 57.8
Aldosterone antagonists (% patients) 16.7 15.5

LVEF (%) 52.8 £ 13.8 543 £ 127
LA diameter (anteroposterior) (mm) 48.5 + 6.8 48.2 + 7.1
LVEDD (mm) 52.6 £ 8.2 521 +74
Systolic PAP (mmHg) 335 £ 102 33.1 £ 10
pH 7.43 £ 0.03 7.43 £ 0.03
pO, (mmHg) 78.9 + 9.6 80 £ 9.9
pCO, (mmHg) 36.2 £ 3.6 36.2 £ 3.6
Sa0, (%) 96.3 £ 1.86 963 £ 19
Hb (g/dL) 147 £2 147 £2
Creatinine (mg/dL) 1.1 £04 1.1 £03

ACEI angiotensin converting enzyme inhibitors, AF atrial fibrillation, ARB angiotensin receptor blockers,
BMI body mass index, BP blood pressure, BSA body surface area, CV cardioversion, Hb haemoglobin, LA
left atrial (anteroposterior measurement), LVEDD left ventricular end-diastolic diameter, LVEF left ven-
tricular ejection fraction, NYHA New York Heart Association, pCO, carbon dioxide pressure, pO, oxygen
pressure, SaO, oxygen saturation, Systolic PAP systolic pulmonary artery pressure

The prevalence of moderate-to-severe SDB in our
cohort was 55 %, comparable to previously reported data
[5, 12, 13, 30]. First studies on SDB and cardiac arrhyth-
mias were presented by Guilleminault et al. They studied
400 patients using 24-h Holter electrocardiography and
polygraphy recording in parallel. A total of 193 patients
(all had SDB, AHI >5/h), 48 % had cardiac arrhythmias
during sleep [6]. In other studies, approximately half of all
patients presenting with AF had been identified to have
SDB, primarily OSA, although different AHI definitions
for SDB have been used. The prevalence of AF was even
higher (up to 75 %) in patients with frequent episodes of
AF [5, 12].

@ Springer

The immediate effect of cardioversion on SDB has not
previously been studied. Successful restoration of sinus
rhythm decreased the number of central respiratory events,
while it had no immediate impact on pre-existing
obstructive events, which may be explained through the
fluid-shift theory, as recently reported [41]. This theory
hypothesizes that severity of OSA is related to overnight
rostral leg fluid displacement and increase in neck cir-
cumference and severity of CSA is related to overnight
rostral fluid displacement and to sleep pCO, and fluid
accumulation may be promoted in AF and reduced in sinus
rhythm. The theory indicates that in CSA overnight fluid is
displaced into the lungs, where irritant receptors may
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Fig. 2 a Proportion of patients a
with obstructive sleep apnoea 100 1
(OSA), central sleep apnoea
(CSA) or no sleep-disordered
breathing (SDB) before and 80 -
after cardioversion.
b Proportion of patients with
sleep-disordered breathing 60 -
(SDB) before and after
cardioversion
40
20 -
0 -

before CV (n=138)

after CV (n=116)

CV, cardioversion; OSA, obstructive sleep apnoea; CSA, central sleep apnoea, SDB, sleep-disordered breathing
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AHI, apnoea-hypopnoea index;cl, central apnoea index; CV, cardioversion; ODI, oxygen desaturation index

m AHI<5
W AHI<15

m AHI 215

AHI, apnoea-hypopnoeaindex

Fig. 3 SDB severity distribution of our study population before
cardioversion

contribute to CSA [41]. We hypothesize that in patients
with pre-existing CSA, after cardioversion and sinus
rhythm restoration, less fluid accumulates in the legs, for
hemodynamic improvements through re-established atrial
contraction and therefore less overnight fluid shift into the
lungs occurs, which might explain the fewer presence of
CSA through cardioversion in our study. While pre-exist-
ing or underlying OSA, based on anatomic upper airway
narrowness is not influenced by cardioversion, but OSA
seems to be unmasked by disappearance of CSA through
cardioversion. Furthermore, surrounding cardioversion
patients are fasting and for the procedure and for anaes-
thesia reclined in bed, which results in fluid-shift omittance
and therefore no impact on obstructive events, but a
reduction of central events occurs, as recently elucidated
by Yumino et al. [41] through hemodynamic improvements
in restored sinus rhythm.

But in contrast to baseline and during AF and atrial
flutter, more events turned obstructive from central before
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Table 2 Sleep-disordered

breathing parameters before and Before cardioversion (n = 116) After cardioversion (n = 116) p value
after cardioversion Heart rate (/min) 91.6 + 25.6 632 + 9.6 <0.001
BP systolic (mmHg) 126.2 £+ 16.6 1229 +£ 143 0.016
BP diastolic (mmHg) 784 + 12.3 72.8 £ 10 0.006
ESS 58+3 5.6 £ 3.1 0.665
Index time (min) 419.3 £ 79.6 414.5 £ 87.3 0.827
AHI/h 229 + 16.1 164 + 11.6 <0.001
ODI/h 204 + 15 16.8 + 11.8 0.142
Al/h 9.1 + 114 52+85 <0.001
oAl/h 25+36 1.7 £ 32 <0.001
cAl/h 44 £8 19+£5 <0.001
mixed Al/h 1.1 £238 0.5 + 1.66 <0.001
HI/h 12.1 £9.5 11 + 6.6 0.088
Mean SaO, (%) 932 +2 93.0+ 1.8 0.744
Minimum SaO, (%) 83.6 + 7.1 82.6 £ 7.3 <0.001
Mean desaturation (%) 45+ 13 44 + 1 0.011
Time <90 (%) 82 4+ 14.2 7.6 + 12.6 <0.001
Snoring episodes 38.2 £ 45.7 44.3 £ 50.3 0.191

Summating Al and HI does not always meet AHI, as some unclassified episodes remain during analysis

AHI apnoea-hypopnoea index, Al apnoea index, cAl central apnoea index, CV cardioversion, BP blood
pressure, ESS Epworth Sleepiness Scale, HI hypopnoea index, HR heart rate, oAl obstructive apnoea index,
ODI oxygen desaturation index, SaO, oxygen saturation, SBP systolic blood pressure

CV. Thus, improvement in hemodynamics, as achieved
with CV into sinus rhythm, might reduce central respira-
tory events [41], but unmasks underlying obstructive sleep
apnoea, as shown before [42].

Although strong epidemiological associations between
SDB and AF have been reported [11-14], the mechanisms
by which SDB causes AF, or vice versa, are not well
understood. There are multiple factors that may cause or
promote AF in SDB patients [43]. Mechanical stretch of the
atria and the walls of the pulmonary vein creating large
changes in transmural pressure, as well as high sympathetic
activity, sudden blood pressure surges, hypoxaemia,
hypercarbia, acidosis, and systemic inflammation can
stimulate atrial dilation and predispose to AF [44]. In
addition, arrhythmogenic changes of the atrial myocardium
including atrial size enlargement, scarring and fibroses can
serve as a substrate for AF [45]. SDB has been shown to
have a direct effect on electrical and mechanical remod-
elling of the heart [45]. A key factor, therefore, seems to be
the renin—angiotensin—aldosterone system; previous studies
have documented elevated levels of angiotensin II and
aldosterone in OSA patients [46, 47]. Increased aldosterone
serum levels stimulate collagen synthesis by myocardial
fibroblasts and may also play a role in myocyte death via
their effect on electrolyte balance [48, 49]. In addition, SDB
is a common comorbidity in patients with structural heart
disease secondary to cardiac remodelling, such as systolic
or diastolic heart failure or cardiomyopathies [36, 50, 51].
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The results of this study confirmed previous data
showing that typical SDB symptoms, such as daytime
sleepiness, as documented by ESS [40] in this study, do not
correlate with the presence of SDB in these patients [14].
Patients with AF have been shown to have reduced sleep
time and impaired sleep quality [52]. Patients may not
complain about typical SDB symptoms and are therefore
not aware that they may have SDB, highlighting the
importance of screening for SDB in patients with AF even
in the absence of indicative symptoms [52].

This study also documents changes in the nature of SDB
after cardioversion, with obstructive events becoming more
frequent after CV. It is likely that OSA was always present,
but was not detected because of the high prevalence of
central apnoea events, which diminish according to fluid-
shift theory [41]. Upper airway narrowing and occlusion
during the course of CSA have previously been docu-
mented [41, 53, 54]. Therefore, the upper airway becomes
vulnerable to closure, in the nadir of the ventilatory cycle
of periodic breathing, resulting in mixed apnoeas, accord-
ing to our findings [55, 56]. Furthermore, patients with
heart failure who are prone to upper airway occlusion (e.g.
obese subjects) will develop obstructive or mixed apnoeas
in the setting of background periodic breathing [55].
Improvements in CSA after cardioversion therefore may
have resulted in an “unmasking” of underling OSA. Given
that pulmonary congestion in the setting of heart failure is
redistributed by overnight rostral fluid displacement to the
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lungs [41], lowering carbon dioxide pressure and predis-
posing to more CSA events [41], another possibility is that
hemodynamic improvements secondary to restoration of
sinus rhythm alleviate fluid congestion resulting in less
impulse to maintain or trigger CSA events [55]. Our study
result hereby encourages further research and future studies
on this important topic.

Limitations

One of the limitations of this study was the use of multi-
channel PG, rather than multichannel polysomnography
(PSG), meaning that sleep and sleep quantity of the study
population could not be determined. The duration of con-
tinuous AF pre-cardioversion is not known for the patients,
but can be assumed as long time as the average left atrium
is big.

Conclusions

In conclusion, SDB is a highly prevalent comorbidity in
patients with atrial arrhythmias. Through cardioversion, an
immediate reduction of SDB can be detected especially in
a significant reduction in central respiratory events.
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