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Abstract

Purpose of Review Obstructive sleep apnea syndrome (OSAS) has a high prevalence in western countries. Many papers have
been published with the purpose of demonstrating that OSAS acts as an arrhythmia trigger and is responsible for an increase in
cardiovascular morbidity and mortality. The aim of this study was to review our knowledge on this topic.

Recent Findings There is a lot of evidence demonstrating the relationship between OSAS and arrhythmias, but there remains a
lack of an interventional randomized trial to demonstrate that by treating OSAS we can reduce arrhythmia burden.

Summary OSAS is a highly prevalent illness in western countries and is clearly related to an increase in cardiovascular mortality
and morbidity. Cardiac arrhythmias are triggered by a repetitive hypoxemia, hypercapnia, acidosis, intrathoracic pressure fluc-
tuations, reoxygenation, and arousals during apnea and hypopnea episodes. Early diagnosis and treatment of these patients can
reduce further cardiovascular morbidity and mortality.

Keywords Obstructive sleep apnea-syndrome - Cardiac arrhythmias - Cardiovascular morbidity and mortality

Introduction Polysomnography is the gold standard diagnostic method that

uses the number of apneas and hypopneas per hour of sleep,

Obstructive sleep apnea (OSA) consists of repetitive episodes of
complete or partial cessation of breathing conducting to apneas
(>10 s without breathing) or hypopneas (30% reduction of the
breathing flux during 10 s with oxygen desaturation >4% and or
an arousal), caused by a collapse of the upper airway path.
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and the apnea-hypopnea index (AHI) is the way to measure it.
OSA syndrome (OSAS) means an AHI > 5 with evidence of
daytime sleepiness and is considered severe OSAS when AHI >
30. Continuous positive airway pressure (CPAP) is the treatment
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of choice in severe OSAS [1]. Table 1 shows the related terms
and definitions.

OSAS is quite prevalent in the general population (2-3% in
women and up to 6-9 % in men), increasing with age; in men
over 50, its prevalence is approximately 17%, and 9% in
women [2]. It seems logical that the prevalence is rising due
to the increasingly aged population and the ongoing obesity
epidemic [3]. OSAS increases the risk of traffic accidents by
sevenfold [4] and is associated with an increase in morning
irritability.

The relationship between OSAS and cardiovascular dis-
ease has long time been established and is clearly demonstrat-
ed with hypertension [5], as well as with heart failure, atrial
fibrillation (AF), coronary disease, and stroke [6°].

The OSAS pathophysiology can explain this relationship.
Indeed, repetitive airway cessation induces hypoxemia, hyper-
capnia, intrathoracic pressure fluctuations, reoxygenation, and
arousals [6+,72,8]. All these repetitive insults can activate sev-
eral cardiovascular mechanisms such as sympathetic activa-
tion inducing vasoconstriction, tachycardia, acute blood pres-
sure elevations, and a decrease of cardiac variability, also in
addition to an increase in left ventricular wall stress, increase
in afterload, acute diastolic dysfunction, left atrial stress, left
atrial enlargement, hypercoagulability, oxidative stress, and
endothelial dysfunction. Finally, all of these mechanisms are
related to hypertension, systolic and diastolic dysfunction,
coronary artery disease, sinus node dysfunction (sick sinus
syndrome), atrioventricular block, AF, ventricular ectopy or
even ventricular tachycardia and sudden cardiac death.
Figure 1 shows the pathophysiological scenario of OSA.

OSAS and Atrial Fibrillation

Although causality between OSAS and AF has yet to be
established, there is a large number of mechanistic pathways
that may increase the propensity to develop AF. These path-
ways are complex, multidirectional, and potentially synergistic.

In addition, OSA and AF share a lot of risk factors such as
increasing age, obesity, heart failure, and hypertension [6¢].

Epidemiologic studies have shown that OSAS doubles the
risk of having AF, providing evidence of the relationship be-
tween these two illnesses. In 1993, Flemons et al. [9] identified
a potential relationship between sleep apnea and a greater inci-
dence of arrhythmias, but failed to produce statistically signifi-
cant variations among a small sample study with 263 partici-
pants. However, the 1998 study by Javaheri et al. [10] found a
statistically significant association between sleep apnea and AF.
Although the results were significant, the sample includes only
males, thereby posing a potential gender bias within the small 81-
participant study. In 2004, Gami et al. [11] showed a significant
difference of OSA between patients with AF (49%) compared
with patients without AF (32%) in a general cardiology practice
population. In another study [12] of the same group, they showed
that in patients under 65 years, in the multivariate analysis, age,
male gender, history of coronary artery disease, and obesity,
increased the risk of incident atrial fibrillation, but the factor that
increased the risk most was a decrease of nocturnal oxygen sat-
uration with a HR of 3.29 (1.35-8.04) 95%CI. Mehra et al. [13]
in the Sleep Heart Health study showed that in 566 patients with
severe OSA, up to 5% had AF in a 24 h Holter monitoring
compared with 1% in patients without OSA.

It is also worth noting that when treating AF, the presence
of OSA has recurrence consequences. Kanagala et al. [14], in
118 patients undergoing electrical cardioversion with 39 with
documented OSA, showed that after a 12-month follow-up
period, recurrences were significantly higher in non-treated
OSA patients compared with well treated OSA patients with
CPAP and a control group with no respiratory disturbances.
Matiello et al. [15], in 174 patients undergoing pulmonary
veins isolation, found an increase in AF recurrences in patients
with severe OSA compared with patients without. Other stud-
ies have shown an increase in recurrences due to
reconduction, after isolation of pulmonary veins, in patients
with OSAS compared with patients without. Indeed, Sauer
et al. [16] published some years ago that the five factors asso-
ciated with the acute reconduction in pulmonary veins, were

Table 1 Obstructive sleep apnea,

related terms, and definitions Term

Definition

Apnea
Hypopnea

AHI

OSA
Mild
Moderate
Severe

OSA syndrome

Cessation of airflow for at least 10 s

Reduction in airflow by at least 30% for at least 10 s with decrease
in oxygen saturation and or an arousal

Number of apneas and hypopneas per hour of sleep

AHI>5<15
AHI > 15 <30
AHI > 30

AHI > 30 with evidence of daytime sleepiness
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Fig. 1 Pathophysiological scenario in OSA patients

age, hypertension, non-paroxysmal AF, large left atrium, and
sleep breathing disorders.

Several authors have also shown that CPAP treatment can
reduce recurrences of AF after pulmonary veins isolation in
patients with OSAS [17]. Table 2 shows the most significant
studies on this issue.

Recent studies [21-23] have examined atrial remodeling of
structural and electrical components in patients with OSA to
account for predisposition to AF. Sudden negative intratho-
racic pressures may lead to repetitive atrial stretch and gradu-
ally lead to left atrial enlargement [24]. As a result of left atrial
enlargement, there may be remodeling at the pulmonary vein
ostia, a site known to initiate and propagate AF [25]. Patients
with moderate—severe OSA (AHI > 15) undergoing catheter
ablation had significantly larger left atria indexed to body
surface area compared to those patients with an AHI < 15
(p=0.009) [21]. Because an enlarged left atrium is a risk factor
for AF, a plausible mechanism for OSA leading to a predis-
position to AF is structural remodeling.

OSAS and Other Arrhythmias
OSAS and Sick Sinus Syndrome (SSS)

SSS consisting of bradycardia with chronotropic incompe-
tence, different degrees of sino-atrial block, and the well-
known tachycardia—bradycardia syndrome are quite common
in OSAS patients [6, 7]. Simantirakis et al. [26] included 23
patients with moderate to severe OSAS with an implantation
of a loop recorder, and followed them for 16 months. The
study conclude that the prevalence of long pauses and brady-
cardia was 22%. Marti-Almor et al. [27] performed a PSG and
the Epworth sleepiness scale (ESS) in 38 patients with SSS,
showing that up to 87% of patients had OSAS and 32% were
considered severe OSAS compared with 3% in the general
population, supporting the association between OSAS and
SSS. Garrigue et al. [28] studied 98 patients, with an im-
planted pacemaker, with PSG and ESS for identification of
OSAS patients, identifying 59% of pacemaker patients with

Table 2 Significant studies showing that CPAP is able to reduce AF recurrences after PVI in OSAS patients
Investigator Number Follow-up period Methods Results
of patients (months)
Fein et al. [18¢] 426 26+ 18 Prospective consecutive After PVI, 72% of the CPAP patients and 625
patients of the non-CPAP patients were free of AF

(p=0.005)

Abe et al. [19] 1394 N/A Prospective trial CPAP significantly reduced the occurrences
of paroxysmal AF (p< 0.001)

Patel et al. [20] 640 OSA; 2360 controls 32+ 14 Prospective consecutive After PVI, 79% of CPAP users compared

to 68% of non-CPAP users were free
of AF (p =0.003)

patients
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undiagnosed OSAS. In 2014, Velasco et al. [29] performed a
cross-sectional survey study to evaluate symptomatic brady-
cardia with OSAS. They included 190 patients and catego-
rized them according to their risk for OSA, with a high-risk
and low-risk group based on the Berlin questionnaire [30].
Multivariate regression was used to control for the effect of
confounding influences. No statistically significant variations
between OSA risk and the presence of brady-arrhythmias
were identified. Nevertheless the study had several limitations
especially related to the diagnosis of brady-arrhythmias based
upon medical chart reviews instead on ECG recordings.

OSAS and Atrial Flutter

Increased pressure in the pulmonary artery—one of the con-
sequences of severe OSAS—has been associated with atrial
arrhythmias, such as AF and typical atrial flutter. Although
there is a paucity of literature regarding the relationship of
typical atrial flutter and OSAS, Bazan et al. [31] in a prospec-
tive series of 56 patients undergoing typical atrial flutter abla-
tion, screened for OSA, found that up to 82% of patients had
OSAS and 45% of them were considered as severe OSAS. In
this study, 38% of patients had AF during follow-up after
flutter ablation. Both freedom of AF prior to flutter ablation
and CPAP initiation were associated with a significant reduc-
tion of AF during follow-up; inversely, CPAP was not protec-
tive from AF recurrences when AF was documented prior to
flutter ablation. This finding can be explained by the fact that
the left atrium may already be damaged and atrial fibrosis
cannot be reversed by CPAP treatment.

OSAS and Ventricular Tachycardia/Sudden Cardiac
Death

Ventricular arrhythmias have also been associated with
OSAS, probably related to several factors such as ventricular
hypertrophy, QT interval prolongation, and triggered and ab-
normal automaticity due to the autonomic imbalance in OSAS
patients [32]. In a study by Koshino et al. [33], 35 patients
with ventricular arrhythmias were screened for OSAS. They
showed that up to 60% had some kind of sleep breathing
disorder and 22% of them showed an IAH > 30/h (severe
OSAS). Gami et al. [34], in a revision of PSG in 112 patients
with sudden cardiac death, showed that people with OSAS
have a peak in sudden death from cardiac causes during
sleeping hours, which contrasts strikingly with the nadir of
sudden death from cardiac causes during this period in people
without obstructive sleep apnea and in the general population.
There was a clear relationship between AHI and sudden death,
with a clear increase in sudden death when AHI is over 40.
The earlier research of Gami et al. was reaffirmed in a 15-year,
longitudinal follow-up study: SCD was the significant and ele-
vated risk among individuals suffering from sleep apnea [35].

@ Springer

Strengthening their prior findings, the researchers revealed pre-
dictors of SCD through regression analysis, indicating that along
with age (>60 years), a mean nocturnal oxygen saturation <93%,
and specifically a low nocturnal oxygen saturation of <78%, as
well as an AHI > 20, all significantly predict risk for sudden
cardiac arrest. In fact, the researchers revealed that when oxygen
saturation reached 78% or less, the inversely related risk for SCD
was approximately 80% in OSAS patients.

OSAS in Pacemaker Population

There was an increase in OSAS prevalence in pacemaker pa-
tients. In addition, in the past, pacemaker implementation was
offered as a therapeutic tool for treating OSAS patients.

A study from Garrige et al. [36] concluded that atrial over-
drive pacing (AOP) was an effective treatment to decrease AHI
in OSA patients. No other study has reproduced these findings,
even the same group published years later that AOP was not
useful for OSA patients [37]. Finally, Simantirakis et al. [38] in
16 patients with OSAS compared CPAP vs AOP switching ther-
apy after one month, and described that only CPAP is able to
ameliorate OSAS, with any effect on AOP. Only
resynchronization therapy is able to ameliorate sleep breathing
disorders related to central sleep apnea, due to the fact of improv-
ing heart failure [39].

Interestingly pacemaker manufacturers have been very interest-
ed in the role of cardiac pacing as a treatment of breathing disor-
ders. This means that nowadays we have the possibility to use the
ventilation minute rate responsive sensor (transthoracic impedance
sensor) as a surrogate of PSG to early detect apneas; this system is
called Sleep Apnea Monitoring (SAM). In the DREAM study
[40], SAM was tested with PSG and the authors found that a
respiratory disturbance index (RDI) > 20 was equivalent to an
AHI > 30 in a PSG with a very high sensitivity and specificity.

Nevertheless, as pointed out before the prevalence of OSA
in pacemaker patients is extremely high compared with the
general population. In the European Multicenter polysomno-
graphic study [28], the prevalence of OSA was 68% in pa-
tients with a long term pacing for atrio-ventricular block
(AVB) and 58% in patients with SSS. Using the RDI as a
diagnostic tool in RESPIRE registry Marti-Almor et al. [41¢]
described a high proportion of unselected pacemaker patients
with OSAS (31.1%), interestingly the study showed a higher
incidence of significant AF, defined as cumulative AF epi-
sodes lasting more than 24 hours over two consecutive days
on the basis of the duration of the fallback mode switch, in
patients with severe OSAS than in patients with non-severe
OSAS (25% vs 13.9%, p = 0.002)

The relationship of SSS and OSAS has already been de-
scribed but there is some discrepancy regarding the relation-
ship of atrioventricular block (AVB) and OSAS. Tilkian and
co-workers [42] reported that more than 50% of patients with
sleep apnea develop episodes of heart block during sleep. In
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400 patients studied by Guilleminault et al. [43], bradycardic
arrhythmias were reported in almost 18% of the patients and
later studies found heart block in 9-13% of patients with sleep
apnea. Due to ventricular asystoles of up to 13 s in duration, it
was hypothesized that heart block might lead to an increased
mortality risk in these patients. Becker et al. [44] performed
Holter monitoring in 239 consecutive patients diagnosed as
having sleep apnea (AHI >10/h). Episodes of second and third
degree AVB and/or sinus arrest > 2 s in duration occurred in
17 of the 239 patients. There was no significant difference in
age between patients with and without heart block (mean (SD)
50.7 (12.8) versus 52.1 (9.8) years), but those with heart block
were significantly more obese (body mass index 38.7 (7.3)
versus 30.7 (4.6). Bradycardic arrhythmias exclusively oc-
curred during apneas and hypopneas and were not found dur-
ing hyperventilation. The occurrence of AVB was related to
the severity of apneas, showing that patients with AHI < 60/h
did not have any heart block while 17/97 patients with AHI >
60 did.

Sleep Disorders Breathing and Cardiac
Electrophysiology

A variety of electrophysiological parameters including abnor-
mal automaticity, triggered activity, shortening of the atrial
effective period, QT interval prolongation or even re-entrant
mechanism due to the presence of slow conduction areas in a
fibrosis border zone after structural atrial or ventricular dam-
age, may be included in OSA pathophysiology. Enhanced
arrhythmogenesis occurs when automaticity is either

Hypoxemia

increased or reduced by sympathetic or parasympathetic acti-
vation due to repetitive hypoxemia and reoxygenation epi-
sodes occurring during sleep in OSAS patients. Abnormal
automaticity is generated in response to potassium dysregula-
tion that is observed during the hyperpneic phase of periodic
sleep apnea [45, 46].

Triggered activity occurs when early or delayed depolar-
izations reach a membrane potential threshold resulting in a
spontaneous action potential. This triggered response can re-
sult in extrasystoles that can precipitate tachyarrhythmia.
Established triggered activity precipitants via early after depo-
larizations include hypoxia, acidosis, and ventricular hyper-
trophy [45, 47], all intrinsic characteristics of OSAS patho-
physiology. Alternatively, delayed after depolarizations
resulting in triggered activity often occurs in response to in-
creased catecholamine levels, which are also inherent to
OSAS.

The interval between the T wave peak and T wave end in
the ECG has been studied as a measure of cardiac dispersion
and repolarization. An increase in this interval is associated
with ventricular arrhythmias and sudden cardiac death
[48-50]. In patients with OSAS, an increase in these intervals
and a correction of them after CPAP treatment has been de-
scribed [51, 52].

A decrease in the atrial effective refractory period (ERP)
[53] has also been described in OSA patients that refers to the
time when the cardiomyocyte is not excitable because it is
recovering from the last action potential. This shortening in
ERP may predispose to AF generation.

In a recent study, Schlatzer et al. [54] in a simulated ob-
structive sleep apnea model, observed that intrathoracic

- N

Hypercapnia
Reoxigenation

Autonomic Nervous

Increases of sysstemic
inflamation/Oxidative stress

. ~——> | System Fluctuations | — > .
Arousals and microarousals y Vascular dysfunction
Intrathoracic pressure swings Hipercoagulability
/// \ \ /
/ \
/// \
/// A\
K il \< v v

Decreased
Atrial efective [

Refractory period

Qr Re-entrant
prolongation mechanisms

Structural
remodeling
Electrical
remodeling

Triggered and
’ abnormal

automaticity

OSA pathophysiology and arrhythmic and structural consequences

Fig. 2 The whole pathophysiology that explains the relationship between OSA and cardiac arrhythmias

@ Springer



20 Page6o0f8

Curr Cardiol Rep (2021) 23: 20

pressure swings induce atrial premature beats and alter mea-
sures of ventricular repolarization in 44 patients with previous
paroxysmal atrial fibrillation. They concluded that atrial pre-
mature beats may induce paroxysmal atrial fibrillation.
Figure 2 summarizes the arrhythmogenic mechanisms present
in OSAS patients.

Conclusion

OSAS is a highly prevalent illness in western countries and is
clearly related to an increase in cardiovascular mortality and
morbidity. Cardiac arrhythmias are triggered by a repetitive
hypoxemia, hypercapnia, acidosis, intrathoracic pressure fluc-
tuations, reoxygenation, and arousals during apnea-
hypopnoea episodes. An early diagnosis and treatment of
these patients can reduce further cardiovascular morbidity
and mortality.

Nevertheless, some problems remain to be resolved regard-
ing OSAS and arrhythmias.

1) OSAS has been related to multiple arrhythmias, with a
huge amount of observational evidence, but there remains
a necessity for an interventional randomized trial to dem-
onstrate a causative relationship between OSAS and car-
diac arrhythmias, demonstrating a reduction of arrhyth-
mic burden with effective OSAS treatment.

2) Most of the patients with OSAS are mildly symptomatic,
and the diagnosis is done late, after much of the damage to
the cardiac chamber has already occurred. When there is a
structural remodeling rather than electrical remodeling,
CPAP is not always able to reverse the situation. PSG is
the gold standard diagnosis tool, but the waiting list in
western countries is long. Using SAM in pacemaker pa-
tients is an option to detect OSAS in this setting, but it is
not an early diagnosis in patients already implanted with a
pacemaker. It is possible that in the future, smartphones
will be able to detect snoring or may have some breathing
sensor that can diagnose the patients early to avoid cardi-
ac arrhythmias.

3) It is imperative to know if we have to act earlier, specif-
ically in moderate OSA (AHI 15-30), to avoid structural
remodeling.

4) We also have to know what to do with older patients with
OSAS, specifically those diagnosed with SAM in some
pacemakers. Is it worth to treat them, or are we too late to
avoid further morbidity and mortality?

5) OSA has been seen by the medical community as a
pneumologist problem, but with increasing age, the obe-
sity pandemic, and lifestyles in western countries, it is
important to recognize that others specialists may help
to decrease the major consequences of OSAS.
Cardiologists, neurologists, and internists must look for

@ Springer

OSA in patients with arrhythmias or stroke and treat them
as soon as possible with CPAP in order to reduce cardio-
vascular morbidity.
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