Send Orders for Reprints to reprints@benthamscience.ae

64 Current Cardiology Reviews, 2019, 15, 64-74

REVIEW ARTICLE

Ventricular Arrhythmias in Patients with Obstructive Sleep Apnea
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Abstract: Obstructive Sleep Apnea (OSA) is a prevalent condition thought to increase in the fu-
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ture. Being mostly undiagnosed, the most serious complications are cardiovascular diseases, among
which are arrhythmias. Controversy remains as to whether OSA is a primary etiologic factor for
ventricular arrhythmias, because of the high incidence of cardiovascular comorbidities in OSA pa-
tients. However, there is mostly a strong evidence of a relation between OSA and ventricular ar-
thythmias. A few mechanisms have been proposed to be responsible for this association and some

DOI: electrocardiographic changes have also been demonstrated to be more frequent in OSA patients.
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Treatment of OSA with Continuous Positive Airway Pressure (CPAP) has the potential to reduce

arrhythmias and confer a mortality benefit.
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1. INTRODUCTION

Searching for Obstructive Sleep Apnea (OSA) in patients
presenting with Atrial Fibrillation (AF) is a common and
recommended practice [1] due to the strong evidence of an
association between these two entities [2-6]. While most
studies have focused on the links between OSA and AF, as-
sociations with Ventricular Arrhythmias (VA) have also
been characterized, although pooling and meta-analysis of
studies have not been possible due to the heterogeneity of
data [7]. A few mechanisms have been proposed to be re-
sponsible for this association and some electrocardiographic
changes have also been demonstrated to be more frequent in
OSA patients.

2. OBSTRUCTIVE SLEEP APNEA

OSA is a highly prevalent disease, affecting 4% of men
and 2% of women [8]. Due to its association with obesity,
the prevalence of which is rising, OSA will represent an es-
calating public health burden.

OSA is characterized by repetitive upper airway col-
lapses during sleep resulting in intermittent hypoxia and hy-
percapnia, sleep fragmentation and repetitive intrathoracic
pressure changes due to increased respiratory efforts against
occluded upper airway. The mechanism by which the upper
airway collapses is not fully understood but is multifactorial
and includes obesity, craniofacial changes, alteration in
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upper airway muscle function, pharyngeal neuropathy and
fluid shift towards the neck [9].

A detailed medical history (including the patient’s part-
ner as he or she can provide important information about
what occurs during the night) and clinical examination are
important in the evaluation of patients suspected of having
OSA. Some predictive information can be obtained from
self-reported questionnaires intended to measure daytime
sleepiness [Epworth Sleepiness Scale (ESS) [10], the Berlin
Questionnaire [11] or Stop-Bang Questionnaire [12]].

Polysomnography (PSG) is the preferred method to diag-
nose OSA. Apnea is defined as a cessation of airflow for >10
seconds, while hypopnea is a reduction in but not complete
cessation of airflow to <50% of normal, usually in associa-
tion with a reduction in oxyhemoglobin saturation. The most
commonly used index to diagnose OSA and define its sever-
ity is the Apnea/Hypopnea Index (AHI), calculated as the
number of obstructive events per hour of sleep. A diagnosis
is made if there are more than five predominantly obstructive
respiratory AHI in a symptomatic patient [13]. Symptoms
and clinical signals include excessive daytime sleepiness,
non-restorative sleep, fatigue or insomnia; waking up with
choking, breath holding or gasping; headaches in the morn-
ing, witnessed habitual snoring and/or breathing interrup-
tions; and hypertension, mood disorder, cognitive dysfunc-
tion, coronary artery disease, stroke, congestive Heart Fail-
ure (HF), AF or type 2 diabetes mellitus [13]. Importantly,
sleep apnea discovered in a sleep recording without any
symptoms is usually not considered to be OSA, except if the
AHI is >15 [14]. In this review, otherwise indicated, we use
the following cutoffs for graduating OSA: mild (5 < AHI <
15), moderate (15 < AHI < 30) and severe (AHI > 30) OSA.
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Continuous Positive Airway Pressure (CPAP) is the pri-
mary treatment modality in patients with moderate to severe
OSA. It is a treatment that uses mild air pressure to keep the
airways open. The beneficial effect of CPAP on symptoms
and quality of life is obtained after only a few days of treat-
ment [15, 16] but it depends on adherence [17, 18] Which is
not easy to achieve.

3. CARDIAC ARRHYTHMIAS IN OSA PATIENTS

Cardiac arrhythmias are reportedly in 30%-60% of pa-
tients with OSA and include sinus arrest and second-degree
atrioventricular conduction block, AF and flutter, atrial and
ventricular extrasystoles, nonsustained and sustained Ven-
tricular Tachycardia (VT) and even Sudden Cardiac Death
(SCD) [19-27]. The higher the number of AHI and severity
of the associated hypoxemia, the higher the prevalence of
such arrhythmias [28-33].

VA, primarily premature ventricular contractions
(PVCs), have been reported in up to two-thirds of patients
with OSA, which is significantly higher than the rates re-
ported in persons without OSA (0% to 12%) [20, 21]. In
most OSA patients, VA appear most often during sleep, with
the greatest frequency occurring during apneic periods [29,
34, 35]. This is opposed to the pattern of VA distribution in
individuals without OSA. Furthermore, VA (particularly
PVCs) occur more frequently during the apneic phases than
during hyperpnea in OSA patients, which is in contrast to
those patients with Central Sleep Apnea (CSA), in whom
ventricular ectopy was noted to occur more frequently during
hyperpneas than apneas [36].

4. MECHANISMS OF OSA-INDUCTED VENTRICU-
LAR ARRHYTHMIAS

OSA itself causes a complex impairment of myocardium
through multifactorial mechanisms. Key findings implicate
OSA-related autonomic nervous system fluctuations typified
by enhanced parasympathetic activation during and sympa-
thetic surges subsequent to respiratory events, which con-
tribute to augmented arrhythmic propensity. Other more im-
mediate pathophysiologic influences of OSA enhancing ar-
rhythmogenesis include intermittent hypoxia and hypercap-
nia/acidemia, sleep fragmentation and intrathoracic pressure
swings leading to myocardial stretch. Intermediate pathways
by which OSA may trigger arrhythmia include increased
systemic inflammation, oxidative stress, enhanced pro-
thrombotic state and vascular dysfunction [37]. These
mechanisms lead to ventricular hypertrophy and dysfunction
at the organ level, presented at the tissue and cellular levels
as multifocal infarcts, myocyte hypertrophy and apoptosis
and inflammatory infiltrations [38]. Long-term OSA seque-
lae such as hypertension, ventricular hypertrophy, fibrosis
and coronary artery disease also predispose to cardiac ar-
rhythmia [37].

4.1. Sympathovagal Imbalance

In OSA patients, there are sequential autonomic altera-
tions which lead to enhanced arrhythmia susceptibility.
First, enhanced vagal efferent outflow to the heart leads to
the bradycardia observed during the apneic event (i.e. the
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diving reflex due to increased respiratory efforts of pro-
gressive magnitude to achieve restoration of airway
patency). After upper airway patency restoration, strong
sympathetic nervous system responses are elicited secon-
dary to the interacting effects of central respiratory sympa-
thetic coupling, hypoxia, hypercapnia and absence of
sympatho-inhibition from normal lung initiation reflexes
[37, 39]. Local cardiac stretch reflexes and baroreflexes
might also play a role [39].

4.2. Hypoxia and Hypoxemia

Apneas and hypopneas impair gas exchange resulting in
hypoxia and hypoxemia. Hypoxemia directly stimulates
chemoreceptors in the carotid body, precipitating increased
ventilation and sympathetic discharges [40-42]. In addition,
hypoxia leads to peripheral vasoconstriction which increases
both preload and afterload, alters ventricular repolarization
and increases expression of Left Ventricle (LV) endocardial
calcium channels [43].

Furthermore, re-oxygenation after termination of upper
airway obstruction may lead to the formation of hazardous
Reactive Oxygen Species (ROS). ROS generation has been
linked with arrhythmogenesis, as a result of changes in cal-
cium channel activity and by the promotion of microvascular
ischemia [44, 45].

4.3. Intrathoracic Pressure Alterations

In healthy individuals, intrathoracic pressure during in-
spiration is normally about -8 cmH,0O. In patients with OSA,
upper airway occlusion generates negative intrathoracic
pressures of less than -30 cmH,0. These large pressure shifts
during obstructive apneas increase venous return to the right
heart and LV afterload, decrease LV compliance and
increase cardiac wall stress [46, 47], which appear to be suf-
ficient to cause ventricular remodeling [37]. Supporting this
hypothesis, healthy subjects who performed the Miiller ma-
neuver (inspiration against an occluded mouthpiece) simulat-
ing increased intrathoracic pressures were found to have an
acute increase in LV afterload [48]. In animal experiments,
intrathoracic pressure swings during obstructive apneas con-
tribute to changes in ventricular repolarization, which are not
observed with central apneas and are mainly driven by sym-
pathetic activation [49].

4.4. Myocardial Ischemia

The combination of hypoxemia, increased Heart Rate
(HR) and Blood Pressure (BP) and increased LV afterload -
due to augmented sympathetic nerve activity and increased
intra-thoracic pressure - leads to an imbalance between in-
creased myocardial oxygen consumption and decreased oxy-
gen supply. All could lead to myocardial ischemia, which
could predispose to VA and SCD.

4.5. Changes in Cardiac Structure

The repetitive fluctuations in HR, BP and intrathoracic
pressure during sleep and increased sympathetic nerve activ-
ity during sleep and wakefulness, lead to remodeling of the
ventricles over time, which then could lead to right and left
ventricular hypertrophy and subsequently to systolic and
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diastolic dysfunction. Also, the repetitive ischemic insults
may promote ventricular fibrosis [50]. Indeed, mechanical
effects of OSA promote cardiac stretching and can elucidate
a mechano-electrical mechanism responsible to predispose to
arrhythmias [51].

Due to the pathological abnormalities occurring in OSA,
several mechanisms of arrhythmogenesis can be implicated:

e Abnormal automaticity involves spontaneous car-
diac impulse formation and may arise due to hy-
poxemia and respiratory acidosis accompanying ap-
neic events [52].

e Reentry mechanisms may occur through the vagal
stimulation that results from respiration against a
partially occluded airway.

e Triggered automaticity may occur due to enhanced
sympathetic nervous system activity associated with
a respiratory event—related hypoxemia and arousal
[53].

e Triggered activity precipitants via early after-
depolarizations include hypoxia, acidosis and ven-
tricular hypertrophy.

e Delayed after-depolarizations often occur in re-
sponse to increased catecholamine levels [37].

Indeed, acute and chronic hemodynamic, autonomic,
electrical and structural myocardial changes can all contrib-
ute to cardiac arrhythmias in OSA patients (Fig. 1).
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5. ECG PREDICTORS OF
ARRHYTHMIAS IN OSA PATIENTS

VENTRICULAR

Parameters that can be used to evaluate ventricular repo-
larization are QT interval (QT), corrected QT interval (QTc),
QT dispersion (QTd) and transmural dispersion of repolari-
zation, which can be assessed using the time interval from
the peak to the end of the T wave (TpTe interval). TpTe/QT
and TpTe/QTc ratios are among the other electrocardio-
graphic indices representing ventricular arrhythmogenic po-
tential. It has been extensively reported these parameters are
associated with VA and SCD [23-26, 54-62]. Since increased
heterogeneity in ventricular recovery time and repolarization
time are correlated with VA, these studies provide a mecha-
nistic basis for OSA as a predisposing factor for VA and
SCD [37].

5.1. QT Interval Prolongation

The QT interval represents the electrocardiographic cor-
relate of ventricular de- and repolarization, including the
vulnerable period for reentry tachycardia and it is considered
a marker of ventricular electrical instability and a risk factor
for the occurrence of malignant cardiac arrhythmias and
SCD [63].

Previous explained pathophysiologic mechanisms sug-
gest that apneic episodes in OSA are associated with both
significant QT prolongation due to increased vagal activity
and abrupt QT shortening during post-apnea due to increased
sympathetic tone and/or vagal withdrawal [64].
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Fig. (1). Proposed mechanisms responsible for enhanced arrhythmogenesis in Obstructive Sleep Apnea (OSA) patients. BP: Blood Pressure.
DAD: Delayed After-Depolarizations. EAD: Early After-Depolarizations. HR: Heart Rate. ROS: Reactive Oxygen Species.
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In fact, QTc interval was revealed to show a significant
prolongation during the apnea period in patients with mild to
severe OSA [64-66]. Several mechanisms responsible for
prolongation in action potential duration (thus QTc prolon-
gation) have been proposed. According to Schalatzer et al.,
the QTc interval increased more at the end and even further
after the release of the Mueller maneuver, suggesting en-
hanced sympathetic tone and also intrathoracic pressure
swings and associated acute cardiac volume changes are re-
sponsible for QTc prolongation [67]. Hypoxia, hypercapnia
and acidemia also play a role in QTc prolongation. Hypoxia
has been shown to impact the activity of all of the channels
involved in cardiac action potential generation (Ina, IcaL,
slow component of Ixs) [68]. Low pH depolarizes the voltage
dependence of INa channel activation and inactivation [69].

In what concerns QTc interval behavior during post-
apnea hyperventilation period, conflicting results were pub-
lished: some authors found an abruptly decrease [64], others
demonstrated no differences [70] and others found QTc in-
terval persisted to be prolonged in the post-apnea hyperventi-
lation period [65]. The latter authors proposed increased
sympathetic activation and rapid alterations in the intratho-
racic pressure during this period as mechanisms by which
persistent prolongation of the QTc occurred even in the post-
apnea hyperventilation period [65]. Also in daytime ECG,
Shamazzuman found a significant increase in QTc [66].

5.2. QT Dispersion

QTd is the difference between the maximum and mini-
mum QT intervals on ECG and reflects inhomogeneity in
ventricular repolarization and myocardial electrical instabil-
ity [71]. An increased corrected QT dispersion (QTcd) > 60
ms is a strong and independent risk factor for cardiac mortal-
ity [62].

QTcd was found to be increased in severe OSA patients
without hypertension [72] and contrasting with no-OSA pa-
tients, it increased during sleep (65.0 = 14.6 ms) compared
with before sleep (57.0 = 13.5 ms, p < 0.0001) [73]. How-
ever, on the contrary, Barta el al found that QTd and QTcd
did not increase during the nighttime period [74]. The high
value of AHI in the former studies (42.4£17.6/ h [72] and
51.9 + 18.5/h [73], respectively) can justify this different
result (25.8 £18.5/ h in Barta study [74]). Probably the AHI
and the severity of apnea-hypopnea-related hypoxemia had a
significant effect on the QTcd during sleep in OSA patients
[75, 76]. A correlation between QTcd during sleep and AHI
(r=0.38, P=0.009) and the percentage of time that SaO2 was
inferior to 90% (r=0.34, p=0.018) was demonstrated by Na-
kamura et al. Other factors may contribute to QTcd increas-
ing during sleep: CO, retention/academia [75], change in
parasympathetic nerve activity [77, 78] and fluctuating intra-
thoracic pressure, which induces myocardial wall stress, car-
diac distortion and changes in venous return.

5.3. TpTe interval

The interval between the electrocardiographic T-wave
peak and end (TpTe) has been studied as a measure of car-
diac dispersion and repolarization. The TpTe interval is a
measure of cardiac transmural dispersion of repolarization,
which is explained by a gradient of action potential dura-
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tion from endo- (longest) to epicardial cells (shortest) [79,
80]. A prolongation of the TpTe interval leads to increased
vulnerability for the occurrence of early afterdepolariza-
tions and has been associated with ventricular tachycardia
and an increased risk for SCD [25, 81-83]. Specifically,
recent findings from Panikkath et al. suggest that patients
with an uncorrected TpTe interval >100 ms in the resting
ECG are at increased risk of SCD [25]. Comparisons of
OSA patients versus controls identified increased TpTe in
those with OSA [43, 70, 84, 85]. Camen et al. investigating
the effect of simulated obstructive apnea and hypopnea on
arrhythmic potential on a healthy group of individuals, re-
ported a prolongation in QTc and TpTe intervals, suggest-
ing negative intrathoracic pressure changes as a contribu-
tory mechanism. Schalatzer et al. found the increase in
TpTec was only significant after release of the Mueller
manoeuvre, but not during the manoeuvre, suggesting a key
contribution of enhanced sympathetic tone and intratho-
racic pressure swings [67]. The impact of hypoxia and hy-
percapnia/acidemia on the transmural refractory behavior
needs to be investigated.

In addition to the prolonged QTc and TpTe intervals, an
increased TpTe/QT and TpTe/QTc ratios, a measure of dis-
proportional prolongation of global dispersion relative to the
QT interval, may have an important role in arrhythmogenesis
[86]. These ratios have the advantage of more reliably elimi-
nating the confounding effects of the heart rate variability in
the ECG and the inter-individual variation in the length of
the QT interval [83]. They are prolonged in patients with
moderate and severe OSA patients and correlated with AHI
index [70]. They were found to be increased during the
apnea period compared to pre-apnea period, and decreased
significantly in the post-apnea hyperventilation period [65].
Rossi et al. demonstrated an increase in the TpTe/QT ratio
after CPAP withdrawal, further substantiating a potential risk
for arrhythmias in this situation [87].

5.4. Fragmented QRS

Not only repolarization was found to be impaired in OSA
patients. Fragmented QRS (fQRS) complexes are markers of
depolarization abnormality and reflect disordered electrical
activation of ventricles through the inhomogeneous substrate
and/or localized intramyocardial/ intraventricular conduction
blocks [88, 89]. Abnormal impulse conduction creates a mi-
lieu for VA through reentry mechanisms and fQRS com-
plexes are a predictor of cardiovascular death in patients with
structural heart disease [88, 90]. Recent studies found fQRS
in patients with OSA (independently of obesity), suggestive
of electrical myocardial remodeling [87, 91, 92]. One of the
mechanisms thought to be responsible for fQRS is cellular
apoptosis and interstitial fibrosis in cardiac structure, which
may be secondary to chronic hypoxia, metabolic abnormali-
ties and oxidative stress [87, 91, 92]. Adar et al. found fQRS
is an independent predictor of subclinical LV dysfunction in
patients with OSA, suggesting it could identify OSA patients
who could be at risk for developing overt cardiac dysfunc-
tion. Also, a higher C-reactive Protein (CRP) level in OSA
patients with fragmented QRS may suggest that inflamma-
tion could also play a role in the alterations of the QRS mor-
phology [92].
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6. EVIDENCE-BASED VENRICULAR ARRHYTH-
MIAS IN OSA PATIENTS

6.1. Premature Ventricular Contractions

The frequency of PVCs normally falls during nonrapid
eye movement (NREM) sleep, which comprises approxi-
mately 85% of total sleep time. This decline parallels the
decrease in sympathetic outflow and the increase in vagal
outflow to the heart that accompanies the transition from
wakefulness to NREM sleep [93]. Conversely, the frequency
of PVCs tends to rise just before and after waking, a time
when cardiac sympathetic tone increases [94]. Indeed, it is
expectable that PVCs frequency is higher in patients with
OSA due to sympathovagal imbalance.

PVCs were demonstrated to occur in a characteristic cy-
clic fashion that is synchronous with respiratory oscillations
[29] and there was a significantly greater frequency of PVCs
during apnea than during hyperpnea in OSA patients [36, 95]
(contrary to patients with CSA) [95]. This is probably related
to the generation of negative intrathoracic pressure and hy-
poxia, hypercapnia and recurrent arousals, which induce
repetitive surges in sympathetic neural outflow, HR and BP.
Study of Camen et al. support these mechanisms, since the
authors found simulated obstructive apnea and hypopnea in
healthy individuals are associated with an increase of PVCs
[96].

Abe et al. (2010) found PVCs (Lown IVa, IVb or V)
were more frequent when increasing severity of OSA pa-
tients: 0 in non-OSA; 0.5% in mild OSA; 3.0% in moderate
OSA and 4.2% in severe OSA (p= 0.004) [30]. In sleeping
breathing disorders (SBD) patients (including OSA and
CSA) similar results were found [21, 28]. Mehra ef al. found
a significant relationship between SDB and PVCs/h during
sleep period (p=0.0003), but only in patients with severe
SBD (AHI>30/h) [97]. In another study, AHI was independ-
ently associated with an increased prevalence of PVCs not
only at night [Odds Ratio (OR) per 1-U increase of log-
transformed AHI 1.5, 95% confidence interval (CI) 1.1 to
2.0, p=0.008] but also during the day (OR 1.37, 95% CI 1.0
to 1.8, p=0.035) after adjusting for relevant confounders and
even in middle-aged patients with mainly mild or moderate
OSA [98]. Although the authors did not provide possible
mechanisms responsible for the higher number of PVCs dur-
ing the day [98], the long-term effects in cardiac structure in
OSA patients could be involved in arrhythmogenesis in
daytime.

The prevalence of frequent PVCs in OSA patients de-
pends on the cutoff value used to define it. More than 35
years ago, Guilleminault et al. found 19% of patients with
SBD had frequent PVCs (>2/min) [20]. More recently, other
studies addressed this question. When considering the cutoff
>5 PVCs/h, PVCs were almost two times more prevalent in
subjects with OSA comparing with those with no-OSA dur-
ing night [98, 99] and also during day [98]. When a cutoff of
>30PVCs/h was used, a non-significant higher proportion of
patients with OSA had frequent PVCs comparing with non-
OSA patients [100]. There are other studies which do not
confirm the high frequency of PVCs in OSA patients [21, 85,
99, 101, 102]. Of note, in the majority of these studies [21,
85, 99, 102], the non-OSA/SBD patients had a relatively
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high prevalence of arrhythmias, which can be explained by a
“particular” control group (patients referred for PSG in
whom OSA was not confirmed).

6.2. Complex Ventricular Ectopy

Almenneessier et al. found non-isolated PVCs (bi-,tri-
and quadrigeminism) in 10.8% of patients with OSA com-
paring to 2.3% in patients with no-OSA (p=0.04) [99]. Me-
hra et al. achieved similar results but they studied patients
with SDB: almost twice the odds of complex ventricular ec-
topy [OR 1.74; 95% CI, 1.11-2.74 after adjusting for age,
sex, body mass index, and prevalent coronary heart disease]
[103]. Tilkian et al. found complex PVCs occurred in 10 of
15 patients with OSA [22].

6.3. Non-sustained Ventricular Tachycardia

Non-sustained VT (NSVT) was defined as three or more
consecutive PVCs with duration less than 30 seconds. Only
two studies addressed NSVT in OSA patients. According to
Abe et al., NSVT were not more frequent in OSA patients: 0
in non-OSA; 1.0% in mild OSA; 1.5% in moderate OSA and
1.3% in severe OSA (p= 0.417) [30]. Aydin et al. found no
NSVT in OSA (and non-OSA) patients [100]. In SBD pa-
tients, a few studies found a high prevalence of NSVT [28,
104]. Mehra et al. demonstrated that, compared with those
without SDB and adjusting for age, sex, body mass index,
and prevalent coronary heart disease, individuals with SDB
had three times the odds of NSVT (OR 3.40; 95% CI, 1.03—
11.20) [97].

All NSVT studied by Guilleminault et al. happened dur-
ing an apneic event in SBD patients™’. Monahan ef al. stud-
ied SBD patients and cardiac arrhythmias, including NSVT
and AF in the same analysis, and they found a direct tempo-
ral association between arrhythmia and a preceding respira-
tory event, enhancing a very probably causal inference. Al-
though the absolute arrhythmia rate is low, the relative risk
of NSVT and AF during sleep is markedly increased shortly
after a respiratory disturbance (within a 90-second hazard
period): the odds of an arrhythmia following a respiratory
disturbance were nearly 18-times (OR 17.5; 95% CI 5.3—
58.4) the odds of an arrhythmia occurring following normal
breathing. The absolute rate of arrhythmia associated with
respiratory disturbances was low (1 excess arrhythmia/40000
respiratory disturbances). Only 57 patients with OSA (AHI
5-30/h) and arrhythmias (62 arrhythmias) contributed to
these results [104], but it is the first study supporting a direct
temporal link between OSA events and the development of
arrhythmias.

6.4. Sustained Ventricular Tachycardia

Most studies did not detect sustained VT in patients with
OSA [30, 85, 98, 99]. Javaheri et al. found no correlation
between sustained VT and OSA (percentage of patients with
sustained VT was similar in the control and the OSA groups)
[35].

6.5. Appropriate ICD Therapy

No published studies exclusively on OSA patients were
found, but studies on SDB patients (including a significant
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proportion of OSA patients) demonstrated an association
between Implantable Cardioverter-defibrillator (ICD) shocks
and SBD [31, 32, 105, 106]. In patients with ICD, VA were
significantly more often associated with apneas/hypopneas
than with normal breathing [95, 105]. The risk for VA [32],
anti-tachycardia pacing therapy (ATP) [106] and ICD shocks
[106, 107] was higher in SBD patients due to an increase in
events occurring between midnight and 6 a.m., with no dis-
cernible effect on appropriate ICD therapy during nonsleep-
ing hours. The presence of SBD was an independent predic-
tor for appropriate ICD therapy (hazard ratio 4.05, 95% CI
1.20 to 13.65, p=0.015 [102]) and the severity of OSA corre-
lates with the risk of nocturnal arrhythmias [32]. ICD appro-
priate shocks in patients with HF are independently associ-
ated with AHI as a continuous variable and inversely and
independently associated with minimum oxygen saturation
during the night [31].

Recently, the relationship between OSA and VA burden
has been evaluated by means of a device allowing simulta-
neous nasal pressure recordings, as a surrogate for PSG, and
ECQG, in 214 patients with an ICD or Cardiac Resynchroniza-
tion Therapy (CRT). This study confirmed that the number
of VA was significantly higher in patients with moderate or
severe OSA than in those with mild or non-OSA [105].

6.6. Sudden Cardiac Death

In the general population, the circadian distribution of
cardiovascular events follows the circadian pattern of the
autonomic nervous system: they are suppressed during sleep
in parallel with the nocturnal nadir of sympathetic activity
and vagal predominance [108] and increase in the morning
hours [109].

The first study suggesting an association between OSA
and SCD was carried out by Gami et al. in 2005. They re-
viewed the death certificates of 112 patients who suddenly
died from cardiovascular causes and had previously under-
gone a PSG. They demonstrated that from midnight to 6
a.m., SCD occurred in 46% of people with OSA, as com-
pared with 21% of people without OSA (p=0.01) and 16% of
the general population (p<0.001). The authors concluded that
people with OSA have a peak in SCD from cardiac causes
during sleeping hours (from midnight to 6 a.m.) [110], which
contrasts with the nadir of SCD from cardiac causes in pa-
tients without OSA and in general population. Later on, a
longitudinal study of more than 10.000 patients conducted
by the same author found that OSA predicted SCD (includ-
ing ICD shocks as a surrogate of SCD in some patients) and
the magnitude of the risk was predicted by parameters that
characterize OSA severity: AHI (>20), lowest and mean noc-
turnal oxygen desaturation (<78% and <93%, respectively).
However, in this study SCD was not inevitably due to
VT/VF since it included deaths due to acute myocardial in-
farction (13%) or acute pulmonary embolism (1%) [33].

7. OSA IN “IDIOPHATIC” VENRICULAR ARRHYT-
MIAS PATIENTS

Koshino et al. found that approximately 51% of patients
with idiopathic VA (VT or >300 PVCs/h) had OSA (=5
AHI), which suggests a strong association between OSA and
VA in patients without heart failure. Of interest, in this
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study, there were no differences in ESS score, showing that
patients with OSA had no symptoms of daytime sleepiness
[111].

In HF patients with VA, the prevalence of OSA is par-
ticularly high [112], but an impaired LV function itself may
be a substrate for VA.

8. TREATMENT OF
ARRHYTHMIAS IN OSA PATIENTS

VENTRICULAR

Continuous positive airway pressure (CPAP) is the pri-
mary treatment modality in patients with severe OSA,
whereas oral appliances are also widely used in mild to mod-
erate forms. Other treatment options include weight loss,
avoidance of alcohol and sedatives and surgery [19].
Whether these treatment modalities have a role in VA of
OSA patients is still controversial.

8.1. Continuous Positive Airway Pressure

CPAP is a treatment that delivers positive pressure
through a mask to maintain the opening of the upper airways
during sleep, usually indicated in patients with moderate or
severe OSA. Adherence and compliance to the treatment are
the main problems faced by clinicians, mainly due to mask
application and difficulty dealing with the equipment [113].

CPAP alleviates apnea-related hypoxia and arousals from
sleep and abolishes exaggerated negative intrathoracic pres-
sure swings [114]. The possible mechanisms of action of
CPAP in VA may include improved myocardial oxygen de-
livery, decreased sympathetic activity, LV transmural pres-
sure and afterload [115]. By reducing oxygen demand and
increasing oxygen supply, CPAP could attenuate PVCs ei-
ther by preventing ischaemia in patients with ischaemic heart
disease or by improving ventricular repolarization [116]. A
second potential mechanism is through a reduction in cardiac
sympathetic nerve traffic [117]. This is supported by the
finding of reduced overnight urinary norepinephrine in the
CPAP treated group [118, 119]. Another mechanism may
involve unloading of the ventricles with the elimination of
their transient mechanical distension and a consequent alle-
viation of electrical-mechanical dissociation [120].

Relevant studies that addressed CPAP effects on VA in
OSA patients are presented in Table 1. A few studies were
not included due to the reduced number of patients with
OSA (<10 patients) [34, 35, 121, 122]. Of note, the majority
of studies support a protective effect of CPAP against the
occurrence of VA, but definitive evidence is still lacking. In
studies that did not confirm a reduction in arrhythmia fre-
quency after CPAP, the low number of events (patients with
arrhythmia) is likely the reason for the absence of
significantly favorable results.

Overall, the duration of CPAP application, compliance
with treatment, baseline severity of OSA and cardiac pathol-
ogy are important confounding factors that influence the
effect of CPAP treatment. The small sample sizes that limit
extrapolation, as well as the inconsistencies in methodolo-
gies for the measurement of outcomes and variables of inter-
est, indicate that larger controlled randomized studies will
provide the homogeneity warranted to promote a more useful
synthesis of the current evidence.
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Table 1.  Principal characteristics of studies regarding CPAP effects on ventricular arrhythmias (VA) in obstructive sleep apnea
(OSA) patients.
AHI Before Treat-
Author, Year Study Design Patients ment; Mean (SD) Findings
632 pts, suspected of having OSA. 316
After CPAP treatment, PV less fi t
Abe [30] Observational, had moderate to severe OSA (>20AHI) er € rea me.n . Cs were ?SS -requen
. . . 50.3 (22.3) (p=0.016) but no significant reduction in ven-
2010 prospective and were treated with CPAP during . .
tricular arrhythmias (PVCs or NSVT) were found
average 3.9 weeks
CPAP therapy reduces mean 24-h heart rate
. 83 pts with moderate to severe OSA . . A
. Interventional, possibly due to reduced sympathetic activation,
Craig [129] i (AHI ND). 43 with therapeutic CPAP ; L .
randomized ; ) . 41.2(24.3) but did not result in a significant decrease in
2009 controlled trial and 40 with nf)n-therapeutlc CPAP dysthythmia frequency.
during 1 month
A trend toward a fewer daytime VT events
15 pts with OSA (AHI>5) and PVCs. 8
. . ‘p s with OSA ( ) an . Cs More patients with class II Lown ventricular
Dediu [130] Interventional, with CPAP and pharmacological ther- . . .
trolled 47 with CPAP during 6 N.D. extrasystoles passed in class I Lown in those with
non-controlle -
2015 apy and fwitino Hring CPAP (non-significant).
months.
Observa 30 pts with moderate to severe OSA The QTcd at baseline [54.5 (8.7) ms] signifi-
Dursunoglu . . (AHI>15). 18 compliant** with nasal cantly decreased after CPAP therapy [35.5 (4.2)
tional,prospectiv . K 50.1 (11.6) o o
[131] 2007 R CPAP and 11 non-compliant, during 6 ms, p<0.001] and it did not significantly change
months in 11 non-compliant patients.
After 1 night and aft th of nCPAP
Nak ob tional 48 pts with moderate to severe OSA th e tEIgQTaf; da .er onle mor;o g F1C4)
acamura servationas, (AHI>20) after one night and 1 month 51.9 (18.5) erapy, the QTcd during sleep [50.6 (11.4) ms]
[70] 2004 prospective decreased from that before treatment (p <
of nasal CPAP
0.0001)
. 15 pts with OSA (AHI>5) treated with Treatment with CPAP significantly ameliorated
Peled [132] Observational, . . . . X
" CPAP during 1 night, of whom 9 had 35.1(6.2) the nocturnal ST depression time from 78 min to
1999 prospective nocturnal ischemia 33 min (p <0.001)
QT length related to heart rate significantly im-
Roche [133] Observational- 38 pts with moderate to severe OSA proved with the treatment of the OSAS
rospective (>15) before and after CPAP (and 38 56.9 (28.4) [-0.151(0.051); p<0.01 vs pretreatment status].
2005 prosp pts with no OSA - control group) There was no significant impact of CPAP therapy
on PVCs.
Rossi [87] Interventional, 41 Pts with OSA (Severit¥ N.D) and 36.0 (17.3) (CPAP CPAP withdrawal is associated with the prolon-
randomized prf(:ivmusly CPIQP'IZO ;OntmueddCPAP group) vs. 45.3 gation of the QTc and TpTec intervals
21 i -CPAP duri
2012 controlled trial an received placebo-C Hring (22.3) (control) NS and TpTe/QT ratio
2 weeks
. 29.3 (4.8) (CPAP A 58% significant reduction in the frequency of
R . 18 HF pts with moderate to severe .
yan [116] Interventional, group) vs. 57.9 PVCs during total sleep [from 170 (65) to 70 (28)
domized OSA (AHI>20) and >10PVCs/h. 10 (5.50) (control) er hour, p=0.011] after 1 month of CPAP treat
2005 randomuze treated with CPAP during 1 month P P
(p=0.017) ment.
80 HF pts with newly diagnosed mod- o
Seyis [134] Observational, erate to severe OSAS and 35.85(8.61) (CPAP CPAP treatment significantly reduced the fre-
" group) vs. 32.45 quency of PVCs, T-peak to T-end, QTc, QTcd,
2018 prospective >30PVCs/h. 40 p:’ chepted CPAP and (8.88) (control) NS and T-peak to T-end/corrected QT ratio
40 did not.

*Subtherapeutic CPAP was physically identical to therapeutic CPAP except the pressure was less than 1 cmH,0, and inadequate to splint open the pharynx as previously described.

**Patients were considered to be compliant if they used CPAP an average 3.5 hours per night at the six-month follow-up.

N.D. no data. CPAP: continuous positive airway pressure. nCPAP: nasal CPAP. NS: non-significant. QTcd: QT corrected dispersion. Pts: patients. VT: ventricular tachycardia.

8.2. Anti-arrhythmics

No studies addressed the efficacy of drug therapy in VA
and if a particular class of Antiarrhythmic Drug (AAD) is

more effective than the others in OSA patients. In what con-
cerns AF, patients with severe OSA are less likely to respond
to AAD therapy than those with milder forms of OSA [123]
and possibly the same is true in VA.
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8.3. Catheter Ablation

Koshino et al. demonstrated that VA in patients with
OSA (defined as AHI >10) have a higher rate of recurrence
of VT/PVCs after catheter ablation compared with non-OSA
patients (45% versus 6%, p=0.02) during a mean follow-up
period of 13.5 (7.3) months [111]. However, this study had
some important limitations: the sample size was small
(n=44), patients with AHI 0-9 were considered as having no
OSA and the authors did not explain if OSA patients were
treated with CPAP after OSA diagnosis.

8.4. Other Therapies

The role of oxygen treatment in preventing VA in OSA
patients had been proposed but there are insufficient studies
with a low number of patients [120, 124].

Weight loss is likely to be an effective measure, not only
due to beneficial effects on OSA itself but also on cardiovas-
cular comorbidities, very frequent in these patients. Alcohol
consumption is also not advised since it is associated per si
to cardiac arrhythmias [125, 126].

9. GAPS IN EVIDENCE / LIMITATIONS

Due to the nature of the outcome and the presence of
comorbidities in OSA patients, the observational studies
demonstrating an association between OSA and VA are not
enough to prove a causal relationship.

The definition for OSA and its severity (regarding AHI
cutoffs) were not uniform across all studies, which may be
responsible for some conflicting results.

Given the small number of studies available, studies in-
cluding not only obstructive but also CSA (SDB) were
analysed. Although we only used OSA sub-analysis, in some
cases, it was difficult to definitely separate the outcomes.
OSA is characterized by repetitive collapse of the upper air-
way, whereas the hallmark of CSA is recurrent complete or
partial withdrawal of central respiratory drive. Only a few of
the possible mechanisms responsible for arrhythmogenesis
are shared by these two entities. In CSA, the increased respi-
ratory effort is absent, and only the presence of peripheral
mechanisms such as intermittent hypoxia, increased catecho-
lamines, and frequent arousals are responsible for the in-
creased sympathetic activation [127, 128].

CONCLUSION

OSA is a prevalent condition thought to increase in the
future. Being mostly undiagnosed, the most serious compli-
cations are cardiovascular diseases, among which are ar-
rhythmias. Treatment of OSA has the potential to reduce
arrhythmias and confer a mortality benefit.

The controversies regarding the relationships between
OSA and VA can be explained by selection bias and inho-
mogeneity in OSA definition and disease severity. Also,
OSA is a complex syndrome that involves hypoxemia, endo-
thelial dysfunction, inflammation and sympathetic stimula-
tion and is commonly present in patients with other cardio-
vascular risk factors. In general, the evidence suggests OSA
is associated with VA. From our point of view, the main
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questions are “Is this association significant enough to estab-
lish OSA as a risk factor for SCD due to VA?” and “Is the
available evidence strong enough to come up with new
treatment strategies in patients with VA and OSA?”

We propose that patients with VA should be screened for
OSA due to the lack of symptoms in this population and the
possible high prevalence of OSA in patients with “idio-
pathic” VA. However, not all patients with arrhythmias need
to undergo PSG to establish OSA diagnosis. The authors
suggest considering for evaluation for possible OSA patients
with (1) Nocturnal arrhythmias (2) Arrhythmias refractory to
standard therapy or (3) Other clinical indicators of OSA such
as obesity, disruptive snoring, witnessed apnea or gasping
and hypersomnolence.

In some particular conditions, the authors advocate
CPAP therapy may be considered to prevent VA. For exam-
ple, CPAP may be indicated with respect to an increased
QTc or QTcd or when VA is detected at night, because the
evidence suggests they are independent risks factors for car-
diac mortality and CPAP may reduce them.
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