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a B S t r a c t
Background: Sleep-disordered breathing (SDB) is a risk factor for bradyarrhythmia, which is reversible 
with positive airway pressure therapy. 

Aims: The study aims to evaluate the occurrence and number of severe sinus bradycardia and 
advanced atrioventricular block (AVB) in patients with cardiovascular diseases and SDB risk factors.

Methods: The analysis covered 207 patients with cardiovascular diseases aged 59.4 (standard 
deviation [SD], 10.49) years, including 177 men (85.51%), hospitalized in the Department of Electro-
cardiology and the Day Stay Cardiac Rehabilitation Ward Upper-Silesian Medical Centre in Katowice, 
Poland. The inclusion criterion was a high risk of SDB, in particular obstructive sleep apnea (OSA), in 
one of the following questionnaires: the Four-Variable Screening Tool, the STOP-Bang Questionnaire, 
and the Epworth Sleepiness Scale. Both level-3 portable sleep tests and electrocardiogram Holter 
recordings were made simultaneously.

Results: SDB was confirmed in 175 (84.5%) patients, including severe in 74 (35.7%), moderate in 
42 (20.3%), and mild in 59 (28.5%) participants.  The dominant type of SDB was OSA, which was 
found in 158 (76.3%) participants. The severe SDB was a predictor of third-degree AVB (odds ratio 
[OR], 11.61; 95% confidence interval [CI], 1.37–98.60), second-degree AVB type 2 (Mobitz) (OR, 4.51; 
95% CI, 1.17–18.08), pauses above 3 seconds (OR, 10.26; 95% CI, 2.18–48.40), and sinus bradycardia 
below 40 bpm (OR, 3.00; 95% CI, 1.36–6.60) during sleep.

Conclusions: SDB, with particular emphasis on OSA, is a risk factor for sinus bradycardia and advanced 
AVB during sleep, which may lead to a hasty qualification for pacemaker implantation. The severity 
of SDB determines the frequency and number of bradyarrhythmic episodes.

Key words: conduction disorders, pacemaker implantation, sleep-disordered breathing 

INTRODUCTION
Sleep-disordered breathing (SDB) in the 
forms of obstructive sleep apnea (OSA) and 
central sleep apnea (CSA) increases the risk 
of cardiovascular (CV) complications, such 
as difficult-to-control arterial hypertension, 
heart failure, coronary artery disease, cerebro-
vascular accidents, arrhythmias, and sudden 
cardiac death, as well as sinus bradycardia and 
atrioventricular block (AVB) [1–4]. Nocturnal 

episodes of upper airway obstruction due to 
pharyngeal wall collapse are a cause of OSA, 
with older age, male sex, obesity, and large 
neck circumference being major risk factors 
[5, 6]. CSA, on the other hand, is caused by 
unstable ventilatory control during sleep and 
occurs in a significant percentage of patients 
with congestive heart failure [6, 7]. Apnea- 
-related bradycardia and AVB are associated 
with hypervagotonia [8] and are reversible 
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W H a t ’ S  n e W ?
Sleep-disordered breathing (SDB) is common in patients with cardiovascular diseases and is a risk factor for nocturnal bradyar-
rhythmias. even severe bradycardia and advanced atrioventricular block in patients with sleep apnea syndrome can be vagally 
mediated. in this case, they do not require the implantation of a pacemaker. Published on august 29, 2021, the “2021 eSc 
guidelines on cardiac pacing and cardiac resynchronization therapy” recommend that patients with asymptomatic nocturnal 
sinus bradycardia or atrioventricular block be assessed for the presence of SDB (class i c).

with the implementation of adequate treatment, including 
positive airway pressure (PAP) therapy [9, 10]. Nevertheless, 
a failure to diagnose and treat SDB may increase the risk of 
adverse CV outcomes [11–13] and lead to a hasty decision 
to implant a cardiac pacemaker (PM).

The purpose of this study was to evaluate the preva-
lence of bradycardia and advanced AVB in patients with 
CV diseases and SDB risk factors and to analyze the rela-
tionship of SDB severity with the occurrence and number 
of bradyarrhythmias. 

METHODS
Questionnaires assessing the risk of SDB were conducted 
in a group of 443 consecutive patients with CV diseases 
hospitalized in the Department of Electrocardiology or the 
Day Stay Cardiac Rehabilitation Ward of the Upper-Silesian 
Medical Center in Katowice, Poland. In the further study, we 
included only those patients who were at high risk for SDB 
in terms of at least one of the following scales: the 4-Varia-
ble Screening Tool [14], the STOP-Bang Questionnaire [15], 
the Epworth Sleepiness Scale (ESS) [16], and who agreed 
to take the level-3 portable sleep test (L3PST) and electro-
cardiogram (ECG) Holter recording. The exclusion criteria 
were previously implanted PM and current SDB treatment 
with PAP therapy or intraoral appliances.  

The Institutional Review Board of the Medical Univer-
sity of Silesia in Katowice, Poland, approved the study (no. 
KW/0022/KBI/77/18 and no. PCN/0022/KBI/77/I/18/20), and 
all patients signed informed consent.

Each eligible patient underwent L3PST using an Alice 
NightOne (Philips Respironics, Bothell, WA, USA) device 
[17]. The analysis was performed according to the recom-
mendations of the American Academy of Sleep Medicine 
(AASM) [18], evaluating the following parameters: (1) the 
number of episodes of obstructive, central, and mixed sleep 
apnea, defined as the complete cessation of the airway 
flow for ≥10 seconds with or without preserved respiratory 
effort; (2) the number of hypopnea episodes, defined as 
the reduction in the airway flow by ≥90%, with a duration 
of ≥10 seconds, followed by a decrease in the hemoglobin 
oxygen saturation of ≥4%; (3) the number of apneas and 
hypopneas per hour of total recording time (respiratory 
event index [REI]) [events/hour]; (4) the mean duration of 
respiratory events (seconds); (5) the minimum and mean 
arterial oxygen saturation estimated by pulse oximetry 

(SpO2) during sleep [%]; and (6) the total sleep time with 
oxygen saturation under 90% (TST90) [%].  

ECG Holter recordings were performed between 10 p.m. 
and 6 a.m. The occurrence and number of the following 
events were analyzed: (1) episodes of third- or second-de-
gree type 2 (Mobitz) AVB; (2) pauses longer than 3 seconds; 
and (3) sinus bradycardia episodes, defined as the heart 
rate slowing below 40 bpm. The study was conducted in 
accordance with the 2017 International Society for Holter 
and Non-Invasive Electrocardiology and the Heart Rhythm 
Society expert consensus statement on ambulatory ECG 
and external cardiac monitoring/telemetry [19].

Statistical analysis
The obtained results were analyzed using MedCalc 
20.008 software (MedCalc Software Ltd, Ostend, Belgium). 
Quantitative parameters were characterized using the 
arithmetic mean and SD or median, interquartile range 
(IQR) and sample range, depending on the normality of 
the distribution assessed by the Kolmogorov-Smirnov test. 
The analysis of quantitative variables was conducted by 
assessing the significance of differences for two or more 
independent samples using: (1) the one-way analysis of 
variance with post hoc comparisons used the Tukey-Kramer 
test or (2) the Kruskal Wallis H-test with Conover post hoc 
analysis, according to the result of Levene’s test for equality 
of variances. Qualitative data were expressed by incidence 
as percentages and compared using the Chi2 test or Fisher’s 
exact test if the number of expected frequencies in the sub-
groups was less than five. The logistic regression analysis 
was used to estimate the odds ratio (OR) of the incidence of 
bradycardia, AVB, or pauses in the SDB groups. The optimal 
cut-off value for REI, minimum SpO2, and TST90 for predict-
ing the combined incidence of bradycardia and advanced 
AVB during sleep were determined by receiver-operating 
characteristic (ROC) curve analysis. P <0.05 was used as 
the limit of the significance level in the tests conducted.  

RESULTS
Based on the questionnaires, a high risk of SDB was found 
in 282 out of 443 respondents (63.7%). Diagnostic L3PST 
and ECG Holter recordings were performed in 207 par-
ticipants at high risk for SDB, including 177 (85.5%) men 
and 30 (14.5%) women — these patients constituted 
the study group. The mean (SD) age of the participants 
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was 59.38 (10.37) years, the mean body mass index (BMI) 
32.49 (7.25) kg/m2, and the neck circumference 44.05 (3.81) 
cm. The parameters used to assess SDB risk, CV comorbidi-
ties, and their occurrence and number in the survey group 
are given in Table 1.

Based on L3PST, SDB was confirmed in 175 (84.5%) out 
of 207 subjects. The OSA found in 158 (76.3%) participants 
was the predominant type of SDB. Central apnea episodes 
predominated in 10 (4.8%) cases, whereas mixed apnea 
episodes predominated in seven (3.4%) cases. Mild SDB 
(REI, 5–14 events/hour) was found in 59 (28.5%), moderate 
SDB (REI, 15–30 events/hour) in 42 (20.3%), and severe SDB 
(REI, >30 events/hour) in 74 (35.7%) patients.  SDB was not 

confirmed in 32 (15.5%) cases despite the high risk. The 
recorded L3PST parameters are shown in Table 2.

Sinus bradycardia and advanced AVB were recorded 
in 42 (20.1%) subjects, including 39 (18.4%) patients 
with SDB and only three patients without SDB (1.4%); 
P = 0.07. Sinus bradycardia <40 bpm was confirmed in 
29 (18.6%), type  2 (Mobitz) second-degree AVB in nine 
(5.8%), third-degree AVB in seven (4.5%), and pauses 
>3 seconds in 12 (7.7%) patients.  In 15 (8.6%) cases, two 
or three types of the foregoing disorders occurred jointly 
in the same patients. The incidence of bradyarrhythmias 
was not dependent on the type (obstructive vs. central 
vs. mixed) of respiratory events recorded. Pauses >3 sec-

Table 1. Risk factors and the prevalence of cardiovascular diseases in patients with high vs. low to moderate risk of sleep-disordered bre-
athing based on the Four-Variable Screening Tool, the STOP-Bang Questionnaire, and the Epworth Sleepiness Scale

Parameters of SDB integrated risk assessment by the use of 
scales

Number of patients and frequency P-valuea

Group with a high risk of SDB Group with a low  
to moderate risk of SDB

Groups size, n (%) 282 (63.7) 161 (36.3)

Male sex, n (%) 239 (72.6) 90 (27.4) <0.001

Loud and frequent snoring, n (%) 188 (84.3) 35 (15.7) <0.001

Observed stop breathing or choking/gasping during sleep, n (%) 124 (96.1) 5 (3.9) <0.001

Excessive daytime sleepiness  (>10 points in ESS), n (%) 54 (94.7) 3 (5.3) <0.001

Diagnosed hypertension, n (%) 236 (66.3) 120 (33.7) 0.006

Age older than 50 years, n (%) 240 (64.0) 135 (36.0) 0.72

Neck circumference ≥43 cm (males), n (%) 156 (85.2) 27 (14.8) <0.001

Neck circumference ≥41 cm (females), n (%) 27 (87.1) 4 (12.9) <0.001

BMI >30 kg/m², n (%) 147 (79.0) 39 (21.0) <0.001

BMI >35 kg/m², n (%) 67 (91.8) 6 (8.2) <0.001

Cardiovascular diseases, n (%)

Coronary artery disease, n (%) 225 (61.8) 139 (38.2) <0.001

History of myocardial infarction, n (%) 196 (61.1) 125 (38.9) <0.001

Difficult-to-control blood pressure, n (%) 102 (80.3) 25 (19.7) <0.001

Atrial fibrillation, n (%) 38 (67.9) 18 (32.1) 0.65

History of ischemic stroke, n (%) 7 (58.3) 5 (41.7) 0.62

HFmrEF, n (%) 54 (64.3) 30 (35.7) 0.86

HFrEF, n (%) 20 (52.6) 18 (47.4) 0.35

aP-value for differences between groups

Abbreviations: BMI, body mass index, difficult-to-control blood pressure — systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg on antihyperten-
sive treatment; ESS, Epworth Sleepiness Scale; HfmrEF, heart failure with mid-range ejection fraction; HfrEF, heart failure with reduced ejection fraction; OSA, obstructive sleep 
apnea; SDB, sleep-disordered breathing 

Table 2. Distribution of sleep-disordered breathing and heart rate parameters in the study group

Test variable SDB severity P-valuea

None (A) Mild (B) Moderate (C) Severe (D)

Group size, n (%) 32 (15.5) 59 (28.5) 42 (20.3) 74 (35.7)

REI 2.67 (1.64) 9.66 (2.75) 20.81 (4.86) 53.67 (16.79) < 0.001

Mean SpO2, % 92.78 (2.54)  
A≠D

92.59 (1.70)  
B≠D

92.24 (2.17)  
C≠D

90.01 (3.74) < 0.001

Minimal SpO2, % 84.26 (8.34)  
A≠D

83.56 (5.61)  
B≠D

81.81 (6.71)  
C≠D

74.31 (10.24) < 0.001

TST90, % 14.14 (24.95)  
A≠D

10.19 (17.31)  
B≠D

14.98 (21.91)  
C≠D

29.43 (25.32) < 0.001

Mean duration of respiratory events, sec 23.22 (8.31) 23.58 (6.30) 22.60 (5.17) 25.28 (8.26) 0.31

Mean HR 59.51 (9.03) 59.52 (7.41) 59.33 (9.10) 61.29 11.34) 0.63

Minimal HR 47.19 (8.61) 48.23 (6.14) 45.59 (9.31) 43.53 (8.32) 0.009

All data are given as mean (standard deviation [SD])
aP-value for differences between groups

Abbreviations: HR, heart rate estimated by pulse oximetry; REI, respiratory event index; SDB, sleep-disordered breathing; SpO2, arterial oxygen saturation estimated by pulse 
oximetry; TST90, total sleep time with oxygen saturation under 90%
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onds were found more often in the group of patients 
with episodes of atrial fibrillation (AF) during sleep com-
pared to the rest of the studied population (n = 4, 33.3% 
vs. n = 8, 4.6%; P < 0.001). In patients with severe SDB, the 
occurrence and the number of bradyarrhythmias were 
significantly higher than in patients without SDB or with 
mild SDB (Tables 3 and 4). 

The OR for the occurrence of the foregoing disorders in 
a patient with severe SDB was 3.00 (95% CI, 1.360–6.598) for 
sinus bradycardia <40 bpm, 11.61 (95% CI, 1.366–98.599) 
for third-degree AVB, 4.51 (95% CI, 1.126–18.075) for 

second-degree AVB type 2 (Mobitz), and 10.26 (95% 
CI, 2.176–48.397) for pauses >3 seconds, respectively 
 (Table 5).  The percentage of conduction disturbances in 
the group with moderate SDB was also high, so the cut-off 
point for REI in predicting sinus bradycardia <40 bpm or 
advanced AVB turned out to be >22 events/h (sensitivity, 
78.57%; specificity, 65.97%) (Figure 1A). The relationship 
between minimal SpO2 (cut-off point, ≤75%; sensitivity, 
54.76%; specificity, 86.52%), TST90 (cut-off point, >5.42%; 
sensitivity, 80.95%; specificity, 52.82%), and the incidence 
of the foregoing disorders was also visible (Figure 1B–C).

Table 3. The ratio of patients with sinus bradycardia and nocturnal advanced atrioventricular block according to the severity of sleep-disor-
dered breathing  

Type of rhythm  
or conduction disturbances

SDB severity P-valuea

None (A) Mild (B) Moderate (C) Severe (D)

Groups size, n (%) 32 (15.5) 59 (28.5) 42 (20.3) 74 (35.7)

Sinus bradycardia <40 bpm, n (%) 2 (6.7) 3 (6.0)  
B≠D

8 (20.5) 18 (26.9) 0.009

2nd-degree AVB type 2 (Mobitz), n (%) 1 (3.3) 0 (0.0) 2 (5.1) 7 (10.4) 0.09

3rd-degree AVB, n (%) 0 (0.0) 0 (0.0) 1  (2.6) 6 (9.0) 0.04

Pauses >3 sec, n (%) 0 (0.0)  
A≠D

0 (0.0)  
B≠D

2 (5.1) 10 (14.9) 0.004

At least one
of the above, n (%)

3 (10.0)  
A≠D

3 (6.0)  
B≠D

10 (25.6) 26 (38.8) <0.001

aP-value for differences between groups  ≠ –P< 0.05

Abbreviations: AVB, atrioventricular block; SDB, sleep-disordered breathing

Table 4. The number of episodes of sinus bradycardia and nocturnal advanced atrioventricular block according to the severity of sleep-disor-
dered breathing

Type of rhythm 
or conduction disturbances

SDB severity
P-valuea

None (A) Mild (B) Moderate (C) Severe (D)

Groups size, n (%) 32 (15.5) 59 (28.5) 42 (20.3) 74 (35.7)

Sinus bradycardia <40 bpm 0 (0.0–0.0)
range 0–23

A≠D

0 (0.0–0.0)
range 0–384

B≠D

0 (0.0–0.0)
range 0–920

0 (0.0–0.0)
range 0–1033

0.01

2nd-degree AVB type 2 (Mobitz) 0 (0.0–0.0)
range 0–2

0 (0.0–0.0)
range 0–2

0 (0.0–0.0)
range 0–1135

0 (0.0–0.0)
range 0–2133

0.15

3rd-degree AVB 0 (0.0–0.0)
range 0–0

A≠D

0 (0.0–0.0)
range 0–0

B≠D

0 (0.0–0.0)
range 0–27

0 (0.0–0.0)
range 0–14

0.04

Pauses >3 seconds
0 (0.0–0.0)
range 0–0

A≠D

0 (0.0–0.0)
range 0–0

B≠D

0 (0.0–0.0)
range 0–400

0 (0.0–0.75)
range 0–100 0.008

aP-value for differences between groups, ≠ -P <0.05, all data are given as median, interquartile range (in parenthesis), and sample range

Abbreviations: see Table 3

Table 5. The relative odds of the incidence of sinus bradycardia below 40 bpm, advanced atrioventricular block, and pauses above 3 seconds 
in patients with severe sleep-disordered breathing

Dependent variable Independent variable:
severe sleep-disordered breathing

Odds ratio (95% CI) P-valuea

Sinus bradycardia <40 bpm 3.00 (1.36–6.56) 0.007

Second-degree AVB type 2 (Mobitz) 4.51 (1.13–18.08) 0.03

Third-degree AVB 11.61 (1.37–98.60) 0.03

Pauses >3 seconds 10.26 (2.18–48.40) 0.003

aP-value for differences between groups

Abbreviations: CI, confidence interval; other — see Table 3
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DISCUSSION
The presented study confirmed the high percentage of 
SDB, especially OSA, in the Polish population with CV 
diseases. The high prevalence of moderate to severe SDB 
has already been described in cardiac patients, estimating 
it at 30% to 80%, depending on the type of CV disease 
[7, 20–22]. This percentage is higher than in the general 
population in Poland, where it is reported to be 8.5% for 
women and 19.8% for men [23], and in the United States, 
9% for women and 17% for men [6].   

Common CV and SDB risk factors such as older age, 
male sex, obesity, and metabolic syndrome are responsible 
for such a high rate of SDB, predominately OSA, in patients 
with CV diseases [6, 10, 20, 24]. Similarly, in the surveyed 
group, most patients at high risk of SDB were men aged 
>50 years, with a BMI >30 kg/m2 or higher. A high risk of 
SDB was significantly more likely to coexist with coro-
nary artery disease, history of myocardial infarction, and 
difficult-to-control blood pressure, that warrants greater 
attention to this group of CV diseases. 

Obesity and hypertension, a large neck circumference, 
and a history of loud/frequent snoring or pauses in breath-
ing observed by household members are the basis of SDB 
risk assessment using prediction algorithms [14, 15]. The 
questionnaires used in our study, especially the STOP-Bang 
Questionnaire, allowed us to confirm SDB in 84.5% of those 
with a positive test, which is close to the positive predic-
tive value for this test reported by Pivetta et al. [15]. At the 
same time, severe bradyarrhythmias were confirmed in as 
many as 20.1% of patients at high risk of SDB. However, 
a relatively small percentage (12.9%) of the surveyed CV 
patients reported increased daytime sleepiness. The diag-
nostic problem resulting from the low sensitivity of the 
ESS in patients with bradycardia and implanted PM was 
previously described by Garrigue et al. [25], who reported 
that a score >10 on the ESS scale was achieved by as little 
as 22.8% of those with the apnea-hypopnea index (AHI) 
>10 events/h. In addition, Velasco et al. [26] did not confirm 

the usefulness of the Berlin questionnaire in predicting noc-
turnal bradycardia. In this respect, the evaluation of other 
questionnaires may be useful in the bedside diagnosis of 
SDB-related bradyarrhythmias. 

In the presented group, REI (>22 events/h) and desat-
uration (≤75%) were found to be predictors of nocturnal 
bradyarrhythmias. Patients with severe SDB appeared to 
be particularly at risk, which translated into a 3-fold-higher 
sinus bradycardia risk, an 11-fold-higher risk of third- 
-degree AVB, a 5-fold-higher risk of second-degree AVB type 
2 (Mobitz), and a 10-fold-higher risk of pauses >3 seconds 
in these patients. These findings are consistent with pub-
lications by other authors [2, 10, 27, 28]. Sinus bradycardia 
was found in approximately 1.5%–20.0% and advanced 
AVB in 8–20% of SDB patients [2, 9, 10, 28], compared to 
1% in the healthy elderly population [29]. The incidence 
of bradycardia, pauses, and advanced AVB increases with 
higher AHI [10, 28, 30] and lower SpO2 during apnea ep-
isodes [2, 27, 28, 30]. The incidence of bradyarrhythmias 
is also dependent on the sleep phase and found more 
frequently in the sleep phase with rapid eye movement 
as a result of longer duration of respiratory episodes and 
deeper desaturations [27, 28].  

In the study group, as many as 67.9% of patients at high 
risk of SDB were diagnosed with AF, and pauses >3 seconds 
were found significantly more often in patients with epi-
sodes of AF recorded during sleep. The coexistence of sinus 
bradycardia during sleep and paroxysmal AF (tachycar-
dia-bradycardia syndrome, T-B syndrome) occurred in nine 
patients (4.3%). It is worth noting that SDB is a significant 
and reversible risk factor of new-onset AF, T-B syndrome, 
and AF recurrence despite adequate pharmacological treat-
ment or with the use of ablation techniques [2, 20, 31–33]. 

In the European Multicenter Polysomnographic Study 
by Garrigue et al. [25] conducted in patients with PM 
implantation, as many as 58% of patients with sinus node 
dysfunction and 68% with AVB had previously undiagnosed 
SDB. Among the study participants, 21.4% had severe SDB 
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Figure 1. The cut-off point for A. respiratory event index; B. minimal arterial oxygen saturation; C. total sleep time with oxygen saturation 
under 90% in predicting sinus bradycardia <40 bpm or advanced atrioventricular block during sleep

Abbreviations: REI, respiratory event index; SpO2, arterial oxygen saturation estimated by pulse oximetry; TST90, total sleep time with oxygen 
saturation under 90%, cut points are marked°
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with an AHI >30 events/h. In turn, Marti-Almor et al. [33], 
in a REgistry of Sleep APnea monItoring and Atrial Fibrilla-
tion in pacemakeR patients (RESPIRE study), found severe 
OSA, defined as a respiratory disturbance index of  ≥20, in 
31.1% of patients with PM capable of detecting SDB. The 
high sensitivity and specificity of PM with transthoracic 
impedance sensor in the diagnosis of severe SDB were 
confirmed by Defaye et al. [34] and may improve the initial 
diagnosis of OSA in the group of patients with permanent 
cardiac pacing.  

The problem of an SDB-induced bradyarrhythmia 
incidence is strongly emphasized by the 2018 US [35] and 
the 2021 European [36] guidelines. Among patients with 
sinus bradycardia or AVB during sleep, it is recommended 
that the risk of SDB should be assessed and that polysom-
nography be performed if indicated (class I). According to 
the US guidelines, the diagnostics for SDB should also be 
considered in patients with a previously implanted PM who 
are at risk (class IIa). 

At the same time, both guidelines [35, 36] pay attention 
to the high efficacy of PAP therapy, not only in reducing 
the incidence of respiratory events [37] but also in reducing 
CV risk [11–13]. The resolution of up to 80%–90% of brad-
yarrhythmias within three to six months after initiation of 
OSA treatment with continuous PAP therapy was confirmed 
by other authors [9, 10]. Additionally, an improvement in 
rhythm control with a 42% reduction in AF recurrence 
in patients treated with PAP has been documented [32], 
which reduces the need for multi-drug therapy and the 
risk of T-B syndrome. Thus, in patients with OSA-related 
bradycardia, it is recommended to implement PAP therapy 
with concomitant weight loss (class I in the United States) 
to avoid unnecessary PM implantation. In our presenta-
tion of 42 patients with bradyarrhythmias, seven (16.7%) 
had strong AASM recommendations to PAP therapy for 
OSA with REI ≥5 events/hour accompanied by increased 
daytime sleepiness, and an additional 25 (59.5%) had con-
ditional recommendations to PAP therapy for OSA with REI 
≥15 events/hour, regardless of symptoms [37]. However, 
when implementing such treatment for cardiac conduction 
diseases, it is worth remembering that adherence to PAP 
therapy is dependent on many factors and may be insuffi-
cient, especially among mildly symptomatic patients [38]. 
When SDB is treated unsystematically, bradycardia and 
drops in SpO2 associated with respiratory events can form 
a dangerous duo and promote the incidence of ventricular 
arrhythmias [2, 3, 31].

Limitations of the study
Patient selection for the study was based on question-
naires assessing mainly OSA risk, and the study was con-
ducted using the L3PST dedicated to the assessment of 
this SDB type. Thus, the group of patients with CSA was 
not adequately represented, and the results could not 
be extrapolated to patients with this type of SDB. Never-
theless, the percentage of patients with congestive heart 

failure for whom CSA was characteristic in the high-risk 
SDB group was only 7.1%. Unfortunately, because of the 
small female subgroup, caused by both the rarer incidence 
of SDB in females and the specificity of the surveys used, 
the data for males and females were analyzed together. 
Due to the relatively small number of cases of bradyar-
rhythmias in the groups, the confidence intervals for the 
OR of nocturnal bradyarrhythmias in patients with severe 
SDB were wide, despite sufficient test reliability. Another 
limitation of the study was the lack of follow-up with 
patients with diagnosed OSA-related bradyarrhythmias 
suitable for PAP therapy.  

CONCLUSIONS
The SDB, specifically OSA, is common in the population 
with CV diseases. It constitutes a risk factor for vagally-me-
diated nocturnal sinus bradycardia, advanced AVB, and 
pauses longer than 3 seconds. The severity of SDB deter-
mines the prevalence and number of these disorders. Due 
to the reversible nature of SDB-related bradyarrhythmias, 
each patient should be evaluated for SDB risk before de-
ciding to implant a PM and, if warranted, should undergo 
polysomnography or at least L3PST and PAP therapy.  
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