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Positive pressure therapy 
in patients with cardiac 

arrhythmias and obstructive 
sleep apnea

Terapia cu presiune pozitivă la pacienții cu aritmii 
cardiace și Sindrom de Apnee în Somn de tip Obstructiv
Introducere. Terapia cu CPAP la pacienții cu aritmii 
cardiace și  Sindrom de Apnee în Somn de tip obstructiv  
(SASO) poate avea efecte favorabile prin corectarea 
hipoxemiei intermitente și activării simpatice.
Obiectivul lucrării. Evaluarea efectului terapiei 
cu presiune pozitivă (CPAP) asociată terapiei 
farmacologice în controlul frecvenței și prevenția 
recurenței aritmiilor la pacienții cu SASO.
Material și metodă.  Studiu prospectiv, interventional, în 
care au fost incluși pacienți diagnosticați cu SASO (poligrafie 
cardio-respiratorie, IAH>5/ora) și aritmii (EKG repaus, 
Holter EKG) structurați în două grupuri: grupul A (terapie 
farmacologică) și grupul B (terapie farmacologică asociată 
CPAP). Pacienții din cele două grupuri au fost evaluați la 
includerea în studiu (T0), la 3 și 6 luni (T3 și T6) privitor la 
tipul, severitatea si recurența tulburărilor de ritm cardiac.
Rezultate. Au fost studiați 36 pacienți (31 bărbați), 
vârsta medie 63,2±12 ani. În grupul A: 7 pacienți cu 
extrasistolie ventriculară (EV), 8 cu fibrilație atrială 
permanentă (FiA), unul cu flutter atrial, doi cu tahicardie 
paroxistică supraventriculară (TPSV). In grupul B: 8 cu 
EV, 5 cu FiA, 2 cu istoric de fibrilație atrială recurentă, 
3 cu TPSV. Indexul de Desaturare s-a corelat pozitiv cu 
Indexul de Apnei Hipopnei (r: 0.74, p <0.001).  La T6 au 
fost evaluați 12 pacienți din grupul B și 18 din grupul 
A. În grupul B, frecvența cardiacă medie la pacienții cu 
FiA a fost de 69 /min., mai mică  decât în grupul A (82/
min.), nu s-a constatat recurența FiA și semnificativ mai 
multi pacienți cu EV au trecut din clasa II în clasa I Lown 
comparativ cu grupul A. În grupul B, frecvența cardiacă 
s-a corelat semnificativ statistic cu IAH (r: 0.53, p <0.005).
Concluzii. La pacienții cu SASO, terapia cu CPAP asociată 
terapiei farmacologice are efecte favorabile asupra prevenirii 
recurențelor, controlului frecvenței cardiace la pacienții 
cu FiA și scăderea severității extrasistoliei ventriculare.
Cuvinte-cheie: aritmii cardiace, sindrom de 
apnee în somn de tip obstructiv, CPAP

Abstract Rezumat

Background. Positive pressure therapy (CPAP) in 
patients with cardiac arrhythmias and obstructive sleep 
apnea (OSAS) may have favorable effects by correcting  
intermittent hypoxemia and sympathetic activation.
Objective. To assess the effect of CPAP added to 
pharmacological treatment in the rate control and 
prevention of arrhythmias recurrence in patients with OSA.
Materials and methods. Prospective, interventional 
study study which included patients diagnosed 
with OSAS (cardiorespiratory polygraphy, AHI>5/
hour), and arrhythmias (ECG, Holter ECG), divided 
in two groups: group A (pharmacological therapy 
only) and group B (pharmacological therapy and 
CPAP). The patients were evaluated at enrollment 
(T0), at 3 and 6 months (T3 and T6) regarding the type, 
severity and recurrence of cardiac arrhythmias.
Results. 36 patients (31 men), mean age: 63.2 ± 12 years were 
enroled. In group A: 7 patients with ventricular extrasystoles, 8 
with permanent atrial fibrillation, 1 patient with atrial flutter 
and 2 patients with paroxystic supraventricular tachycardia. 
In group B: 8 patients with ventricular extrasystoles, 5 with 
permanent atrial fibrillation, 2 patients with recurrent 
episodes of atrial fibrillation and 3 with paroxystic 
supraventricular tachycardia. A positive correlation (r: 0.74, 
p <0.001) between Oxygen Desaturation Index and AHI was 
found. At T6, 12 patients from group B, and 18 from group A 
were evaluated. In group B, the mean heart rate in patients 
with atrial fibrillation was 69/min., lower than in group A (82/
min.), no cases with recurrent atrial fibrillation were found, 
and more patients with class II Lown ventricular extrasystoles 
passed in class I Lown, compared to group A. In group B, 
heart rate statistically correlated with AHI (r: 0.53, p <0.005).
Conclusion. In patients with OSAS, adding CPAP to 
pharmacological therapy has favorable effects on 
preventing recurrences, heart rate control in patients 
with atrial fibrillation and in reducing frequency 
and/or severity of ventricular extrasystoles.
Keywords: cardiac arrhythmias, obstructive 
sleep apnea, CPAP therapy

Introduction
Obstructive sleep apnea syndrome (OSAS), an increas‑

ingly diagnosed condition, is accompanied by multiple car‑
diovascular consequences, one of them being cardiac 
arrhythmias (especially nocturnal).

OSAS is defined by recurrent episodes of decrease / 
absence of oro-nasal airflow, in the presence of thoraco-
abdominal movements and snoring during sleep.

Older studies showed a prevalence of OSAS in active 
adult population (30-60 years) of 4% in men and 2% in 
women, if an Apnea Hypopnea Index (AHI: number of apnea 

and hypopnea per hour of sleep) greater than 10 per hour 
and daytime sleepiness is used to define the presence of the 
OSAS. Currently, symptomatic OSAS prevalence is esti‑
mated at 3-7% in men and 2-5% in women1, varying by race 
and ethnicity, being higher in African Americans younger 
than 35 years compared to Caucasians of the same age2,3.

Obesity is the main risk factor in OSAS; in patients 
with morbid obesity (BMI>40 kg/m2) OSAS prevalence 
exceeds 90%.

The recurrence of apneas and hypopneas lead to intermit‑
tent hypoxemia and increased sympathetic activity. 
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Intermittent hypoxemia, the response to hypoxic stimulus 
and the increased level of catecholamines are etiopathogenic 
factors for cardiovascular disease. Repetitive oxidative stress 
is responsible for systemic inflammation and for cardiac 
remodeling, which is one of the causes of atrial fibrillation 
in this population4. Severe hypoxemia is an etiologic factor 
for ventricular arrhythmias and sudden death.

The most common arrhythmias in patients with OSAS 
are bradycardia and asystole during sleep (lasting less than 
10 seconds)5 and were found in 18% of patients with severe 
OSAS6. The first association between OSAS and atrial fibril‑
lation was made in 1983 in an observational study includ‑
ing 400 patients with moderate / severe OSAS that were 
monitored by ECG7. It was observed that 3% of patients 
developed paroxysmal nocturnal arrhythmias. The preva‑
lence of OSAS in patients with atrial fibrillation is around 
30-80%8,9.  The literature showed that OSAS is a risk factor 
for recurrent atrial fibrillation after ablation or cardiover‑
sion. In a meta-analysis that included six observational 
studies, the diagnosis of OSAS increased the risk of recur‑
rent atrial fibrillation after ablation by 25%10. Another 
observational study that included 130 patients with atrial 
fibrillation and electric conversion showed that the rate of 
recurrence of atrial fibrillation in patients with untreated 
OSAS was 82%, in patients with treated OSAS was 42% and 
53% in those without OSAS 11. Also, OSAS is more common 
in patients with atrial fibrillation than in those who associ‑
ate other cardiovascular conditions12.

Continuous Positive Air Pressure (CPAP) represents the 
golden standard therapy for patients with severe / moderate 
OSAS and its role is to maintain the upper airway open 
during inspiration, acting basically as a pneumatic splint13. 
Stopping the pathophysiological chain induced by the suc‑
cession of apneas and hypopneas makes the addition of 
CPAP to the pharmacological therapy in patients with OSAS 
and cardiac arrhythmias logical. 

Study objective
The objective of the study was to assess the effect of 

CPAP added to pharmacological treatment on the rate 
control and prevention of arrhythmias recurrence in 
patients with OSA.

Materials and methods
Prospective, interventional, in-progress study started 

in June 2013, which included 36 patients, with a mean age 
of 63.2 ± 12 years, diagnosed with OSAS  by 6 channels 
cardiorespiratory polygraphy (Stardust II Philips-
Respironics®): nasal air flow (pressure cannula), thoraco-
abdominal movements, continuous pulse oximetry, body 
position, snoring, and cardiac arrhythmias evidenced by 
ECG and Holter ECG (CardioSpy EC-2H®). Patients were 
included into two groups: 18 patients in group A, which 
received antiarrhythmic drug therapy and 18 patients in 
group B, with pharmacological therapy associated to CPAP 
(CPAP use at least 5 hours per night).

The inclusion criteria in the study were:
■■ high pre‑test suspicion of OSAS (apneas reported by 

entourage, snoring, daytime sleepiness, obesity)

■■ cardiac arrhythmias: permanent atrial fibrillation, 
documented history of paroxysmal atrial fibrillation, 
ventricular extrasystoles (VES), other arrhythmias: 
paroxysmal supraventricular tachycardia (PSVT), atrial 
flutter.
The exclusion criteria: patients who did not sign the 

informed consent, patients with craniofacial malforma‑
tions, patients with neuropsychiatric or thyroid disorders,  
hemodynamically unstable patients, alcoholics and drug 
users.

The study design included three visits:
1. T0, inclusion of patients in the study. During the visit 

were peformed: anamnesis (including history of smoking), 
clinical examination (anthropometric indices: height, 
weight, Body Mass Index (BMI), neck circumference, 
waist to hip ratio), cardiorespiratory polygraphy, ECG, 
Holter ECG, oxyhaemoglobin saturation (SaO2), arterial 
blood gases (ambient air, at rest), serum lipid profile. 

2. T3, 3 months after inclusion in the study, when we 
downloaded CPAP device memory card (average residual 
AHI, effective mean pressure, number of hours of use, non-
intentional air leaks). Holter ECG was also performed.

3. T6, 6 months from the start. The protocol from T0 
was reapplied and CPAP efficacy assessed.

Definitions
AHI: number of apneas and hypopneas per hour of 

recording.
Hypopnea was scored as follows: oxyhemoglobin 

diminution in air flow amplitude by 50% and 3% desatu‑
ration. Apnea (total absence of airflow) and hypopnea 
last for at least 10 seconds.

Oxygen Desaturation Index (ODI): number of signifi‑
cant oxyhemoglobin desaturations (from baseline), per 
hour of recording. The cut-off for significant desatura‑
tion was set at 3%. 

OSAS severity (AHI)
■■ Mild OSAS: 5-15 /hour
■■ Moderate OSAS: 15-30 /hour
■■ Severe OSAS: >30 /hour

Permanent atrial fibrillation (AF) is an atrial fibril‑
lation lasting a year or more.

Paroxysmal supraventricular tachycardia (PSVT) 
includes any tachyarrhythmia that requires the atrium 
and/or the atrioventricular node for initiating and 
maintaining it.

Lown classification for ventricular extrasystoles. 
(Table 1).

Statistical analysis 
Data processing was done using Microsoft Excel 2010 

and the Statistical Analysis System (SAS) 9.1. The 
results were expressed as mean ± standard deviation or 
as an absolute number (percentage). Variables were nor‑
mally distributed, using Pearson correlation index. 

T-test was used to analyse the parameters resulting 
from the estimation of the linear regression model; the 
statistical model was validated using the coefficient of 
determination (R square).
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Results and discussion
The characteristics of the 36 patients at enrollment 

regarding: age, gender, smoking history, Body Mass Index 
(BMI), AHI, oxygen desaturation index (ODI), lowest oxy‑
hemoglobin saturation (SaO2) and cardiac arrhythmias 
are presented in Table 2.

A predominance of males (86%) and obese patients 
(93%) (Figure 1) may be noted. This is similar to the data  
from the literature, obesity and male gender representing 
the main risk factors for OSAS1. Obesity represents also 
a major confounding factor in establishing OSAS inde‑
pendent role in cardiovascular pathology.

25% of the studied patients had diabetes, a condition 
frequently associated with obesity, but also with the meta‑
bolic syndrome induced by OSAS14. Most patients (61%) 
were smokers, a recognized risk factor for coronary heart 
disease, but also for sleep apnea15,16.

At T0, the patients had daytime sleepiness, due to sleep 
fragmentation induced by repeated episodes of apneas and 
hypopneas, with arousals and consecutive sympathetic 

activation, which play a pathogenic role in the develop‑
ment of nocturnal heart rhythm disorders. 

The main cardiac arrhythmia diagnosed at T0 in our 
patients was represented by VES: 15 patients (41%), fol‑
lowed by paroxysmal AF: 8 patients (22%) and PSVT: 5 
patients (13%). 7 patients (19%) had permanent AF or a 
history of documented AF recurrence (Figure 2).

The prevalence of cardiac arrhythmias was reported 
to increase with the severity of OSAS17,18. In our study, 
about 60% of patients with severe OSAS had cardiac 
arrhythmias (Figure 3).

The prevalence of OSAS in our patients increases with 
age, a finding also reported by other epidemiological stud‑
ies19 (Figure 4).

In group B, at T0, a statistically significant positive 
correlation (r:0.74, p<0.001) between the Oxygen 
Desaturation Index: ODI (a marker of intermittent 
hypoxemia, which is recognized to play a pathogenic role 
in the development of cardiovascular and metabolic com‑
plications)20 and AHI was found. Both are a consequence 

Lown classification Arrhythmia

Grade 0 No ventricular extrasystoles 

Grade I Unifocal and infrequent VES;
 <30 VES per hour

Grade II Unifocal and frequent VES,
 ≥30 VES per hour

Grade III Multifocal VES

Grade IVA 2 consecutive beats (couplets)

Grade IVB ≥3 consecutive beats (salvos)

Grade V “R on T” phenomenon

Lown classification  for  ventricular 
extrasystoles (VES)

Patients characteristics at T0Table 1 Table 2

GROUP A B
Age (years) 62 ± 13.74 63.28 ± 10.64

Men / Women (n) 15/3 16/2

Smokers (n) 14 8

BMI (kg/m2) 36.87 ± 5.8 30.52 ± 3.1

Diabetes (n) 2 7

Epworth (x/24) 10.6 ± 4.37 9.4 ± 4.16

ODI (x/hour) 36.1 ± 22.53 34.86 ± 15.56

AHI (x/hour) 39.83 ± 18.1 34.7  ± 17.3

Lowest SaO2 (%) 83.25 ± 2.85 83.65 ± 5.06

Paroxysmal FA (n) 8 –

Recurrent FA (n) – 2

Permanent FA (n) – 5

PSVT (n) 2 3

Atrial flutter (n) 1 –

VES (n) 7 8

Figure 1. Distribution of BMI in pacients included in the study
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Figure 2. Type of cardiac arrhythmias in patients included in 
the study (T0)

Figure 3. Prevalence of cardiac arrhythmias increase with the 
severity of OSAS

Figure 4. OSAS severity by age categories

Figure 5. Correlation between Oxygen Desaturation Index 
(ODI) and AHI at T0 in group B (r: 0.74; p<0.001) 

Figure 6. Average value of Epworth questionnaire at T0 and 
T6 in group B

Figure 7. Correlation between heart rate and AHI at T6 in 
group B (r: 0.53; p<0.005)

of repeated episodes of nocturnal respiratory events 
(Figure 5). At the end of the study, 12 patients in group 
B and 18 in group A were evaluated.

The Epworth Sleepiness Questionnaire is used to eval‑
uate daytime sleepiness in different situations, with a 
score varying between 0 (total absence of sleepiness) and 
24 (falling asleep)21. At T0, the patients in group B had an 
average Epworth score of 9.4 ± 4.16; after 6 months of 
CPAP therapy, the average Epworth score was 7.42 ± 2.14, 
a lower value, but not reaching the statistical significance 
(small number of patients). This may be explained by the 
diminution of episodes of nocturnal respiratory events 
(apneas and hypopneas) and lack of sleep fragmentation 
with CPAP therapy.

In group B, 12 patients (67%) continued to use CPAP 
correctly (at least 4 hours per night in more than 70% of 
nights). Patients who used CPAP did not have recurrent 
AF, experienced a decrease in the number and severity of 
VES (passed from class II to class I according to Lown 
classification) and a lowering of mean heart rate in those 
with permanent AF.

At T6, in patients with AF, the mean heart rate was 82/
min. in group A, and 69/min. in group B, a lower value, 
but not reaching the statistical significance (Table 3). Also, 
it was noticed that at T6, the mean heart rate was consider‑
ably lower than at T0 only in group B (Table 3).

In group B, a statistically significant positive correla‑
tion (r:0.53, p<0.005) between heart rate and AHI at T6 
was found (Figure 7).
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Conclusions
Our study found a correlation between oxygen desat‑

uration index, apnea hypopnea index and the presence 
of heart rhythm disorders, supporting the involvement 
of intermittent hypoxemia and sleep fragmentation / 
sympathetic activation in etiopathogenesis of cardio‑
vascular complications in OSAS. 

The majority of patients with heart rhythm disorders 
had moderate or severe OSAS. We found that the greater 
the value of AHI, the higher was the mean heart rate in 
patients with atrial fibrillation. 

In patients with OSAS, adding CPAP to the pharma‑
cological therapy has favorable effects on preventing 
recurrences, heart rate control in patients with atrial 
fibrillation and decrease in frequency and/or severity 
of ventricular extrasystoles.

Evaluating the presence of OSAS in patients with 
clinical suspicion (obesity, daytime sleepiness, apneas 
reported by entourage) and associated cardiac rhythm 

disturbances is important, since there is an increasing 
body of evidence that proper use of CPAP therapy offers 
additional benefits to pharmacological therapy.

 Study limits
There was a small number of patients that completed 

the evaluation (study still in progress, preliminary results).
The diagnosis of OSAS was performed by six chan‑

nels cardiorespiratory polygraphy and not by polysom‑
nography (golden standard). However, the patients 
included in the study had high pretest probability for 
OSAS, in which case the diagnostic with cardiorespira‑
tory poligraphy is accepted.

AutoCPAP technology was used to establish the appro‑
priate effective pressure, and autoCPAP devices were 
employed for further therapy of OSAS. There are data that 
report that effective pressure variation during the night 
would induce secondary subcortical arousals with residual 
diurnal sleepiness and sympathetic stimulation.   n
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Group A Group B

mean standard deviation mean standard deviation

Heart rate T0 84 19 95 20

Heart rate T3 81 18 77 14

Heart rate T6 82 19 69 8

Cardiac frequency in patients with AF at T0, T3, T6 in groups A and B.Table 3
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