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Abstract

Background—Beta;-receptor antagonists (BBs) are commonly administered in the treatment of
cardiovascular disease (CVD). The reported benefits of BB use in CVD patients with concomitant
obstructive sleep apnea (OSA) may be limited by their impact on apnea-induced bradycardias.
Therefore the aim of the study was to test the influence of BBs on periapneic heart rate (HR)
fluctuations in hypertensive patients with newly-detected and untreated OSA.

Methods—We studied 88 hypertensive patients (56 on BBs and 32 BB naive) with newly-
diagnosed moderate-to-severe OSA who were free of major pulmonary comorbidities and did not
require antiarrhythmic therapy. ECGs recorded during sleep were investigated for heart rate (HR)
responses to apneas allowing to compare extreme HR accelerations and decelerations between the
groups.
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Results—Auverage sleep-time HR were comparable in BB-naive (BB-) and BB-treated (BB+)
patients. Direct comparisons showed that HR decelerations were also similar in the two subgroups
(53.8 £9.6 vs. 54.4 £7.8 bpm; P=0.78, for BB- and BB+, respectively) however, BBs blunted the
OSA-induced HR accelerations (82.3 £12.2 vs. 74.3+10.0; P=0.003). After adjusting for baseline
HR and magnitude of desaturations, HR decelerations were more evident in BB-naive group
whereas tachycardic responses remained blunted in the BB+ group. The incidence of ectopies and
conduction abnormalities were comparable across two groups.

Conclusions—Beta-blockers do not potentiate apnea-induced HR decelerations, attenuate
apnea-induced increases in heart rate and do not influence incidence of ectopies and conduction
abnormalities in patients with hypertension and moderate-to-severe, untreated OSA.
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Introduction

Beta;-receptor antagonists (beta-blockers; BBs) are commonly administered in the treatment
of a broad spectrum of cardiovascular diseases. Large clinical trials showed that irrespective
of comorbidities, 47% [1] to 57% [2] of all treated hypertensive patients receive BBs on a
regular basis. However, the role of BBs in the management of hypertensive OSA patients is
unclear. Previous studies in patients with OSA report a superiority of BB therapy as a
treatment modality for autonomic imbalance and cardiovascular abnormalities commonly
seen in these patients [3, 4]. Much less is known about the effects of BBs on night-time HR
and arrhythmias.

Physiologically, apnea triggers powerful and differentiated co-activation of the sympathetic
(SNS) and parasympathetic (PNS) branches of the autonomic nervous system leading to
marked peripheral vasoconstriction, and bradycardia. Although SNS/PNS co-activation may
potentially increase the risk for arrhythmias [5], apparently the overall benefits of the this
co-activation outweigh the potential risk. In OSA subjects, each sleep disordered breathing
episode may itself evoke reflex bradycardia and tachycardia [6-9], as well as frequent
bradyarrhythmias [10,11], which might conceivably be potentiated by the negative
chronotropic effects of beta-blockade.

In the absence of CPAP, marked increases in heart rate and cardiac afterload, in the setting
of severe hypoxemia, may trigger episodic cardiac ischemia [12] or even infarction [13].
Hence, BBs may mitigate acute neural circulatory responses to obstructive apneas.
However, there is a concern that their negative chronotropic effects may potentiate the
severity of the acute bradyarrhythmic responses to apnea.

To our knowledge, the effect of BBs on apnea-related cardiac responses has never been
systematically studied. We hypothesized that BBs may diminish SNS driven reflex heart rate
acceleration episodes in OSA subjects. Concurrently, we speculated that when PNS driven
bradycardia prevail, BBs influence might be limited, as the SNS is already effectively
blocked by powerful vagal activation.
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Material and methods

Sleep data

We studied 88 consecutively recruited hypertensive patients screened for OSA at the
Medical University of Gdarsk Hospital (Hypertension and Diabetology Clinic, and
Pneumonology and Allergology Clinic) in 2009 (Figure 1). All experimental procedures
were performed in accordance with the Declaration of Helsinki on the treatment of human
subjects and the Ethical Committee of the University of Gdansk approved the study
(NKEBN/48/2011). Informed written consent was obtained from each subject.

The polygraphic recordings (Embletta X30, X100™) were reviewed and scored according to
standard rules [14]. Only apneas and hypopnoeas (=30% reduction in the amplitude of
airflow) were analyzed if accompanied with =4% oxygen desaturations compared to pre-
event baseline. The respiratory events included in the analyses were 10 seconds long at
minimum. AHI was defined as the average number of apneas plus hypopneas per hour of
study.

Exclusion criteria

Exclusion criteria were as follows: AHI<15; other than obstructive sleep-disordered
breathing eg. predominantly central sleep apnea; Cheyne-Stokes respiration during sleep;
hypoventilation syndromes; implanted cardiac pacing devices; arrhythmias without evident
relation to sleep disordered breathing episodes (sustained supra-, and ventricular arrhythmias
incl. atrial fibrillation, sustained 2° or 3° atrio-ventricular block); moderate or severe
bronchial asthma or chronic obstructive pulmonary disease (COPD); ongoing therapy with
negative chronotropic agents other than BBs including non-dihydropiridine calcium channel
blockers (verapamil, diltiazem), ivabradine, digoxin and amiodarone; ongoing treatment
with antiarrhythmic agents i.e. sodium channel blockers. ECG signal loss. Following these
criteria we excluded 62 patients (Figure 1).

Group dichotomization

Patients were assigned to 2 groups with regard to whether or not BB treatment was
administered. The distribution of specific BBs was random and reflected the actual
distribution of BB use in patients with hypertension in our Center (bisoprolol, n=24;
metoprolol, n=20, bataxolol n=10; carvedilol, n=2). All patients with coronary artery disease
(CAD) and heart failure received beta-blockers.

ECG analysis

Final analysis was based on ECG tracings (CM5 lead, sampling frequency; f=200Hz)
extracted from polygraphic studies of 88 eligible patients. As we sought to analyze extreme
cardiac responses, we selected and averaged the 50 fastest reflex heart rate accelerations and
50 slowest reflex heart rate decelerations associated with apneas/hypopneas from each sleep
study. Technically, the raw ECG data along with respiratory channels were exported to the
MATLAB-based software (written by K.Cz.), which automatically calculated all associated
sinus HR acceleration, and deceleration events. The exact evaluation window for each HR
deceleration (longest RR-intervals) assessment was set between the onset of the apnea/
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hypopnea to the moment of the resumption of breathing (Figure 2). Similarly, the apnea-
related HR acceleration response was analyzed as the shortest RR intervals recorded
immediately after the termination of breathing event but no later than the corresponding
desaturation nadir (Figure 2). The average of three RR intervals values clustered with
extremes entered the analyses. All cardiac responses were manually reviewed (J.W.) and
uploaded to the statistical package. Manual reviewing also allowed for artifact exclusion and
capturing ectopies such as supra-, and ventricular extrabeats, non-sinus rhythms,
atrioventricular blocks, and pauses. If the electrical impulse conduction impairment and/or
ectopy occurred the event was classified either as brady-, or tachyarrhythmia, and was
excluded from all sinus HR swings analyses.

Statistical analysis

Results

Statistical tests were computed using Statistica 10.1, Satsoft Inc.®. Skewed data
distributions were logarithmically corrected before analyses when appropriate. Descriptive
variables were presented as means £SD or Medians (IQR). Chi-squared test (with Yates
correction when appropriate) was used to compare co-morbidities, arrhythmia frequencies,
and male-to-female ratios. Unpaired, two-tailed t-tests were used to compare continuous
variables between two groups, with and without BB treatment. An analysis of covariance
(ANCOVA) was performed to assess the differences in periapneic cardiac responses. P<0.05
was considered significant for all calculations.

Patient demographics and clinical characteristic are presented in Table 1.

Polysomnography-derived indices and average sleep study heart rates were comparable in
BB+ and BB- subgroups (Table 1).

There were differences evident in acute cardiac responses to apneic episodes across
subgroups. Reflex HR accelerations were blunted in BB+ patients vs. BB— (Figure 3, left
panel). However, BB treatment did not influence reflex bradycardias (Figure 3, right
panel). The attenuation of cyclic variations of heart rate observed in BB+ patients was
comparable regardless of the BB dosage (Figure 4).

The incidence of apnea-induced pauses, conduction abnormalities and ectopies resulting in
increases in non-sinus rhythm were comparable in patients with and without ongoing beta-
blocker treatment (Figure 5).

After adjusting for baseline heart rate and magnitude of desaturations (ANCOVA),
tachycardic responses were blunted in the BB+ group (Table 2), however, reflex
bradycardias were more evident in the BB- vs. BB+ patients.

Discussion

There are two novel and important findings in our study. First, in hypertensive patients with
moderate-to-severe untreated OSA, beta-blocker treatment is not accompanied by
potentiated reflex heart rate decelerations or bradyarrhythmic responses to obstructive
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apneas comparing to patients without ongoing BB therapy. Second, BB administration
attenuates apnea-induced reflex heart rate increases, which is independent of the drug dose.

Autonomic responses to apnea and to recovery breathing, reflected in the cyclical variations
of heart rate which are characteristic of the majority of patients with untreated sleep apnea
[9,15], may be accompanied by clinically significant bradycardias or bradyarrhythmias [8].
Although continuous positive airway pressure therapy (CPAP) restores autonomic stability
and attenuates arrhythmias [16], the common problem with such treatment modality is the
long-term patients’ persistence. 15% of eligible patients do not accept CPAP after the first
night of usage [17], more than 30% give up treatment by the end of the first month [18], and
up to 50% of OSA patients abandon therapy within one year [19].

The impact of beta-blockade on the recurrent apnea-generated heart rate and rhythmic
fluctuations has not been systematically studied, and the available analyses have focused on
the averaged sleep-time HR only [3, 20]. However, investigation of mean HR alone may be
insufficient to fully elucidate the impact of beta-blockers on transient and rapid heart rate
changes and arrhythmias in OSA. Given that both severe bradycardias and tachycardias may
progress to more complex and prolonged arrhythmias (pauses, escape rhythms) [21],
potential consequences of modulation by chronotropic agents are of clear clinical relevance.

Animal studies showed that intravenous infusion of propranolol had a diverse effect on
periapneic bradycardias when compared to non-instrumented controls [22]. The cardiac
response varied from null effect during NREM sleep to slight decreases of the minimal heart
rates when compared to the pre-apnea period in REM. Overall these data did not suggest
clinical relevance of the impact of older non-selective beta-blockers on periapneic
bradycardias in animals. However, in this animal model, the post-apneic tachycardias were
blunted or even absent compared to controls. We now confirm the animal observations in
hypertensive patients with OSA who are receiving contemporary beta-blocker therapy.
Chronic administration of various beta-blockers at any dose significantly attenuates the
magnitude of reflex acceleration of HR, evident as decreased maximal HR and periapneic
delta HR (Figure 3 left panel, Figure 4). Furthermore, the incidence of apnea-induced
arrhythmias was similar irrespective of beta-blocker treatment despite higher prevalence of
CAD in BB+ patients. While the reduction of reflex accelerations of the heart rate in our
sample was both statistically and clinically significant, the impact of BBs on apnea-induced
bradycardias remains unclear. Surprisingly, there was no evident potentiation of reflex HR
decelerations by BBs (Figure3, right panel). Additionally, in multivariate model
(ANCOVA) adjusted for the severity of desaturations and baseline heart rate, revealed in
fact that slower periapneic heart rates, were present in the BB— patients vs. their BB+
counterparts (approx. 2-3 bpm net difference on average; Table 2). Some of these
differences might be possibly attributed to concomitant cardiac disease in patients requiring
BB therapy (Table 1). For example ischemic heart disease and congestive heart failure are
conditions commonly associated with higher sympathetic tone, and thus higher HR. We
were not able to perform a subanalysis of any mediatory role of incident CAD in the
bradycardic response, because all patients with hypertension and concomitant CAD were
treated with beta-blockers. Nevertheless, attenuation of the bradycardic response to apneas
while on BBs was previously reported in one experimental study with acute propranolol
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administration [9]. Guilleminault et al. reported “slight lessening” of bradycardic responses
to apneas during BB infusions (propranolol 5 mg, 1.V.) in OSA-patients; however, no
quantitative data from that study are available.

The clinical relevance of our findings is that beta-blockers are unlikely to significantly
potentiate apnea-generated marked HR decelerations, while reflex increases in HR are
attenuated. Our data may be partially explained by the fact that apnea-induced bradycardia is
mediated by vagal rather than sympathetic mechanisms and that the powerful vagal
responses to apnea obscure any bradycardic effect of cardiac sympathetic blockade by beta-
antagonists. It was previously unclear whether the effectiveness of beta-blockers in blood
pressure control [3] was partially associated with exacerbated bradyarrhythmic responses.
Our study supports the concept that BBs are unlikely to clinically influence blood pressure
control via excacerbated bradyarrhythmic responses to apneas. Both, the magnitude of
apnea-induced HR decelerations as well as the prevalence of pauses and conduction
abnormalities were similar in patients with ongoing BB therapy and their BB-naive
counterparts. Furthermore, we can speculate that attenuation of apnea-generated cyclic
variations of the heart rate can be one of the mechanisms by which beta-blockers may
decrease risk of sudden cardiac death, particularly in patients with CAD.

Limitations of the study

Findings from our cross-sectional studies do not allow for a definitive determination of the
nature of the relationships we observed. Confounding by indication of the beta-blocker
could explain some of the observed results. Nevertheless, our results are derived from the
real life use of beta-blockers in hypertensive patients with and without CAD, and are of
clear clinical relevance given the widespread use of beta-blockers and the high prevalence of
OSA.

In addition, bisoprolol and metoprolol constituted therapy in 78% of all BB-treated patients;
therefore it remains to be determined whether our findings could be considered a drug-class
effect. Another possible limitation of our observation is the inclusion of a relatively small
group of patients experiencing long apneic episodes (eg. exceeding one minute as indicated
in early reports [6, 10]). It has been suggested that it is the duration of apneas and the
severity of desaturations [8], rather than the number of apneic and hypopneic episodes per
hour (AHI) that increases the odds for incident bradyarrhythmic responses. Nevertheless, as
the inclusion criteria were specified by AHI >=15 only, we assume that our sample is
representative of obstructive sleep apnea in cardiovascular patients, and our conclusions
may be applicable to the vast majority of the C\VD-OSA population. However, the ECG
signal in patients with documented prolonged apneas and/or severe desaturations, should be
reviewed carefully.

Finally, the relatively small sample size and limited adjustments for co-morbid conditions
should also be acknowledged making the study results hypothesis-generating.
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Conclusion

We conclude, first that beta-blockers are not associated with potentiated apnea-induced heart
rate decelerations. Second beta-blockers effectively blunt the heart rate increases resulting
from reoccurring apneas during sleep in hypertensive patients with newly-diagnosed
untreated moderate-to-severe obstructive sleep apnea.
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Abbreviations and Acronyms

AHI apnea-hypopnea index

BBs beta-blockers

BMI body mass index

BP blood pressure

CAD coronary artery disease

CHF congestive heart failure

CPAP continuous positive airway pressure

CVvD cardiovascular disease

HR heart rate

OSA obstructive sleep apnea

REM rapid eye movement sleep

Sp0O2 mean blood oxygen saturation

T90 cumulative time with blood oxygen saturation below 90%

TIA transient ischemic attack
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\4

Sleep study exclusion criteria (n=52):
- mild OSA (n=29)
- other types of sleep disordered breathing
(n=5)
- negative sleep study (n=18)

\2

Heart rhythm abnormalities (n=8):
- atrial fibrillation (n=5)
- other arrhythmias which were exclusive (see
exclusion criteria (n=3)

4

\4

Moderate-to-severe COPD/asthma (n=2)

Study group (n=88)
BB-treated (n=56)
BB-naive (n=32)

Figure 1.
Study flow-chart.
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Figure 2. Example of recurrent cyclic variations of the heart rate and apnea-related
bradyarrhythmias

Figure depicts reoccurring heart rate accelerations, decelerations, and bradyarrhythmias
associated with sleep apneic episodes. The tracings represent following signals (from top to
bottom): nasal airflow (pressure cannula), thorax and abdomen movements (inductive belts),
ECG, heart rate, and SpO2 (pulse oximetry). The extreme decelerations were calculated as
averaged three longest RR intervals while sinus rhythm occurring in apnea-corresponding
ECG tracing (red rectangle window), and the HR sinus accelerations were calculated as
averaged three shortest RR-intervals while patient attempted rescue breathing (blue
rectangle window). The bradyarrhythmias resulting from the atrioventricular blocks were
assessed separately (here: AVB 2" degree 2:1).
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Figure 3.

Comparison of periapneic maximal increases (left panel), and minimal decreases (right
panel) of the heart rates with relation to ongoing beta-blocker treatment. Unpaired t-tests.
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Figure 4. Comparison of cyclic variations of heart rate and relationships to the dosage of beta-
blocker therapy and the presence of coronary artery disease. One-way ANOVA, P=0.001

Boxes represent mean values, and whiskers standard errors of the mean. BBs = beta-
blockers; BBs100% - full registered BBs dosage; BBs50% - half registered dosage
according to Summaries of Products Characteristics. CAD - coronary artery disease. P-
values refer to post-hoc Dunnett's tests against BBs-naive group (reference group).
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Figure 5. Apnea-related ectopies, and conduction abnormalities occurrence in patients with and
without beta-blocker treatment

Panels represents the comparison of the prevalence of (left) ectopies resulting in acceleration
of the HR, and (right) conduction abnormalities causing RR interval prolongation >2000ms
or decelerated non-sinus rhythm.
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Table 1
Clinical characteristics of BB— and BB+ groups
BB- BB+ P-value
Anthropometrics
Males-to-Females ratio 81%:19% 80%:20% 0.86
Age 55 (46-63) 57.5 (54-62) 0.12
BMI 34.2(30.5-36.5) | 32.3(28.1-41.2) | 0.84
Waist circumference 118.2£12.3 118.4 £11.5 0.97
Sleep study-derived indices:
AHI [episodes/hour] 28.8 (18-52) 32.9 (22-54) 0.66
Sp0O2 [%] 92.8(92.0-94.1) | 93.4(91.8-94.3) | 0.53
T90 [min.] 23.6 (4-87) 29.9 (6-75) 0.59
Desaturation duration (HR deceleration assessment) | 31.7 £10.1 29.1+7.2 0.16
Desaturation duration (HR acceleration assessment) | 33.3 +£10.5 31175 0.25
Average sleep-study heart rate 64.9£9.0 62.6 +7.5 0.20
Co-morbidities:
Coronary artery disease 0 (0%) 16 (29%) 0.00
Congestive heart failure 0 (0%) 3(5%) 0.47
Chronic kidney disease 5 (16%) 8 (14%) 0.86
Stroke / TIA 0 (0%) 5 (9%) 0.08
Diabetes Mellitus 9 (28%) 14 (25%) 0.85
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Normally distributed data are presented as mean values +SD. Male-to-female ratio, and comorbidities are presented as per cent. Age, BMI, AHI,
SpO2, lowest SpO2, T90 (skewed data distribution) are presented as Medians with IQR. P-values for two-tailed t-tests, Chi-squared tests, and
Mann-Whitney tests, respectively. Abbreviations: BMI = body mass index, AHI = apnea-hypopnea index, SpO2 = mean blood oxygen saturation,
T90 = cumulative time with blood oxygen saturation below 90%, TIA = transient ischemic attack.
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Table 2

Comparison of mean periapneic bradycardias and tachycardias and relationships to ongoing beta-blocker
therapy, mean sleep-time heart rate and desaturations. Multivariate analysis (ANCOVA).

BBs-naive BBs-treatment | P-value

Reflex bradycardia | 52.7 (51.2-54.3) | 55.2 (54.0-56.3) 0.02

Reflex tachycardia | 80.1(78.0-82.2) | 75.7 (74.2-77.2) 0.001

Model adjusted to the mean sleep study heart rates, and desaturations. Data presented as mean values with corresponding 95% confidence intervals.
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BBs = beta-blockers.
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