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ABSTRACT: Heart block during sleep has been described in up to 10% of patients
with obstructive sleep apnoea. The aim of this study was to determine the relationship
between sleep stage, oxygen desaturation and apnoea-associated bradyarrhythmias
as well as the effect of nasal continuous positive airway pressure (nCPAP)/nasal bi-
level positive airway pressure (nBiPAP) therapy on these arrhythmias in patients
without electrophysiological abnormalities.

Sixteen patients (14 males and two females, mean age 49.6+10.4 yrs) with sleep
apnoea and nocturnal heart block underwent polysomnography after exclusion of
electrophysiological abnormalities of the sinus node function and atrioventricular
(AV) conduction system by invasive electrophysiological evaluation.

During sleep, 651 episodes of heart block were recorded, 572 (87.9%) occurred dur-
ing rapid eye movement (REM) sleep and 79 (12.1%) during nonrapid eye movement
(NREM) sleep stages 1 and 2. During REM sleep, the frequency of heart block was sig-
nificantly higher than during NREM sleep: 0.69+0.99 versus 0.02+0.04 episodes of heart
block ‘min! of the respective sleep stage (p<0.001). During apnoeas or hypopnoeas, 609
bradyarrhythmias (93.5%) occurred with a desaturation of at least 4%. With nCPAP/
nBiPAP therapy, apnoea/hypopnoea index (AHI) decreased from 75.5+39.6:h! to 3.0+
6.6°h! (p<0.01) and the number of arrhythmias from 651 to 72 (p<0.01).

We conclude that: 1) 87.9% of apnoea-associated bradyarrhythmias occur during
rapid eye movement sleep; 2) the vast majority of heart block episodes occur during a
desaturation of at least 4% without a previously described threshold value of 72%; and
3) nasal continuous positive airway pressure or nasal bi-level positive airway pressure is
the therapy of choice in patients with apnoea-associated bradyarrhythmias.

Eur Respir J 1998; 11: 434—439.

Heart block during sleep is found in 5-10% of patients
with obstructive sleep apnoea [1—4]. Apnoea-associated
bradyarrhythmias often exceed 2 s in duration, and asys-
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Materials and methods

tolies of up to 15.6 s in duration have been observed [2, 5,
6]. We have previously described electrophysiological find-
ings in patients with apnoea-associated bradyarrhythmias
suggesting that poorly understood, vagally mediated reflex
mechanisms rather than structural abnormalities of the sin-
us node and the atrioventricular (AV) conduction system
cause these bradyarrhythmias [7, 8]. In addition, Becker et
al. [5] from this group previously demonstrated that heart
block in patients with obstructive sleep apnoea can be
abolished in the majority of patients by nasal continuous
positive airway pressure. A desaturation to less than 72%
has been identified to be a precondition for the occurrence
of heart block [2]. Guwremmaur er al. [2] reported
apnoea-associated bradyarrhythmias only during nonrapid
eye movement (NREM) sleep stage II and rapid eye move-
ment (REM) sleep [2].

In response to these observations, this study was design-
ed to clarify the relationship between sleep stage, arterial
oxygen saturation (S2,0,) and apnoea-associated brady-
arrhythmias in patients with normal electrophysiological
evaluation.

Patient selection

The study population was recruited from patients re-
ferred to our out-patient department because of suspected
sleep apnoea. Sixteen patients fulfilled the following inclu-
sion criteria for our study: 1) obstructive sleep apnoea (apno-
ea/hypopnoea index (AHI)>10-h! and associated nocturnal
bradyarrhythmias as documented by ambulatory monitor-
ing of breathing sounds, cardiac frequency (fC), Sa,0,, and
body position (MESAM IV; Madaus Schwarzer; Mun-
ich, Germany) and a two-channel Holter electrocardiogram
(ECG) (Oxford Medilog 4000; Oxford Instruments, Ab-
ingdon, UK); and 2) unremarkable electrophysiological
ev-aluation of sinus node and AV conduction function as
described in detail below. In all patients a diagnostic cardi-
orespiratory polysomnography was performed. nCPAP/
nasal bi-level positive airway pressure (nBiPAP) therapy
was introduced the day after polysomnography. The study
was approved by the institutional Ethics Review Board of
the University of Marburg. Written informed consent was
obtained from all patients
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Clinical characteristics of 16 study patients

Mean age of the patients was 49.6+10.4 yrs (range
27-72 yrs). Average height was 174.6+7 cm (range 163—
186 cm) and weight 111.4+20.3 kg (range 81-150 kg).
Body mass index (BMI) was 36.8+7.9 kg-m (range 28.1—
54.2 kg-m?). Arterial hypertension was found in 13 pati-
ents (81.3%), hyperlipidaemia and hyperuricaemia in nine
(56.3%) and diabetes in two patients (12.5%). None of the
patients had a history of myocardial infarction.

Pulmonary function test, blood gas analysis, echocardi-
ography, clinical/chemical examinations, as well as 12
lead ECG at rest and during exercise were performed. All
patients underwent a maximal graded bicycle stress test in
supine position. A minimum load of 50 W was performed,
which was increased by 25 W every 2 min. Twelve-lead
ECGs were printed out for each minute during exercise
and for the first 5 min of recovery. An ischaemic ECG res-
ponse was defined as >1 mm horizontal or downsloping
ST segment depression for >0.08 s after the J point on at
least three consecutive beats. There was no evidence of
coronary heart disease in any of the 16 patients as deter-
mined by bicycle stress test, ECG at rest and history. None
of the patients complained about symptoms of angina pec-
toris.

The presence of left ventricular hypertrophy was de-
fined as a left ventricular (LV) mass index to body surface
area of more than 125 g-m?2. LV mass was calculated
according to an anatomically validated formula [9]:

LV mass = 1.04-[IVS+PWT+LVID): - (LVID)] - 13.6

where IVS is the interventricular septal thickness, PWT is
the posterior wall thickness and LVID is the left ventricu-
lar internal dimension. In 11 out of the 16 study patients,
echocardiography revealed signs of left ventricular hyper-
trophy.

Chronic obstructive airway disease (forced expiratory
volume in one second (FEV1)/vital capacity (VC) <60%)
was found in seven patients, nine patients did not show
any pathology in lung function. Blood gas analysis pro-
duced a mean arterial oxygen tension (Pa,0,) of 9.3+0.9
kPa (69.846.9 mmHg) (range 7.6-11.2 kPa (56.9-84.0
mmHg)), a mean arterial carbon dioxide tension (Pa,CO,)
of 5.5+0.4 kPa (41.1+3.3 mmHg) (range 4.6-6.2 kPa (34.4—
46.5 mmHg)), and a mean Sa,0, of 93.1% (range 88.5—
95.4).

Diagnosis of sleep apnoea and bradyarrhythmias

In the out-patient department, in addition to the clinical
interview and physical examination, a visually analysed
ambulatory monitoring of breathing sounds, fC, Sa,0,, and
body position (MESAM IV; Madaus Schwarzer) from app-
roximately 18:00-08:00 h and a two-channel Holter ECG
(Oxford Medilog 4,000) from approximately 14:00-08:00
h were performed. All patients with III° AV conduction
block, II° AV conduction block type Mobitz II and sinus
arrest of at least 2 s in duration were included in the study.
No patient received digoxin, B-blockers, verapamil or
class I or III anti-arrhythmic medication during polysom-
nography or before the study.

Definitions of normal electrophysiological evaluation of
sinus node and AV conduction function

Electrophysiological evaluation of sinus node function
and AV conduction properties before and after administra-
tion of atropine (0.02 mg-kg-") was found to be normal in
all 16 study patients. The protocol of electrophysiological
evaluation has been previously described [7, 8, 10]. Briefly,
electrophysiological testing included the function of sinus
and AV nodes and the His-Purkinje system. All study
patients fulfilled the following criteria: sinus node recov-
ery time <1,500 ms; increase in sinus rate of >25% from
baseline sinus rate to >90 bpm after administration of
atropine; and an AV Wenckebach period <505 ms; and an
HV interval <55 ms.

Cardiorespiratory polysomnography

All 16 patients underwent cardiorespiratory polysom-
nography. The following parameters were continuously
recorded from approximately 22:00-06:00 h: 1) abdomi-
nal and thoracic respiratory excursions by inductive pleth-
ysmography (Respitrace; Studley Data System, Oxford,
UK); 2) oronasal airflow (thermocouple airflow sensor;
Pro-Tech Services, Woodinville, USA); 3) breathing sounds
(laryngeal microphone; MAP, Martinsried, Germany); 4)
pulse oximetry (N 100; Nellcor, Idstein, Germany); 5) 1
channel ECG (Polysomnographischer Messplatz; Schwarz-
er, Miinchen, Germany); 6) C3-A2 and C2-02 lead electro-
encephalogram (EEG) (Polysomnographischer Messplatz);
7) two-lead electro-oculogram (EOG) (Polysomnographi-
scher Messplatz); and 8) two-lead electromyogram (EMG)
(Polysomnographischer Messplatz). Simultaneously, a two-
channel Holter ECG (Oxford Medilog 4,000; Oxford
Instruments, Abingdon, UK) was recorded for 24 h. Using
this approach the cardiorespiratory parameters could ex-
actly be defined at the time of each bradyarrhythmia de-
tected by Holter ECG.

Analysis of polysomnography and simultaneously Holter

Sleep stages were scored in 30 s epochs according to
the criteria by Recurscuaren and Kates [11]. An apnoea was
defined as the cessation or reduction of <20% of oronasal
airflow with a minimum duration of 10 s, hypopnoea as a
reduction of oronasal airflow by at least 50% and a mini-
mum duration of 10 s, accompanied by a desaturation of
at least 4%. Heart block was analysed due to the pattern of
ventilation (hypopnoea/apnoea), sleep stage (REM,NREM)
and Sa,0,. The value of Sa,0, before apnoea/hypopnoea
associated arrhythmia, the minimum value during apnoea/
hypopnoea and A Sa,0, (difference between Sa,0, before
and at the end of apnoea/hypopnoea) were recorded.

The two-channel ECGs were printed out on paper in
full length (one channel) with a paper speed of 4 mm-s-..
A two-channel printout of relevant periods was made at a
paper speed of 25 mm:-s-.. The arrhythmias analysed were:
II° AV block type Mobitz; ITI° AV block; and sinus arrest.
Up to three consecutive nonconducted P waves were clas-
sified as II°AV block type Mobitz, four or more noncon-
ducted consecutive P waves as III° AV block. An asystole
of at least 2 s duration without evident P wave was classi-
fied as sinus arrest.
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Statistical analysis lower limit of the normal range. The proportion of NREM
o ) ) sleep stages III and IV of 6.2% was decreased.

Statistical comparison of data was performed using the Six hundred and fifty one nocturnal bradyarrhythmias
Chi-squared test, Student's t-test and Wilcoxon's rank sum  yere recorded: 178 episodes of sinus arrest, 432 episodes
test where appropriate. All results are reported as mean+ of II° AV block type Mobitz; and 41 episodes of III° AV
sp and range. Significance was assumed at a p-value <0.05. block. During daytime no heart block was present in the

Holter ECG. Mean, maximum and minimum values of
duration of arrhythmias are listed in table 2. During ap-

Results noeas and hypopnoeas, 609 episodes of heart block occ-
urred accompanied by a desaturation of at least 4%, 42
Polysomnography and Holter ECG with apnoeas and a desaturation of <4%.
The results of polysomnography are summarized in 0.7 - —p<0.001 ——
table 1. Moderate to severe sleep apnoea was present in all ’
patients. The mean AHI (number of apnoeas and hypop- 0.6 -
noeas per hour of sleep) was 75.5 events-h-l. A proportion _
of REM sleep, 20.6% of total sleep time (TST), is at the E 05 -
e
o 0.4 7
Table 1. — Results of diagnostic polysomnography =
Al events-h 508425 (0.8-152.0) i 03
HI events-h! 23.6+24.9 (0-86.0)
AHI events-h! 75539.6  (12.0-152.0) 02 1
TST min 312+80.7 (147.0-439.8)
NREM stages 1 and 2 % 73.2+10.7 (50.4-86.6) 0.1
NREM stages 3 and 4 % 6.2+8.3 (0.0-30.5)
REM % 20.6£6.9 (12.9-39.1) 0 L .

REM NREM

Fig. 1. — Distribution of episodes of apnoea-associated bradyarrhyth-
mias due to rapid eye movement (REM) sleep and nonrapid eye move-

Values are presented as mean+sp with range in parenthesis. Al:
apnoea index; HI: hypopnoea index; AHI: apnoeic/hypopnoeic

index; TST: total sleep time; NREM: nonrapid eye movement; ment (NREM) sleep stage. Fd : 1I° atrioventricular (AV) block; 1 : TII°
REM: rapid eye movement. AV block; EH : sinus arrest.
Table 2. — Duration of different bradyarrhythmias and the values of arterial oxygen saturation (Sa,0,) before/during
apnoea/hypopnoea-associated arrhythmia

n Duration Sa,Oz,max % Sa,02,min % ASa,02 %
II° AV block type Mobitz 432 22+03 (3.9 84.3+12.8 66.6x17.5 17.7£9.9
III° AV block 41 7.0+£3.9 (18.5) 83.7+14.8 64.2+20.1 19.5+15.0
Sinus arrest 178 3.0£1.3 (12.0) 81.3x12.3 64.2+13.5 17.1£7.5

Values are presented as mean+sp with maximum value in parenthesis. Sa,0,max: maximum arterial oxygen saturation; Sa,0,min: mini-
mum arterial oxygen saturation; ASa,0,: the difference between the value of Sa,0, before and at the end of apnoea/hypopnoea: AV: atrio-
ventricular.

Table 3. — Respiratory disturbance index (RDI), body mass index (BMI) and the distribution of bradyarrhythmias due to
nonrapid eye movement (NREM) and rapid eye movement (REM) sleep for individual patients

Patient RDI BMI Sinus arrest II° AV block III° AV block Sum
No episodes-h! kg:m? Sum NREM % REM % Sum NREM % REM % Sum NREM % REM % Sum NREM % REM %
1 53 294 0 0 0 193 2 98 11 0 100 204 1 99
2 152 484 15 13 87 9 22 78 10 0 100 34 12 88
3 15 542 41 0 100 0 0 0 0 0 0 41 0 100
4 67 41.4 5 0 100 34 3 97 0 0 0 39 3 97
5 32 32.8 0 0 0 28 0 100 2 0 100 30 0 100
6 98 324 0 0 0 86 30 70 1 0 100 87 30 70
7 45 33.0 1 0 100 0 0 0 0 0 0 1 0 100
8 84 32.9 0 0 0 53 42 58 15 40 60 68 41 59
9 118 457 97 11 89 0 0 0 0 0 0 97 11 89
10 120 46.7 3 0 100 0 0 0 0 0 0 3 0 100
11 75 34.1 4 0 100 0 0 0 0 0 0 4 0 100
12 50 32.1 0 0 0 9 0 100 0 0 0 9 0 100
13 102 34.0 6 17 83 0 0 0 1 0 100 7 14 86
14 12 28.1 0 0 0 11 0 100 1 0 100 12 0 100
15 104 294 6 0 100 0 0 0 0 0 0 6 0 100
16 82 335 0 0 0 9 0 100 0 0 0 9 0 100
Total 178 432 41 651

AV: atrioventricular.
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Fig. 2. — Distribution of frequencies of nocturnal bradyarrythmias (per-
centage of all episodes of arrhythmias) in different classes of arterial oxy-
gen saturation (Sa,0,) (minimal values at end of apnoea). «--+--+ : thresh-

old Sa,0, value.

During REM sleep, 572 (87.9%) episodes of sinus arr-
est and AV block occurred 79 (12.1%) during NREM sleep
stages 1 and 2 and none during NREM sleep stages 3 and
4. During REM sleep, the frequency of bradyarrhythmias
was significantly higher than during NREM sleep (fig. 1):
0.69+0.99 versus 0.02+0.04 episodes of arrhythmias-min-!
of the respective sleep stage (p< 0.001). Table 3 demon-
strates the distribution of bradyarrhythmias due to sleep
stages (NREM/REM) for individual patients.

Of all bradyarrhythmias, 56.1% were found below the
critical Sa,0, value of 72%; 87.1% of sinus arrest, 58.5%
of III° AV block and 43.1% of II° AV block. Figure 2
demonstrates arrhythmias in relation to different classes of
oxy-gen desaturation. There were no differences between
the values of Sa,0, at the beginning and at the end of
apnoea concerning the different types of bradyarrhyth-
mias (table 2). Figures 3a and b show parts of the polys-
omnographic recordings in two patients with III° AV

%) Eca
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Fig. 3. — Part of a polysomnographic recording in two patients with III° AV block. a) Cardiac pacemaker was implanted in one patient because of the
extreme duration of heart block (up to 18.5 s). During an apnoea, five pacemaker-induced ventricular contractions can be seen. b) III° AV block occur-
ring during a hypopnoea with only minimal desaturation during rapid eye movement sleep. ECG: electrocardiogram; EEG: electroencephalogram;
EOG: electro-oculogram; EMG: electromyogram; RC: ribcage; Poes: oesophageal pressure; Abd.: abdominal; Sa,0,: arterial oxygen saturation.
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block. Note that heart block is occurring during hypop-
noea with only mild desaturation during REM sleep (3b).

nCPAP/nBiPAP therapy

With nCPAP/nBiPAP therapy, obstructive sleep apnoea
could be treated effectively. The AHI was reduced from
75.5£39.6 to 3.0+6.6 events-h! (p<0.01). nCPAP/nBiPAP
completely eliminated bradyarrhythmias in nine patients,
clearly reduced the frequency of AV blocks and sinus
arrests in five patients and produced no relevant altera-
tions in two patients. With regard to the total number of
arrhythmias, the frequency could be reduced from 651 to
72 episodes (p<0.01). Permanent cardiac pacemaker im-
plantation was carried out in four patients who had still
experienced long-lasting asystoles >5 s, despite effective
therapy (n=3), or who were noncompliant (n=1). Concern-
ing diagnoses, there were no relevant differences between
the patients with an increase/decrease of bradyarrhythmias
with nCPAP/nBiPAP therapy. The AHI in the two patients
with increased frequency of heart block were 50 events-h-!
and 102 events-h-!l. Neither patient had chronic obstructive
lung disease; arterial oxygen tension (Pa,0,) values at rest
were 10.44 and 9.92 kPa (78.5 and 74.6 mmHg).

Discussion

This study describes the relationship between nocturnal
bradyarrhythmias and sleep stage in patients with sleep
apnoea and normal electrophysiological evaluation of sinus
node function and AV conduction system. The major finding
of the present study is that apnoea-associated bradyarrhyth-
mias show a clear predominance during REM sleep. In con-
trast to previous reports, we did not find a Sa,0, threshold
value for the occurrence of heart block. In addition, our data
confirm the effectiveness of nCPAP/nBiPAP in the reversal
of arrhythmias in patients with obstructive sleep apnoea.

Nocturnal bradyarrhythmias in patients with obstructive
sleep apnoea have been described by numerous authors
[1-5], but there are few data on the influence of sleep
stage on nocturnal bradyarrhythmias in normals and in
patients with sleep apnoea. Guiemiaur et al. [12] re-
ported asystolic periods up to 9 s in duration only during
REM sleep in four apparently healthy young adults with-
out sleep-related breathing disorder. Nevins [ 13] describ-ed
the case of a patient with heart failure who developed epi-
sodes of AV block also during REM sleep. Otsuka et al.
[14] reported an increase of frequency of I° and II° AV
block in REM sleep and an increase of I1I° AV block in
NREM sleep. The incidence of profound bradyarrhyth-
mias during REM sleep is unknown, some studies have
shown that asystoles lasting longer than 2.5 s are rare in
healthy subjects [15-19]. GuiLemnaur et al. [2] report-ed
the occurrence of heart block in patients with obstructive
sleep apnoea only during NREM sleep stage 2 and REM
sleep, but there are no data about frequency.

In humans, fC is lower in NREM and REM sleep when
compared to wakefulness. There are conflicting data con-
cerning mean fC in NREM and REM sleep. REM sleep is
characterized by a high variability of fC with lowest and
highest fC values, which may be due to differences be-
tween tonic and phasic REM [20].

Although apnoea duration and oxygen desaturation are
more pronounced during REM sleep, the degree of oxy-
gen desaturation does not seem to play the major role in
the pathogenesis of heart block. Therefore, it would be
interesting to know if oxygen application leads to a reduc-
tion or an elimination of apnoea-associated arrhythmias. It
is possible that REM sleep per se, which normally shows
a desynchronization of respiration and cardiovascular fun-
ction, leads to excessive autonomic response due to stron-
ger stimulation of chemo- and baroreceptors induced by
hypoxaemia, intrathoracic pressure swings and haemody-
namic alterations. Somers et al. [21] proposed baroreflex
impairment (mainly found in patients with arterial hyperten-
sion and heart failure) results in uninhibited and excess-
ive chemoreflex-mediated parasympathetic and sympathetic
discharge in patients with sleep apnoea.

Changes in heart rhythm are a typical finding in pati-
ents with sleep apnoea. The characteristic pattern is the so
called cyclical variation of fC with slowing during apnoea
and acceleration during the post apnoeic hyperventilation.
Bradyarrhythmias are found in about 5-10% of patients
with obstructive sleep apnoea [1-5]. Compared to healthy
subjects of similar age, heart block events during sleep are
much more frequent and their duration markedly longer
[17-19]. Due to ventricular asystolies of up to 15 s in
duration, it was thought that heart block might lead to an
increased mortality risk in this patient group.

As the i.v. application of atropine eliminates cyclical
variation of fC and bradyarrhythmias an increased vagal
tone has been postulated as the cause of apnoea-associ-
ated arrhythmia [22]. Coronary heart disease is a rare
finding in patients with sleep-related heart block and does
not play an important role in the pathogenesis [6].

We cannot confirm the finding by GuiLLemiauLr et al. [2]
that nocturnal bradyarrhythmias in patients with sleep
apnoea exclusively occur below a Sa,0, threshold value of
72%. In the present study only 56.1% of heart blocks were
found below this threshold value. It is interesting to note
that some patients develop heart block in REM sleep with-
out any or with only mild desaturation.

ZwiLicH et al. [23] reported that hypoxaemia and cessa-
tion of respiration are essential in the development of
bradycardia in patients with apnoea. The degree of brady-
cardia is closely related to the severity of hypoxaemia, but
not correlated with sleep stage or type of apnoea. When
hypoxia during apnoea is prevented by oxygen breathing,
bradycardia during apnoea does not occur or is markedly
reduced. In patients with sleep apnoea and heart block no
data exist about the influence of oxygen application, prob-
ably because of the fact that oxygen might induce prolong-
ations of apnoea and heart block duration.

The cardiovascular and pulmonary system serve the
goal of delivering oxygen to tissues. Normal responses to
hypoxia and hypercapnia are an increase in fC and ventila-
tion. The mechanisms mediating the tachycardic response
to hypoxaemia are not clearly understood. Studies in ani-
mals with artificial ventilation and lung denervation on the
interaction of fC and ventilation demonstrated that hyp-
oxic stimulation of carotid chemoreceptors alone induces
a progressive bradycardia. Lung inflation via pulmonary
stretch receptors seems to play a key role in modifying
parasympathetic response, resulting in fC acceleration with
hypoxia. So the primary response to hypoxia is bradycardia,
which only becomes apparent during apnoea, when the
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influence of hyperventilation mediated by pulmonary stretch
receptors is eliminated [24-27].

A point of further interest is the manifestation and the
degree of pharyngeal obstruction, because it is also known
that an excitation of pharyngeal mechanoreceptors due to
airway obstruction can induce bradycardia. Besides severe
obstructive sleep apnoea and REM sleep obesity seems to
be another factor contributing to the occurrence of heart
block. One can imagine that the degree of pharyngeal ob-
struction is much more pronounced in patients who are
overweight. So it is possible that the more the pharyngeal
airway is obstructed the more vagal activation by mech-
anoreceptors is necessary to open the closed airway.

fC changes depend on the balance of both sympathetic
and parasympathetic tone. In patients with obstructive sleep
apnoea nocturnal bradyarrhythmias are undoubtedly due to
heightened parasympathetic tone. The mechanisms affect-
ing the imbalance of sympathetic/parasympathetic tone in
these patients are not clearly understood, but REM sleep
may be one of the major pathogenetic factors contributing to
powerful vagal stimulation inducing nocturnal heart block.

Our therapeutic strategy is not to implant a cardiac
pacemaker if heart block can be successfully eliminated
by nasal continuous positive airway pressure/nasal bi-
level positive airway pressure and if the patient shows satis-
factory compliance with therapy. In cases of long-lasting
asystoles (>5 s), an electrophysiological evaluation seems
sensible in order not to miss possible structural damage of
sinus node function and conduction system. The prognos-
tic significance of prolonged asystolic episodes in patients
with obstructive apnoea still remains unclear. Although an
increased mortality and sudden deaths have been reported
in patients with severe sleep apnoea, a cause-effect rela-
tionship to heart block has not yet been established.
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