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ABSTRACT: Over the last two decades the diagnostic tools used in sleep medicine
have developed enormously, making it possible to study the interaction of sleep- many.
related breathing disorders (SRBD) with cardiovascular function and the auto-
nomic nervous system, as well as the effects of SRBD on a variety of physiological
processes during wakefulness. Different modes of nasal ventilation are now avai-
lable, allowing all forms of SRBD to be treated. If early diagnosis and treatment
are provided, the acute and long-term sequelae of SRBD can be prevented.

In addition to the care and treatment of patients with severe obstructive sleep
apnoea syndrome (OSAS), future patient management will need to focus on patients
with milder forms of obstructive sleep apnoea (OSA). In particular, the conse-
quences of SRBD on cardiac arrhythmias, arterial hypertension and hypersomno-
lence are discussed, considering epidemiological, clinical, diagnostic and therapeutic
aspects.

Some economical issues arising from SRBD are also discussed, and the authors
conclude that a Europewide programme for early detection, treatment and pre-
vention of SRBD is required. This could make a large contribution to the reduc-
tion of cardiovascular morbidity and mortality and also reduce the incidence of
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"human error catastrophes" due to hypersomnolence.
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Obesity, hypertension, sudden cardiac death, cardiac
failure, and accidents caused by sleepiness or "human
error”’ are among the most important issues in medical
research, and are all linked to obstructive sleep apnoea
(OSA). Numerous books and review articles that deal
with the symptoms and features of obstructive sleep
apnoea syndrome (OSAS) have been published. It would
make no sense, therefore, to add another purely retro-
spective article with the title "Manifestations and Conse-
quences of OSA". Instead, this article will focus on
hypersomnolence as the key symptom of OSA and also
as a major risk factor contributing to accidents. Arterial
hypertension and cardiac arrhythmias - the most impor-
tant cardiovascular effects of OSA - will also be dis-
cussed. For each of these issues, we will try to describe
the challenges, from our perspective, for future patient
management and care in sleep medicine.

Over the last 15 yrs we have evaluated and treated
more than 10,000 patients with suspected sleep-disord-
ered breathing. During this period, a huge technologi-
cal evolution has taken place in the field of diagnostics.
Several monitoring devices that continuously measure
a variety of parameters, such as pulse oximetry, ind-
uctive plethysmography, continuous noninvasive blood
pressure monitoring (finger photoplethysmography),

small oesophageal pressure sensors, and sensors for other
cardiorespiratory parameters have become widely avail-
able for general use outside specialized research institu-
tions [1]. Such devices now enable us to routinely assess
sleep and sleep-related pathological conditions in large
numbers of patients. Other major improvements have
been made in areas such as the surgical treatment of OSA
(maxillo-mandibulary advancement), and even more imp-
ortantly in the field of nasal ventilation. Our ability to
detect impaired daytime function caused by the disrup-
tive effect of autonomic dysfunction during sleep (i.e.
apnoeas) on sleep quality and architecture (frequent arou-
sal etc.), even in an early stage, has improved. Circadian
variation of parameters such as arterial blood pressure
and the subsequent effects of treatment can now be stud-
ied both during sleep and wakefulness.

In the past, sleep-induced upper airway obstruction
(UAO) had been typically described as OSAS in obese
middle-aged males suffering from loud and irregular
snoring, impaired daytime vigilance, and cardiovascular
and cardiopulmonary disorders (arterial and pulmonary
hypertension, heart failure, arrhythmias). OSAS is asso-
ciated with increased morbidity and mortality. Whilst
in the past, the term OSAS was helpful to focus on a
combination of symptoms and findings in patients with
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sleep-related breathing disorders, this narrow focus is no
longer adequate today. The evaluation and treatment of
patients with upper airway obstruction during sleep has
clearly shown that parameters such as apnoea or respi-
ratory disturbance index are insufficient to assess the
severity of the disorder [2]. Usually, patients with a
high apnoea index (>40 episodes-h'!) present with a
combination of symptoms and features sufficient to use
the term "syndrome". However, patients may be oligo-
or even asymptomatic. Recognition and intervention can
prevent long-term sequelae due to UAO in these pati-
ents. To adhere to the term "syndrome" and to limit
treatment only to patients who show the full-blown syn-
drome would mean withholding successful treatment
from many patients [3]. Treatment should ideally start
in the early stages of the disorder rather than waiting for
the development of the full-blown syndrome and possi-
bly irreversible sequelae.

The most relevant long-term consequences of SRBD
arise from the effects on the cardiovascular system and
from "human error" caused by hypersomnolence. Accor-
dingly, this article addresses the effect of sleep induced
upper airway obstruction on arterial hypertension, car-
diac arrhythmias, daytime sleepiness and the effects of
treatment.

Hypersomnolence and OSA

Normal sleep fulfils a restorative function, and is typi-
cally characterized by a regular pattern of 4-5 sleep
cycles during the sleep period. Each cycle contains sev-
eral distinct stages of sleep that are classified according
to standard criteria based on electroencephalographic
(EEG), electro-oculographic (EOG) and electromyogra-
phic (EMG) signals. The two main categories of sleep
include rapid eye movement (REM) and non-REM (NREM)
sleep, which are distinguished on these grounds [4].
NREM sleep, which accounts for approximately 75% of
total sleep time, consists of the sleep stages 1, 2, 3 and
4. Stages 1 and 2 are characterized by a relatively low
arousal threshold. SRBD are usually associated with a
disturbed sleep architecture, in particular an increase in
the quantity and proportion of stage 1 and 2 sleep.

Stages 3 and 4 NREM sleep are characterized by high
amplitude slow waves in the EEG and a reduction in
muscle tone. Autonomic function is relatively stable.
Young healthy individuals will spend 20% of their sleep
in stages 3 and 4 NREM, predominantly at the begin-
ning of the night. A reduction in the quality of stage 3
and 4 NREM is typically associated with tiredness and
impaired daytime performance.

REM sleep is characterized by bursts of rapid eye
movements and a further reduction of muscle tone.
Regulation of autonomic functions, such as temperature,
heart rate, blood pressure, and breathing and upper air-
way stability, becomes unstable, even in healthy sub-
jects, during REM. In OSA, apnoeic events and oxygen
desaturation are more severe during REM-sleep. Twenty
to twenty five percent of the total sleep time is normally
spent in REM-sleep. The duration of each REM period

tends to increase over the course of a night's sleep.
Interestingly, the early morning is the time of the day
when human mortality peaks [5].

Since 1991, there has been a provisional International
Classification of Sleep Disorders (ICSD) [6]. The two
clinically most important groups of disorders are dys-
somnias (intrinsic and extrinsic) and parasomnias. OSA
is the most common intrinsic dyssomnia leading to hy-
persomnia. However, insomnia may be a manifestation
in OSA, and approximately 5% of our patients, usually
with mild to moderate OSA, report this symptom.

In the early 1980s, the report of CoLEMAN et al. [7]
surprisingly demonstrated that patients presenting to
sleep laboratories complaining of hypersomnia were
equally as frequent as those who presented with the
complaint of insomnia. The prevalence of obstructive
SRBD is approximately 8% in male subjects aged 40—
65 yrs [8, 9]. We estimate that the major symptom in
one third of these patients is hypersomnia. Upper air-
way obstruction during sleep induces central nervous
activation, the so-called arousal, which is usually not
noticed by the patient (fig. 1). The more severe the sleep
fragmentation, the more likely that daytime somnolence
will be reported.

As a consequence of arousal, muscle tone, heart rate,
blood pressure and ventilation will increase. Hyperventila-
tion following an apnoea will usually restore normal
blood gases. Patients with severe OSA, but also those
with partial upper airway obstruction causing frequent
arousal without clear-cut apnoeas, may present with ex-
cessive daytime sleepiness. Arousal due to upper air-
way obstruction is thought to be a major factor causing
hypertension in these patients.

As the apnoea index (Al) increases, the amount of
REM-sleep and the amount of stages 3 and 4 NREM
sleep decreases (fig. 2).

This effect is disproportionate, in that stage 3/4 NREM
sleep may be totally absent in severe OSA, whilst some
REM-sleep is usually maintained. The short daytime
naps of these patients, however, may contain quantities
of stage 2 NREM and even of REM sleep. During nasal

stage 2 NREM sleep
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Fig. 1. — Arousal caused by snoring during stage 2 non-rapid eye
movement (NREM)-sleep. The figure shows two electroencephalo-
gram (EEG) leads (C;-A,; C;-O,), two electro-oculogram (EOG) leads,
submental and leg electromyographic activity (EMGsubm and EMGtib,
respectively), and integrated snoring activity.
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continuous positive airways pressure (nCPAP) therapy,
the total amount of stage 3/4 NREM sleep is increased,
and this increase occurs mainly during nocturnal sleep
(fig. 3).

A flattening of the circadian body core temperature
rhythm in OSA may be a further important pathophysio-
logical factor in this disorder. This is reversible with
nCPAP therapy [11] (fig. 4).

The degree of excessive daytime sleepiness and redu-
ced vigilance due to sleep fragmentation in OSA may
vary widely. Initially, the normal rhythmic circadian
tendency to fall asleep will be more pronounced. In
severe cases, however, sleep onset can be rapid and
uncontrollable for the patient, even to the point where a
diagnosis of narcolepsy is erroneously made. A detailed
sleep-waking history should be obtained. We have de-
veloped a diary as a part of a simple, but very efficient
questionnaire to assess daytime sleepiness [12]. The
Multiple Sleep Latency Test (MSLT) [13], Maintenance
of Wakefulness Test (MWT) [14], and vigilance tests are
used to objectively measure sleepiness. All of these tests
have the limitation of being influenced by the subject's
motivation to perform the test, and are also performed
in a "nonrealistic" test situation. However, these tests

is considerable interindividual variability, the amount of stage 3 and 4 NREM-sleep and REM-
sleep decreases with increasing Al [10]. REM: rapid eye movement; NREM: non-REM.

are useful in documenting impairment before therapy
and changes during treatment (fig. 5). In OSA patients
effectively treated by nCPAP, the performance in vigi-
lance tests is normalized along with a restitution of nor-
mal breathing pattern and sleep structure [15]. There
are only limited data on the effect of "fighting to stay
awake" on blood pressure in hypersomnolent OSA pati-
ents. During vigilance testing in hypersomnolent OSA
patients, arterial blood pressure shows marked phasic
increments following a false or delayed reaction to a
task. This response is very similar to the blood pressure
increase seen following arousal after an apnoeic event
during sleep [16].

Hypersomnolence, sleep fragmentation and sleep de-
privation will interfere with control of breathing and
lower hypercapnic and hypoxic ventilatory responsive-
ness. The effect of changes in vigilance on cardiovas-
cular and respiratory function has long been known.
These findings are of enormous clinical relevance and
should be taken into account more often in patient
management.

In an industrialized society, vehicle operating tasks
and the control and monitoring of complex processes
have become part of working and everyday life. Most
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Fig. 3. — Twenty four hour hypnogram: a) before therapy, and b)
with nCPAP treatment in a patient with OSA. The occurrence of
apnoeas is shown above the time scale, where one small line repre-
sents one apnoea (obstructive, mixed or central). With nCPAP the
quantity of stage 3 and 4 NREM-sleep increases markedly during the
24 h period and the episodes of sleep during daytime are considerably
reduced. nCPAP: nasal continuous positive airway pressure. For fur-
ther abbreviations see legend to figure 2.

importantly, these tasks depend on alertness and an abi-
lity to react to infrequently occurring, unexpected events.
While tasks arising at regular intervals can even be per-
formed at decreased levels of vigilance fulfilling the cri-
teria of light sleep [17, 18], this is not the case for
unexpected tasks or events. Official statistics in Germany
attribute only 0.5% of all traffic accidents to tiredness
and sleepiness [19]. However, this contrasts with other
estimates that up to 9% of all traffic accidents are due
to the above mentioned factors [20]. In those car acci-
dents in which sleepiness was the obvious cause, the rate
of deaths was three times as high as in other accidents.
Falling asleep whilst driving seems to be the cause of
3% of the accidents causing material damage, 20% of
the accidents causing injuries, and 50% of the accidents
causing death [21]. Falling asleep whilst driving is the
most frequent cause of lethal car accidents on the German
"Autobahn", causing 24% of the accidents according to
a recent survey by insurance companies [22]. LEGER [23]
estimates that the cost of road accidents due to sleepi-
ness ranged between 43-54 billion US$ in the USA in
1988.

With the prevalence rate of OSA in males aged 40-60
yrs being as high as 10%, there would seem little doubt
that OSA is the most important medical cause for hyper-
somnolence. FINDLEY et al. [24] found a threefold increased
risk for road accidents in OSA patients (apnoea/hypo-
poea index (AHI) >5 episodes-h'!) compared to the over-
all risk of all drivers. Compared to a control group of
35 subjects without OSA, the accident risk was increased
by sevenfold. The performance in a driving simulator
was significantly reduced in OSA patients compared to
subjects without OSA [25]. CasseL et al. [15] demon-
strated impaired performance in objective vigilance tests
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Fig. 4. — a) Body core temperature; b) latency to sleep stage 2; c)

subjective wakefulness; and d) latency to sleep stage 2 in the MSLT
in 12 patients over a 24 h period. Values are presented as meantsgm.
: with therapy; - - -: before therapy. Following the reversal of
apnoeic episodes with nCPAP, a normalization of circadian body core
temperature rhythm occurs. Subjective and objective measures of
sleepiness improve [11]. MSLT: Multiple Sleep Latency Test. For

in untreated OSA patients, which was almost completely
reversible during nCPAP treatment. Using a question-
naire, they revealed that falling asleep whilst driving
was markedly reduced after one year of nCPAP therapy.
Also, a significant improvement was observed in sleep
latency (MSLT) and in sustaining concentration [15].

Cardiac arrhythmias and OSA

With the introduction of the Holter-electrocardiogram
(ECG) as a routinely used diagnostic tool, it became
obvious that serious heart rhythm disturbances may be
present during sleep. There are only limited data con-
cerning the causes of sleep-related cardiac arrhythmias.
This is partly because, until recently, there was a lack
of simple diagnostic tools available for continuous rec-
ording of parameters such as respiration, arterial and
pulmonary artery pressure, EEG efc. Polysomnography



1576 J.H. PETER ET AL.

250

EM uv

EMG uV

Alpha uV

30
Theta uV

0

210

L AT

110

ce B S Y 1 T T MRS IR P e

50

80

h
HR bpm  [mvasese g WWAWMWMNWNWWWWWW
40
10 0 1 '!W 'ﬂ l‘ | 1 ‘Ii !
RT s i i J”‘ ﬂ -lu m“ | i ”
0 i:LllllH lllelllhhlh‘xlnlJ;lMlLH H. u‘ | |1hllllll.l”Inlu.l‘lnhnll IR TI T rm |'|||i||.u.l|l|.-l.l lnn.nll:l
8:05 8:10 8:15 8:20 8:25 8:30 8:35 8:45 8:50 8:55 9:00 9:05 9:10 9:15 9:20
Fig. 5. — Eye movements (EM), mean activity of electromyogram (EMG), amount of alpha and theta wave activity in the EEG frequency analy-

sis, systolic and diastolic blood pressure (BPsys, BPdias), heart rate (HR) and reaction time (RT) during a vigilance test. Between 8.20 and 8.37
a.m. the amount of theta wave activity increases, showing that the patient is very sleepy. During that time, muscle tone and heart rate decrease,
whilst average systolic and diastolic blood pressure increase with marked variability in BP. As seen in the RT, the patient completely misses se-

veral tasks. bpm: beats-min-!.

established the important role of sleep-disordered breath-
ing in the pathogenesis both of bradycardia and tachy-
cardia nocturnal arrhythmias.

The reported prevalence of heart block in sleep apnoea
patients varies considerably in the literature, most prob-
ably because of the differences in the patient groups
studied (table 1). In two reports on 15 and 25 patients
by TwkiaN and co-workers [26, 27], bradycardia <30
beats-min-! was seen in 40 and 36% of the patients,
sinus arrest (>2.5 s) in 33 and 36%, and II° and III" atri-
oventricular (AV) conduction block in 13 and 16%,
respectively. In a retrospective analysis of 400 patients
with obstructive sleep apnoea, sinus bradycardia (<30
beats-min-!) was seen in 7%, sinus arrest (>2.5 s) in 11%
and II° AV conduction block (Mobitz II) in 8% of the
patients [29]. Our own data shows a somewhat lower
prevalence of bradyarrhythmias. In 178 OSA patients,
sinus arrest (>2 s) was present in 6%, II° AV-block in
5% and III° AV block in 2% [32]. In a study by BECKER
and co-workers [36], 17 out of 239 OSA patients (7%)
were diagnosed as having a total number of 1,575 epi-
sodes of heart block (sinus arrest, II’and III° AV block)
during sleep. The prevalence of heart block may be
similarly high in young, healthy subjects [37, 38], how-
ever, it is very rare in healthy subjects of comparable
age to the OSA patients studied [39].

Heart block is to be expected in morbid obesity and
severe OSA; out of 239 consecutive OSA patients the

lowest respiratory disturbance index (RDI) in those 17
patients with heart block was 59 episodes-h'! and the
mean body mass index (BMI) was 39 kg-m2 [36].

The mortality of untreated patients with moderate and
severe OSA (apnoea index (AI) >20 episodes-h!l) is
markedly increased compared to patients with an Al of
less than 20 episodes-h'! [20]. This difference in mor-
tality was most pronounced in patients less than 50 yrs
of age. The comparison of two age- and weight-matched
groups of OSA patients with and without nocturnal heart
block revealed a higher apnoea and hypopnoea index
(AHI) (48424 vs 32420 episodes-h!) (p<0.001) in the
heart block group, but no significant differences in the
number of cardiovascular diagnoses, blood gas results,
or lung function values between the two groups [40].

Besides severe OSA (AHI >50 episodes-h-1) and mor-
bid obesity (BMI >30 kg-m2), REM-sleep and the severi-
ty of desaturation during apnoeas are further independent
factors contributing to the occurrence of heart block in
OSA. More than 80% of heart block episodes occurred
during REM-sleep, and the likelihood of heart block
increased significantly if the apnoea associated desatu-
ration exceeded 20% [36, 41]. In a study by GUILLEMINAULT
et al. [29] heart block occurred exclusively at an arteri-
al oxygen saturation (Sa,0,) below 72%.

Figure 6 shows a Holter-ECG in a patient both with
apnoea-related heart block and premature ventricular contr-
actions. The polysomographic recording, in combination
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Table 1. — Prevalence of bradycardic and tachycardic arrhythmias in OSA

Patients Sinus Complex VT
First author arrest II°AV block  III° AV block PVCs
[Ref.] Year n % % ) %0 %
TILKIAN 1977-1978 15 33 13 0 67 13
[26, 27] 25 36 16 0 NR 8
MILLER 1982 23 9 4 0 9 0
[28]
GUILLEMINAULT 1983 400 11 8 0 NR 3
[29]
BoLM-AUDORFF 1984 20 0 0 0 36 15
[30]
SHEPARD 1985 31 10 6 0 55 3
[31]
KOEHLER/ZINDLER 1993 178 6 5 2 14 0
[32, 33]
FLEMONS 1993 76 5 1 0 1 0
[34]
HOFFSTEIN 1993 214 Sinus arrest, AV block, NR 3
[35] junctional rhythm (2-3%)
BECKER 1995 239 6 3 1 NR NR
[36]

OSA: obstructive sleep apnoea; [Ref.]: reference number; II° and III°: second and third degree; AV: atrioventricular; PVCs:
premature ventricular contractions; VT: ventricular tachycardia; NR: not reported.

with the ECG shown in figure 7 demonstrates the occu-
rrence of repetitive episodes of III’AV conduction block
of up to 14.1 s towards the end of the apnoeic epi-
sodes.

To our knowledge there are no data on the influence
of oxygen therapy on heart block in OSA; probably,
since O, may markedly prolong apnoeas and hypopnoeas,
these studies have not been performed. ZWwiLLICH et al.
[42] reported a reduction of apnoea-induced bradycardia
during oxygen breathing, despite the overall lengthening
of apnoeas with O, supplementation.

As the i.v. application of atropine eliminates heart
block but has no effect on apnoea, an increased vagal
tone has been postulated as the cause of nocturnal heart
block in OSA. Hypoxia in the absence of respiratory
movements seems to be the most important vagal stimu-
lus. Upper airway obstruction might also play an important

Fig. 6. — Part of a Holter electrocardiogram (ECG) recording (one
channel) in an obstructive sleep apnoea (OSA) patient showing both
heart block and premature ventricular contractions (PVCs) during
apnoea. One line represents 45 s.
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Fig. 7. — Part of a polysomnographic recording in a patient with

severe obstructive sleep apnoea (OSA) (RDI 67 episodes-h'!) showing
intermittent complete AV conduction block during an obstructive apnoea.
Abd: abdominal respiratory movements; Airflow: oronasal airflow;
RDI: respiratory disturbance index; Sa,0,: arterial oxygen saturation.
For further abbreviations see legends to figures 5 and 6.

role. The negative intrathoracic pressure resulting from
continuing effort to breathe against the closed upper
airway increases with apnoea duration, thus directly
increasing vagal tone. Furthermore, this also indirectly
stimulates the vagus via a volume-change induced alter-
ation of heart rate, blood pressure and stroke volume,
triggered by baroreceptors and intracardiac mechano-
receptor reflexes.

In OSA patients, heart block does not occur during
wakefulness, an important criterion to distinguish these
arrhythmias from heart block in patients with heart dis-
ease. Furthermore, less than 10% of our OSA patients
with heart block also had coronary artery disease [40].
Electrophysiological studies were normal in most of the
patients studied [43], suggesting that vagally-mediated
reflexes, and not cardiac disease, are responsible for heart
block in OSA patients.
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The apnoea-related bradycardia leads to a reduction
of oxygen consumption, whilst the increase in diastolic
time improves myocardial O, supply. Therefore, brady-
cardia during apnoea can be regarded as an oxygen-
saving mechanism. However, extreme bradycardia may
impair myocardial perfusion, as the perfusion gradient
drops during prolonged diastole. Relative coronary isch-
aemia might arise and lead to ventricular flutter or fibril-
lation. In this context, the question of a cardiac pacemaker
should be discussed. The indication for a pacemaker
depends on the type of arrhythmia, the patients symp-
toms and concomitant diseases. However, the standard
criteria for pacemaker implantation [44] are of little use
in OSA patients, as: 1) patients usually do not report
arrhythmia-related symptoms; 2) patients are compara-
tively young and do not have concomitant cardiac dis-
ease; 3) most of the OSA patients do not require digitalis
treatment; 4) there are no data suggesting that heart block
constitutes a major factor contributing to the increased
mortality risk; and 5) these patients have no episodes of
heart block during wakefulness.

In more than 90% of these patients, heart block can
be prevented by the use of nCPAP [36]. However, a
pacemaker may be indicated in addition to nCPAP, in
patients with persistent heart block despite nCPAP or
in circumstances of poor compliance with nCPAP, as
the arrhythmias will recur after interruption of the treat-
ment [45].

Before implanting a pacemaker three hitherto unan-
swered problems should be considered:

1. Do bradycardic arrhythmias contribute to the increa-
sed cardiac risk or should they be seen as the extreme
form of a protective oxygen saving mechanism'?

2. Are patients more at risk from tachycardic arrhyth-
mias evolving from hypoxia-induced bradycardia?

3. Might the stimulation of the hypoxaemic and vul-
nerable myocardium by a pacemaker induce dangerous
premature ventricular contractions (PVC)?

There are no data comparing the mortality of patients
with OSA and heart block with or without a pacemaker,
nor is there any information on the natural course or evo-
lution of heart block in this group. Prospective studies
in a large patient sample are needed to define these risks.
Furthermore, the mechanisms involved need to be clar-
ified. Why do some patients with severe OSA develop
heart block but the majority of patients who are equal-
ly affected and matched for age, BMI and degree of
desaturation do not? If a pacemaker is indicated, we use
a dual chamber pace-maker (DDD) system with an AV
interval programmed to 250 ms, thus enabling an atrial
demand pacemaker with ventricular stimulation to be
used when required.

There are differing results concerning the prevalence
of tachycardic arrhythmias during sleep in OSA pati-
ents (table 1). Most authors have found an increase in
PVCs during sleep [26, 27, 29, 30]; however, one has
reported a decrease in these events [28]. Again, hypoxia
seems to be a crucial aetiological factor. SHEPARD et al.
[46] reported a significant increase in PVCs in OSA at
a Sa,0, below 60%. In three out of the 16 patients bige-
miny developed at Sa,0, values below this threshold [46].

In a large prospective study in patients with suspec-
ted OSA, PVCs were found in 58% of patients with
OSA (AHI >10 episodes-h'!) vs 42% of those without
OSA [35]. PVCs were shown in 82% of patients with
a mean nocturnal Sa,0, below 90%, but in only 40% of
patients with a Sa,0, above 90%. If the AHI was >40
episodes-h-1, the prevalence of PVCs was 70%, but
only 42% if the AHI was <10 episodes-h'l. Ventricular
tachycardia was seen in six OSA patients but in none
of the non-OSA patients.

Our data and that of FLEMONS ef al. [33, 34] suggest
that PVCs are increased in obese patients with severe
OSA and concomitant cardiovascular disease.

In OSA patients, nocturnal myocardial ischaemia,
demonstrated by ST-wave depression, was seen exclu-
sively if the patients also had coronary artery disease
(CAD). Ischaemic episodes occurred predominantly
during long apnoeas with profound hypoxia in REM-
sleep, and were unaffected by nitrates. PVCs were not
recorded during the ischaemic phases. Concomitant OSA
did not seem to increase the frequency of complex PVCs
in 78 patients with CAD, shown by coronary angiogram
[49]. RDI was >10 episodes-h-! in 27 of the 78 patients,
but there was no difference in PVCs, both qualitatively
and quantitatively during wakefulness or sleep, in pati-
ents with or without OSA.

Summarizing these findings, the pathophysiological
mechanisms involved in the generation of PVCs are
complex in OSA patients. The prevalence data from
early studies seem high when compared with more recent
work.

Severe OSA with marked desaturation may constitute
an additional risk factor for complex PVCs in patients
with concomitant CAD. Whereas, the role of severe
hypoxaemia is undisputed, the influence of sleep state,
haemodynamic changes, and cardiovascular disease has
to be further evaluated.

Arterial hypertension and OSA

Arterial hypertension is common and is a major risk
factor for the development of cardiovascular diseases,
including myocardial infarction, stroke and heart failure.
In 95% of hypertensive patients, no obvious cause for
the blood pressure elevation can be found [50]. Twenty
four hour blood pressure monitoring demonstrates that
"non-dippers", patients without the physiological noc-
turnal decrease in blood pressure (BP), have an increa-
sed morbidity and mortality compared to "dippers".
"Non-dipping" has long been recognized in patients with
secondary arterial hypertension (AHT). A significant
proportion of patients with essential AHT also demon-
strate "non-dipping" on 24 h BP monitoring [51]. As
most of the time during the night is spent sleeping, the
effects of sleep on BP, as described by CoccacNa et al.
[52], is certainly of great importance. Studies looking
at the effect of sleep-disordered breathing, especially
OSA, on nocturnal blood pressure, have shown the pro-
found influence of OSA on BP [53]. In a large number
of patients, hypertension is caused by OSA. Increased
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(cardiovascular) morbidity and mortality have been shown
to be long-term consequences of OSA [20, 54-56].

The San Marino study represents the first demonstra-
tion of a link between snoring (as a symptom of OSA)
and arterial hypertension [57]. Further studies have
revealed that OSA is present in at least 30% of hyper-
tensive patients [58—61]. Our own data and those of
others demonstrate that approximately 45% of patients
with OSA also have arterial hypertension [62]. Some
researchers have argued against the role of OSA as an
independent factor causing hypertension [63, 64]. How-
ever, the strongest evidence in favour of OSA as a cause
for hypertension is the significant decrease or even norma-
lization in blood pressure during nCPAP treatment [65],
without changes in weight or medication.

Alterations in circadian blood pressure profile are of
considerable diagnostic value, as several studies have
demonstrated increased morbidity and mortality in "non-
dippers" compared to "dippers" [66]. The risk for stroke
was 24% in "non-dippers" vs 3% in "dippers" [51]. Left
ventricular muscle mass index was elevated only in
"non-dippers" and significantly higher in "non-dippers"
compared to "dippers", despite the fact that there were
no differences in daytime blood pressure [66]. Fifty per-
cent of 140 patients studied after a stroke were "non-
dippers", and in 25% of these patients nocturnal blood
pressure was higher than diurnal [67]. In our opinion,
the epidemiological data show that OSA represents an
additional risk factor contributing to cardiovascular dis-
ease and may dramatically influence blood pressure in
the individual patient (fig. 8).

Numerous haemodynamic changes occur during sleep
and these changes are sleep stage dependent [52, 68,
69]. In REM-sleep haemodynamic parameters are more
variable while blood pressure rises [53]. The marked
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Fig. 8. — Continuously recorded arterial blood pressure (Pa); mea-
sured invasively, heart rate (HR) and Sa,0, together with the hypno-
gram from midnight to 6.30 a.m. in an untreated obstructive sleep
apnoea (OSA) patient (Al 54 episodes-h'!). During REM-sleep peri-
ods, blood pressure and heart rate variability, as well as oxygen desat-
uration are more pronounced than during NREM periods (S1 to S4)
or wakefulness (W). bpm: beats'min’!; EEG: electroencephalogram.
For further abbreviations see legend to figures 2 and 7.
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Fig. 9. — Transition from NREM- to REM-sleep. During REM-sleep,
the systolic and diastolic arterial blood pressure (Pa) measured inva-
sively, increase. Furthermore, with the longer apnoeic episodes and
more pronounced oxygen desaturation seen in REM-sleep, blood pres-
sure is much more variable. EOG: electro-oculogram. For further
abbreviations see legends to figures 2 and 7.

increase in blood pressure during REM compared to
NREM is demonstrated in figure 9 in an OSA patient.

In OSA, hypoxia increases sympathetic tone via chemo-
and baroreflex activation [31, 70], thus increasing blood
pressure. Increased negative intrathoracic pressure cau-
sing increased venous return [71-73], and arousal from
sleep in association with apnoeic events [74] also con-
tributes to the rise in blood pressure seen in OSA.

Although an increase in muscle sympathetic nerve
activity (MSA) has been demonstrated towards the ter-
mination of an apnoeic event [75], the mechanism caus-
ing a tonic increase in MSA both during wakefulness
and at the transition from NREM to REM sleep in OSA
remains unclear. Changes in pulsatile secretion of the
renin-angiotensin system and atrial natriuretic peptide,
which are vital hormones in regulating blood volume,
have been demonstrated. These changes are reversed by
nCPAP treatment [76-78].

Our own experience from invasive arterial blood pre-
ssure recordings shows that there is no uniform blood
pressure profile both during wakefulness and sleep in
OSA patients. Besides influencing short-acting regula-
tory mechanisms, long-acting control systems will be dis-
turbed by OSA, which may lead to a change in the target
value of the central control and an impaired response to
physiological stress. Long-term effects of hypoxia, repe-
titive arousal and sleep fragmentation, along with chan-
ges in volume regulating hormones and the sleep-wake
cycle, are of special importance. Further efforts are
necessary to define the long-term effects of OSA on
haemodynamics and to evaluate the preventive effects of
early treatment.

Surprisingly, despite increasingly convincing evidence,
the diagnostic guidelines for hypertension [79], do not
consider the potentially important contribution of sleep-
related breathing disorders. As OSA is common and
because effective therapy is available, we feel it should
be normal clinical practice to, at least, ask hypertensive
patients about symptoms suggestive of OSA (snoring,
apnoeas and daytime sleepiness). Because a lack of sym-
ptoms does not exclude the presence of OSA, objective
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measurements may be required, especially in patients
with other cardiovascular diseases, such as myocardial
infarction or cerebrovascular disease.

The following findings are often due to OSA and should
lead either to diagnostic polysomnography or recordings
using ambulatory monitoring devices: 1) left ventricular
hypertrophy on echocardiogram; 2) absent nocturnal blood
pressure dip on 24 h BP monitoring (i.e. a fall of more
than 10% of the systolic and/or diastolic blood pressure);
and marked sinus arrhythmia on Holter-ECG monitor-
ing.

If arterial hypertension does not respond to treatment
and other secondary causes have been excluded, OSA
may often be the cause [80].

We have demonstrated that blood pressure treatment
without knowing the effect of treatment on blood pres-
sure during sleep has a limited value. Treatment with
antihypertensive medication should consider concomi-
tant disease, including OSA. Drugs should be evaluated
as to their suitability in patients with OSA and hyper-
tension. Many frequently used drugs, such as reserpine
and clonidine, may increase sleepiness. Beta-blockers
may aggravate bradycardia and heart block, and it has
been shown that metoprolol, for example, has no effect
on blood pressure during REM-sleep [81]. We there-
fore do not use these drugs in OSA patients as antihy-
pertensives. The choice of an adequate antihypertensive
drug is especially important in patients with mild OSA,
who are treated by a combination of behavioural mea-
sures and therapy for any concomitant disease. If nCPAP
is used, patients should be followed up closely at the
beginning of the treatment, as antihypertensive medica-
tion can be terminated in some patients and reduced in
others with successful nCPAP treatment.

State of the art antihypertensive treatment should aim
at sustained blood pressure normalization at rest and
during exercise, as well as during sleep. Left ventri-
cular hypertrophy should be reversed, the medication
should have no relevant side-effects, and any concomi-
tant metabolic disease should not be aggravated by their
use. Long-acting drugs are desirable, particularly with
respect to nocturnal action and for the benefits of increased
compliance likely with single dose medication. Our own
studies using Cilazapril in patients with OSA and hyper-
tension revealed that this long-acting angiotensin-con-
verting enzyme (ACE) inhibitor lowered blood pressure
effectively during the daytime and during all sleep stages
[82]. OSA is an important factor in patients with arte-
rial hypertension and should be considered both in terms
of diagnosis and treatment.

Summary and conclusions

In the early 1980s apnoea-induced cardiac arrhyth-
mias were thought to play a major role in the increased
mortality risk of OSA patients. However, the prevalence
of severe rhythm disturbances today seems confined to
cases of more severe OSA. Across the full spectrum of
OSA, the overall incidence of apnoea-induced arrhythmia
is lower than was originally suspected. Electrophysiolo-

gical studies in OSA patients with heart block are usu-
ally normal, supporting the hypothesis of TiLkiaN and
GuiLLEMINAULT and co-workers [26, 27, 29, 83] of an
increased vagal tone causing heart block in these pati-
ents. Predominantly nocturnal heart block or an increase
in PVC during sleep should be considered a symptom
suggestive of sleep-disordered breathing, and the appro-
priate diagnostic tests should be performed.

In contrast to cardiac arrhythmias, the relationship
between OSA, snoring and arterial hypertension have
attracted considerable attention in recent years. Cardio-
vascular disease remains the major cause of death in
industrialized countries. Arterial hypertension is con-
sidered to be the "number one killer". It is evident that
even patients with mild OSA, and snorers who do not
have the symptoms and features of "full-blown" OSAS,
experience phases of elevated blood pressure during sleep.
Mechanisms by which the nocturnal increase in blood
pressure, caused by sleep-disordered breathing, leads to
daytime hypertension have been reported. The fact that
treatment of OSA with nCPAP can normalize arterial
blood pressure adds further evidence to the aetiological
role of OSA in arterial hypertension.

Antihypertensive medication in OSA and in hyperten-
sive snorers should fulfil the requirements of sufficiently
lowering blood pressure, not only during wakefulness
but also during sleep, and of not aggravating OSA and
sleepiness. The enormous potential benefits of prevent-
ing and treating OSA, particularly with respect to the
prevention of cardiovascular morbidity and mortality,
should lead to the implementation of the investigation
and management of SRBD as a routine in cardiovas-
cular prevention programmes. The fact that, e.g. in 1980,
15% [65] of the resources in the German health system
were spent on the treatment of cardiovascular diseases,
emphasizes that the integration of sleep medicine into
prevention and treatment programmes will certainly be
of great economical benefit.

Accidents are a further area in which huge amounts
of health resources (13% in Germany in 1980) [84] are
spent. As hypersomnolence is one of the major causes
for single driver accidents, which especially affect young
people, this area holds considerable potential for im-
provement with the treatment of OSA and snoring. In
industrialized nations, physical requirements in the work-
place are reduced, but high levels of vigilance are need-
ed in order to fulfil control tasks in the automated working
environment. Lack of vigilance may, therefore, cause
severe and even catastrophic damage. Most vulnerable
are the areas of transport, chemical industries, power
plants, and other highly automated production processes.
Once again, integration of sleep medicine is necessary
and beneficial from both a medical and economical point
of view.

Sleep-disordered breathing should also be considered
more widely in andrology (impotence), endocrinology
(obesity, acromegaly, hypothyroidism), haematology (poly-
cythaemia) and anaesthetics (prevention of complications
following anaesthesia). In cardiology, apart from patients
with arrhythmias and arterial hypertension, those with
heart failure should also be investigated for possible links
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with sleep-disordered breathing in certain clinical cir-
cumstances. In kyphoscoliosis, restrictive chest wall dis-
orders and neuromuscular disease, diagnosis and treatment
of sleep-related breathing disorders (SRBD) are of crit-
ical importance in the management of the primary dis-
ease. In paediatrics SRBD are not only important in the
spectrum "near miss for sudden infant death" children or
for the Pickwickian type of children, but also in children
with growth retardation, enlarged tonsils or adenoids.
The same is true for patients with craniofacial malfor-
mation [85], especially if the upper airway is involved.
In psychiatry and psychosomatic medicine, not only the
classical sleep-wake disorders but also dementing process-
es and other psychiatric illnesses, such as depression,
should give rise to consideration of a role for SRBD in
the disease process.

Nasal ventilatory support is usually administered by
respiratory physicians who have expertise in the increas-
ingly complex field of noninvasive ventilation. Close
collaboration with other medical disciplines, particu-
larly neurology and psychiatry, will further aid the res-
piratory physician in dealing with the full spectrum of
SRBD. Such a "team approach" is the most beneficial
for the patient. The key to understanding SRBD and
upper airway obstruction for the respiratory physician is
that only a small part of the complex subject can be elu-
cidated by classical diagnostic tools in respiratory medi-
cine, such as blood gas analyses and lung function. The
role of diagnostic evaluation of breathing during sleep
is critical.
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