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Figure 1

Scheme of breathing
control (physiology).
(From: Martin TJ,
Sanders MH. Chronic
alveolar hypoventila-
tion: a review for the
clinician. Sleep
1995;18:617-34, with
kind permission.)
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Wakefulness, NREM sleep, and REM sleep are ac-
companied by specific changes in breathing control,
which arise from the interaction of automatic (meta-
bolic, involuntary) and bebavioural (voluntary and in-
voluntary control systems. Considering the complexity
in the neuroanatomy and neurophysiology of breathing
control, it is not suprising that neurologic disorders are
frequently accompanied by sleep disordered breathing.

An introduction on pathophysiology, clinical features,
diagnosis, and treatment of sleep disordered breathing
in such diseases as stroke, epilepsy, dementia, spinal cord
disease, polyneuropathies, and myopathies is presented.
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The control of breathing during wakefulness and sleep

A complex homoeostatic control system of
sensors (afferent input), a central controlling
mechanism and an effector system maintain arte-
rial blood gases (PaO,, PaCO;) and pH within nar-
row limits (fig. 1). The respiratory control system
output is system-dependent and is regulated by
two anatomically distinct but functionally inte-
grated elements, referred to as automatic (meta-
bolic, involuntary) and behavioural (voluntary and
involuntary) respiratory control systems [1-3]
(tig. 2). The automatic control system depends upon
respiratory neurons in the medulla, as already
recognised by Legallois in the 19th century and by
Lumsden at the beginning of the 20th century.
The normal inspiratory-expiratory cycle is gener-
ated by the interaction between a primary respira-
tory pacemaker (pre-Botzinger complex) in the
ventrolateral medulla [4] and other medullary res-
piratory centres in the nucleus tractus solitarius
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(dorsomedial medulla, mainly inspiratory) and in
the nuclei ambiguus and retroambiguus (ventro-
lateral medulla, inspiratory and expiratory). Effec-
tor neurons of respiration include bulbospinal mo-
toneurons of the nuclei ambiguus and hypoglos-
sus. The activity of these medullary breathing cen-
ters is modulated by vagal (O, receptors of aortic
paraganglia, mechanoreceptors from respiratory
tractand lungs) and glossopharyngeal afferents (O,
receptors of glomus caroticus), afferences and in-
fluences from pons and other supratentorial areas.
Pontine respiratory neurons are located in the lat-
eral tegmentum of the upper (Kolliker-Fuse nu-
cleus or pneumotaxic centre) and lower pons (ap-
neustic centre). The bebavioural control system,
whose neural elements originate from supratento-
rial and supramedullary structures and descending
(pyramidal and extrapyramidal) pathways, modu-
lates ventilation mainly for non-respiratory func-
tions such as phonation and eating.

Breathing during wakefilness is controlled by
both automatic and behavioural mechanisms. The
wakefulness stimulus (waking neural drive) repre-
sents a further stimulus for ventilation. At sleep
onset ventilation decreases as behavioural control
system output, metabolic rate and chemosensitiv-
ity decrease and upper airway resistance increases
(sleep-related hypotonia). Hypopnoeas, apnoeas
and periodic breathing may occur. In non-rapid
eye movement (NREM) sleep breathing is regular
as it is driven only by metabolic demands. During
rapid eye movements (REM) sleep breathing be-
comes irregular as expression of a control system
that is probably similar to that of wakefulness.
Hypopnoeas and apnoeas may occur particularly
during phasic REM activities, where ventilation is
at its lowest level.
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1 For definition/
classification and
nomenclature of
sleep disordered
breathing see
Littner and Shepard,
Sleep 1999;22:
665-89

Figure 2

Scheme of brainstem breathing control (anatomy).
Voluntary (shaded) and automatic (hatched) controls of
respiration at upper pons (a), medulla (b), and spinal
level (c).

PNC: pneumotaxic centre, PBm: nucleus parabrachialis
medialis, KF: Kolliker-Fuse nucleus, PCS: pedunculus
cerebellaris superior, TS: tractus solitarius, DRG: dorsal
respiratory group, VRG: ventral respiratory group, NA:
nucleus ambiguus, NRA: nucleus retroambiguus, Insp:
to inspiratory motoneurons, Exp: to expiratory neurons
(From: Vingerhoets F, Bogousslavsky J. Respiratory dys-
function. In Bogousslavsky J, Caplan L, eds. Stroke Syn-
dromes. Cambridge: Cambridge University Press; 2001,
with kind permission.)

Segmental neurology of disordered breathing

during wakefulness and sleep'

Considering the complexity in anatomy and
physiology of breathing control, neurological dis-
orders are expected to impair breathing during
wakefulness and/or sleep in different ways accord-
ing to type, extension, and topography of the le-
sion [5, 6]. Because of the convergence/overlap in
the brainstem of mechanisms controlling respira-
tion and other somatic and vegetative functions,
disorders of breathing in neurological patients are
often associated with a variety of sleep-wake and
autonomous deficits.

The mechanisms involved in patients with dis-
ordered breathing and neurological disorders can
be separated on the basis of topographic criteria:
1. Involvement of afferent inputs to the medullary

respiratory neurons (e.g. polyneuropathies,
spinal cord lesions). This may lead to obstruc-
tive or non-obstructive reduction or cessation
of airflow (central and obstructive hypopnoea and
apnoea).

2. Direct dysfunction of medullary wrespiratory
neurons (e.g. medullary stroke, multiple scle-
rosis, multisystem atrophy, encephalitis, po-
liomyelitis). This can be manifested by central
apnoea, alveolar hypoventilation, irregular
breathing (Biots or ataxic breathing), failure
of automatic breathing (Ondine’s curse), or
decreased CO; sensitivity during both wake-
fulness and sleep [7]. In these conditions in-
sufficient alveolar ventilation has been called
“Won'’t breathe” type of hypoventilation [7a].
Ondine’s curse may voluntarily be overcome
during wakefulness and decompensate during
sleep. These patients often also present dys-
phagia or dysphonia, indicating involvement
of the nucleus ambiguus in the ventrolateral
medulla. Ondine’s curse is usually due to bilat-
eral medullary lesions, though there are a few
exceptions in the literature [8, 9].

3. Involvement of the efferent respiratory control
at the level of respiratory neurons (e.g. po-
liomyelitis) or muscles (e.g. myasthenia gravis,
postmyelitis syndrome) may be accompanied
by central or obstructive hypopnoea/apnoea
and alveolar hypoventilation. In these circum-
stances insufficient alveolar ventilation has
been called “Can’t breath” type of hypoventi-
lation [7a]. Bilateral diaphragmatic weakness is
a feature of several neuromuscular disorders
which present with prolonged central apnoea
and mainly hypoventilation during REM sleep
(particularly during phasic events), paradoxical
abdominal movements, a restrictive pattern on
spirometric testing (especially when assessed in
the supine position), and blood gas analysis
showing hypoxia and hypercapnia. Patients
with isolated diaphragmatic weakness typically
remain eucapnic and oligosymptomatic during
wakefulness because intercostal and accessory
muscles (which are paralysed, in contrast to the
diaphragm, during REM sleep) are often suffi-
cient to maintain alveolar ventilation.

4. Dystunction of supramedullary breathing control

mechanisms may present a variety of forms
of disordered breathing (see also 4.). Cortical,
corticobulbar and corticospinal lesions may af-
tect volitional breathing partially (respiratory
apraxia) or completely (failure of voluntary
breathing) [10]. The lesion may be as high as
the frontal cortex and as low as the cervi-
comedullary junction [11]. These patients can-
not hold their breath or voluntarily change
their respiratory rate. Bilateral lesions in the
ventro-tegmental pons (e.g. following stroke,
tumours or multisystem atrophy) have been re-
ported to cause inspiratory breath holding (#p-
neustic breathing) or metronomically regular
and rapid breathing (central neurogenic hyper-
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Figure 3

Sleep disordered
breathing in acute
stroke. 50-year-old
patient with mild,
unilateral middle
cerebral artery stroke
(National Institute of
Health Stroke Score =
NIH = 8) and severe,
mainly obstructive
sleep apnoea syn-
drome (Apnoea-Hy-
popnoea-Index = AHI
= 47). Sleep study 3
days after stroke:
prolonged obstruc-
tive respiratory event
during NREM sleep
with oxygen desatu-
ration to 54% is
shown (from conven-
tional polysomnogra-
phy).
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Figure 4

Sleep disordered
breathing in acute
stroke. 68-year-old
patient with moder-
ately severe, unilat-
eral thalamo-mesen-
cephalic stroke (NIH
= 12) and severe,
mainly central sleep
apnoea syndrome
(AHI = 45). Sleep
studies 2 days after
stroke (from conven-
tional polysomnogra-
phy) demonstrating
the presence of cen-
tral periodic apnoea.
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ventilation) [12-15]. In patients with pon-
tomedullary lesions (e.g. in association with
stroke, multisystem atrophy, multiple sclerosis
or tumours), complex abnormalities of volun-
tary and automatic breathing can be observed.
Patients exhibit disorders during wakefulness

and sleep including irregular breathing (c/uster
breathing), central apnoeas during wakefulness
and sleep, hiccup, inspiratory breath holding
and stridor during sleep (see also 4.).

The contribution of neurogenic factors to the
pathophysiology of the two most common forms
of sleep disordered breathing (SDB), Cheyne-Stokes
breathing (CSB) and obstructive sleep apnoa (OSA),
remains poorly understood, as is also proven by
their high prevalence in such disorders as stroke
and neurodegenerative diseases (fig. 3 and 4). The
cyclic fluctuation in breathing amplitude with pe-
riods of central apnoea/hypopnoea alternating
with periods of hyperpnoea called CSB (fig. 4) may
be related to CO; hypersensitivity induced by bi-
lateral supratentorial lesions [16]. This abnormal-
ity is also reflected by the presence in these patients
of posthyperventilation apnoea during wakefulness.
The presence of bilateral supratentorial or pontine
lesions may be crucial for the appearance of CSB
already during wakefulness [16-18]. In these pa-
tients a decreased level of consciousness and espe-
cially heart failure are additional predisposing fac-
tors. Conversely, CSB only during sleep can also
be seen in patients with unilateral lesions of vari-
able topography and without a disturbed level of
consciousness or heart failure [19, 20]. Disturbed
coordination of upper airway, intercostal and di-
aphragmatic muscles due to brainstem or hemi-
spheric lesions may favour the appearance of OSA.
Finally, CSB and OSA potentiate each other [21].

In patients with neurological disorders,
breathing disturbances are often of multifactorial
origin. This is the case for example of SDB and
neurogenic hyperventilation observed in stroke
patients. In addition to the neurological disorder
per se, pre-existing cardiorespiratory conditions
(e.g. OSA and heart failure) and indirect compli-
cations of brain damage (e.g. aspiration, lung
oedema, immobility, respiratory infection in
stroke patients) may favour the appearance of OSA.

Clinical features

Several studies have suggested that in patients
with brain damage the frequency of breathing dis-
turbances may be higher during sleep than during
wakefulness [20, 22]. For example, CSB is highly
prevalentin acute stroke patients during sleep [19],
but only in a minority are also present during
wakefulness. The severity and type of SDB may
vary during sleep according to sleep stages and
body position [23]. For example, OSA tends to be
more accentuated in REM sleep whereas CSB is
chiefly present in light NREM sleep and usually
disappears in REM sleep.

Sleep disordered breathing may present a va-
riety of symptoms and signs that are sometimes
misinterpreted and attributed to the underlying
neurological disorder. Night-time symptoms of SDB

include difficulty in falling asleep (sleep-onset in-
somnia); respiratory noises (snoring, stridor); ir-
regular or periodic respiration; apnoea; agitated
sleep with increased motor activity and frequent
awakenings (sleep-maintenance insomnia), sudden
awakenings with choking sensations, shortness of
breath, palpitations, “panic attacks”, orthopnoea
and increased sweating. Finally, in patients with
severe hypoventilation arousal responses can be
suppressed by the increasing sleep debt and lead to
death during sleep. Day-time symptoms of SDB may
be headache, excessive daytime sleepiness, altered
mentation with concentration and memory diffi-
culties, irritability and depression. Some patients
may also exhibit breathing abnormalities during
wakefulness including dyspnoea, apnoea, inspira-
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tory breath holding, irregular breathing, rapid-
shallow breathing, CSB, hiccup, and much more.
Disturbances of sleep-wake, bulbar (phonation,
deglutition, coughing), and cardiovascular func-
tions can also be observed.

Consequences of SDB include recurrent noctur-
nal hypoxia, cardiovascular morbidity with sys-
temic and pulmonary hypertension, and brady-
tachyarrhythmias, hypercoagulability [21a]; sleep

fragmentation with decrease in amounts of slow

wave sleep and REM sleep; excessive daytime
sleepiness; neuropsychological deficits; and aspira-
tion/infections. The impact of breathing distur-
bances on the course and outcome of neurological
disorders has been only rarely investigated. In pa-
tients with acute stroke the presence of breathing
disturbances during wakefulness represents a bad
prognostic sign [22, 24]. In patients with stroke
and multisystem atrophy the presence of SDB has
been shown to herald a poor outcome [25-27].

Specific neurological disorders associated with sleep disordered breathing

Stroke

Several prospective studies on hundreds of
patients have documented a 50-60% prevalence
of SDB in patients with acute stroke [21, 28-30].
The most common form of SDB is OSA, some
patients having CSB or a combination of both
OSA and CSB (fig. 3, [20]). Other breathing dis-
turbances (see also 2.) are less common. The pres-
ence of OSA should be suspected particularly in
male and elderly patients with diabetes and night-
time onset of TIA/stroke [21, 31]. A similar SDB
prevalence in patients with TIA and stroke sug-
gests that SDB more often precedes than follows
the onset of cerebrovascular events [28, 30]. Nev-
ertheless, acute stroke may aggravate pre-existing
SDB or even cause it “de novo”. In line with this
assumption, improvement of SDB often occurs in
the recovery phase after stroke [30]. The presence
of SDB in stroke patients seems to herald a worse
longterm outcome [25, 32]. This may be related
to OSA complications such as hypertension, car-
diac arrhythmias, decreased cerebral blood flow,
and hypoxia-induced accelerated atherosclerosis,
or to comorbidity. Two key questions about the
link between SDB and cerebrovascular diseases
are still unanswered: (1) is OSA an independent
risk factor for stroke, as is the case for habitual
snoring [33]? (2) does CPAP treatment reduce
cerebrovascular morbidity in patients with and
without a history of cerebrovascular events?

Epilepsy

Sleep disorders in patients with epilepsy have
rarely been investigated. A recent prospective
study found a 33% prevalence of SDB (defined by
an AHI >5) in 39 patients with medically refrac-
tory epilepsy [34]. Obese males with sleep-associ-
ated seizures and excessive daytime sleepiness
should particularly be suspected [35, 36]. Sleep
deprivation, hypoxaemia, and an increased num-
ber of arousals are the possible mechanisms by
which OSA may aggravate epilepsy. About one
third of patients with both epilepy and OSA may
enjoy improved seizure control with CPAP treat-
ment alone [37, 38]. Less commonly, epilepsy may
aggravate OSA as a consequence of uncontrolled
(nocturnal) seizures or weight gain due to anti-
epileptics (e.g. valproic acid). Occasionally, apnoea

may be directly due to epileptic seizures in the
absence of SDB [39]. Vagal stimulation for re-
fractory epilepsy may affect sleep breathing con-
trol, with a reduction in airflow and effort, which
may aggravate a pre-existing OSA [39a].

Neurodegenerative disorders

Patients with Alzbeimer’s disease have a
33-53% prevalence of SDB, which may not be
much higher than in the elderly healthy popula-
tion. Involvement of upper airway muscles and in-
creased prevalence of SDB (of unknown clinical
relevance) were also reported in idiopathic Parkin-
son’s disease (PD) [40, 41]. Patients with PD may
also exhibit respiratory apraxia or irregular/rapid
breathing during wakefulness and REM sleep [42].
Patients with multisystem atrophy (MSA) may pres-
ent a variety of breathing abnormalities during
both wakefulness and sleep. Stridor (in inspiration
or expiration), snoring, obstructive and central ap-
noea and hypopnoea, irregular breathing, CSB,
apneustic breathing and Ondine’s curse may be
present in the absence of major subjective com-
plaints. Typically, no pulse rate or blood pressure
changes are seen in the course of respiratory events
and arousals, and hypercapnic and hypoxic venti-
latory responses are abnormal. Breathing abnor-
malities may vary according to sleep-wake state,
body position (more in the supine or erect posi-
tion), or stage of the disease and represent a risk
factor for sudden death in sleep. Neuronal loss in
the tegmentum of pons and medulla is the usual
autoptic correlate of breathing disturbances.

Spinal cord diseases

In a recent study of 30 patients SDB was found
to be present in 1 of 13 patients with syringomyelia
and 13 of 17 patients with syringobulbia [43]. Pro-
longed central, mixed, and obstructive apnoea, se-
vere oxygen desaturation, and apneoa and irregu-
lar breathing during wakefulness were observed
despite the absence in most cases of subjective
symptoms. Dysphagia and dysphonia, but not the
size of cavity on MRI, were predictive of SDB.
Arnold-Chiari malformation may be complicated by
OSA, central hypoventilation, and other forms of
SDB including respiratory arrest occurring during
sleep or postoperatively [44]. After antero-lateral
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cordotomy for cancer-pain SDB can be observed,
thus confirming the importance of this afferent
input for normal breathing [45]. Poliomyelitis and
post-polio syndrome may be associated with complex
breathing disturbances during wakefulness and
sleep, reflecting the variable involvement of brain-
stem, spinal cord, peripheral nerves, and chest wall
in these disorders.

Polyradiculopathies and -neuropathies
Significant SDB may occasionally be observed
in patients with Guillain-Barré syndrome and
polyneuropathies affecting the autonomic nervous
system or the phrenic, vagal, or pharnygeal nerves.
Neuromuscular disorders. SDB often precedes
the onset of respiratory insufficiency in patients
with neuromuscular disorders. In a consecutive se-
ries of 60 patients attending a neuromuscular
clinic, 80% of patients had an AHI >5 and 42% an
AHI >15. Clinical characteristics (muscle func-
tions) and spirometry are not always predictive of
the presence of SDB. Fatigue and excessive day-
time sleepiness maybe the first symptoms of SDB,
whereas rapid-shallow breathing may signal the
onset of respiratory failure. The first signs of SDB
in neuromuscular disorders are often prolonged

hypopnoea or hypoventilation during phasic REM
sleep (REM sleep hypoventilation) in the supine po-
sition, indicating significant diaphragmatic weak-
ness. Diaphragmatic weakness is the major cause
of SDB and respiratory failure in acid maltase defi-
ciency [46]. In patients with mzyotonic dystrophy SDB
a combination of central and obstructive compo-
nents is often found [47, 48]. Patients may become
symptomatic with excessive daytime sleepiness in
the first decade of life. Sleepiness and SDB are due
in these patients to neuromuscular weakness but
also to neuronal degeneration in the reticular for-
mation of the medulla [49]. In amyotrophic lateral
sclerosis hypoventilation is the dominant feature.
SDB is usually a late complication of the disease,
although acute respiratory failure may in rare cases
be among the presenting manifestations [50]. In
generalised myasthenia gravis SDB and diaphrag-
matic weakness may be found (in 11 of 20 cases in
one study), even in clinically well-controlled pa-
tients [51].

Others. Treatment of OSA in patients with 7zi-
graine and cluster beadache can result in significant
improvement of headache control [52]. A few stud-
ies have suggested increased frequency of central
and obstructive events in patients with narcolepsy.

Diagnosis and treatment

Diagnosis

Diagnosis of SDB in neurological patients re-
quires a high degree of suspicion, particularly in
disorders known to have a strong association with
SDB (e.g. stroke) or with a chronic-progressive
course (e.g. Shy-Drager syndrome, syringobul-
bia), since in such patients subjective symptoms
may be minimal. In the setting of acute brain dam-
age (e.g. stroke) the use of intelligent CPAP ma-
chines (that is CPAP devices with diagnostic and
treatment mode) or respiratory polysommnography
may represent an alternative to comventional
polysomnography [30]. Detailed pulmonary function
testing in awake subjects, including quantitative po-
sitionally dependent changes in vital capacity, var-
ious respiratory tests and blood gas analysis should
be obtained [53]. A reduction in inspiratory vital
capacity of 20% or more in the supine posture sug-
gests diaphragmatic weakness and is predictive of
SDB in patients with maltase deficiency [46]. Res-
piratory failure can be anticipated by a ventilatory
capacity reduction of 50% or more [3].

Treatment

Treatment of SDB in neurological patients
may represent a major clinical, technical, and lo-
gistical challenge. Treatment programmes should
always include management of the underlying ill-
ness, prevention of secondary complications (e.g.
aspiration, respiratory infections), and general
measures such as cautious use or avoidance of al-
cohol, sedative-hypnotic drugs and perioperative

anaesthetics. Continuous positive airway pressure
(CPAP) is the treatment of choice for OSA. Bi-level
positive airway pressure (BiPAP) applied through
a nasal or full face mask, or more sophisticated
forms of noninvasive ventilation, are preferred in
neuromuscular patients with hypoventilation [53].
A detailed discussion of ventilatory options and
strategies in patients with sleep disordered breath-
ing is beyond the scope of this review. Compliance
to CPAP is reduced by such neurological problems
as dementia, aphasia, anosognosia, pseudobul-
bar/bulbar palsy, hemiparesis or hypo-/akinesia.
Improvement of CSB can be obtained with oxygen,
occasionally with BiPAP and in the near future
probably with more sophisticated devices. Adap-
tive servo-ventilation, a novel method of ventila-
tory support, has been shown to suppress central
apnoea and/or CSB in patients with heart failure
and to improve sleep quality more than CPAP or
oxygen [53a]. Theophylline, sedatives and opiates have
anecdotally been reported to improve CSB and
neurogenic hyperventilation, but should be used
with caution [54]. In a study of 5 conscious patients
with acute ischaemic stroke, theophylline (250 mg
i.v.over 1 hour) and oxygen inhalation by face mask
(2 I/min over 1 hour) resulted in normalisation of
breathing pattern and oxygen saturation (for the
short time of treatment) [19]. In a recent 5-day
trial theophylline reduced the number of episodes
of apnoea and hypopnoea and the duration of oxy-
gen desaturation during sleep in patients with CSB
and stable heart failure [54a]. Theophylline may
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induce seizures in patients with CSB related

to

neurological disorders [3]. Tracheostomy and

mechanical ventilation may improve survival in
some patients with central hypoventilation [27].
Diapbragmatic pacing is reserved for a few highly
specialised centres in the world [55].

Correspondence:

Prof. Claudio Bassetti
Neurologische Poliklinik
Universititsspital Ziirich
Frauenklinikstrasse 36

CH-8006 Ziirich

E-Mail: claudio.bassetti@nos.usz.ch

References

7

)

10

11

12

13

14

15

16

17

18

19

20

21

21

)

Berger AJ, Mitchell RA, Severinghaus JW. Regulation of res-
piration. N Engl ] Med 1977, 297: 92-7, 138-143, 194-201.
Orem J, Kubin L. Respiratory Physiology: Central Neural
Control. In: Kryger MH, Roth T, Dement WC, eds. Princi-
ples and practice of Sleep Medicine. Philadelphia: W.B. Saun-
ders; 2000. p. 205-20.

Caruana-Montaldo B, Gleeson K, Zwillich CW. The control
of breathing in clinical practice. Chest 2000;117: 205-25.
Smith JC, Ellenberger HH, Ballanyi K, Richter DW, Feldman
JL. Pre-Botzinger Complex: A brainstem region that may gen-
erate respiratory rhythm in mammals. Science 1991;254:
726-9.

Plum F, Posner JB. The diagnosis of stupor and coma. Philadel-
phia: FA. Davis Co.; 1980.

Simon RP. Breathing and the nervous system. In Aminoff MJ,
ed. Neurology and General Medicine. New York: Churchill
Livingstone; 2001. p. 1-21.

Morrell MJ, Heywood P, Moosawi SH, Guz A, Stevens J. Uni-
lateral focal lesions in the rostral medulla influence chemosen-
sitivity and breathing measured during wakefulness, sleep, and
exercise. ] Neurol Neurosurg Psychiat 1999;67:637-45.
Martin TJ, Sabders MH. Chronic alveolar hypoventilation: A
review for the clinician. Sleep 1995;18:617-34.

Deveraux MW, Keane JR, Davis RL. Automatic respiratory
failure associated with infarction of the medulla. Arch Neurol
1973;29:46-52.

Levin BE, Margolis G. Acute failure of automatic respirations
secondary to unilateral brainstem infarct. Ann Neurol 1977;1:
583-6.

Munschauer FE, Mador J, Ahuja A, Jacobs L. Selective paral-
ysis of voluntary but not limbically influenced automatic res-
piration. Arch Neurol 1991;48:1190-2.

Newsom-Davis J. Autonomous breathing. Arch Neurol
1974;30:480-3.

Plum F, Swanson AG. Central neurogenic hyperventilation in
man. Arch Neurol Psychiat 1959;81:535-49.

Plum E Alvord EC. Apneustic breathing in man. Arch Neurol
1964;10:101-12.

Siderowf L], Balcer L], Kenyon LC, Nei M, Raps EC, Galetta
SL. Central neurogenic hyperventilation in an awake patient
with pontine glioma. Neurology 1996;46:1160-2.

Cohn FS, Lapham LW, Hamill RW. Central neurogenic hy-
perventilation: clinical-pathological correlations. Ann Neurol
1985;18:163-4.

Brown HW, Plum F. The neurologic basis of Cheyne-Stokes
respiration. Am J Med 1961;30:849-69.

Lee MC, Klassen AC, Resch JA. Respiratory pattern distur-
bances in ischemic cerebral vascular disease. Stroke 1974:5:
612-6.

Lee MC, Klassen AC, Heaney LM, Resch JA. Respiratory rate
and pattern disturbances in acute brainstem infarction. Stroke
1976;7:382-5.

Nachtmann A, Siebler M, Rose G, Sitzer M, Steinmetz H.
Cheyne-Stokes respiration in ischemic stroke. Neurology
1995;45:820-1.

Bassetti C, Aldrich MS, Quint D. Sleep-disordered breathing
in patients with acute supra- and infratentorial stroke. Stroke
1997;28:1765-72.

Bassetti C, Aldrich M. Sleep apneain acute cerebrovascular dis-
eases. Final report on 128 patients. Sleep 1999;22:217-23.
Geiser T, Buck F, Meyer BJ, Bassetti C, Haeberli A, Gugger
M. In vivo platelet activation is increased during sleep in pa-
tients with obstructive sleep apnea syndrome. Respiration 2002
(in press).

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

39

[

40

41

42

North JB, Jennett S. Abnormal breathing patterns associated
with acute brain damage. Arch Neurol 1974;31:338-44.
Power WR, Mosko SS, Sassin JE. Sleep-stage dependent
Cheyne-Stokes respiration after cerebral infarct: a case study.
Neurology 1982;32:763-6.

Rout MW, Lane DJ, Wollner L. Prognosis in acute cere-
brovascular accidents in relation to respiratory pattern and
blood gas tensions. Br Med J 1971;3:7-9.

Good DC, Henkle JQ, Gelber D, Welsh J, Verhulst S. Sleep-
disordered breathing and poor functional outcome after stroke.
Stroke 1996;27:252-9.

Munschauer FE, Loh L, Bannister R, Newsom-Davis J. Ab-
normal respiration and sudden death during sleep in multiple
system atrophy with autonomic failure. Neurology 1990;40:
677-9.

Silber MH, Levine S. Stridor and death in multiple system at-
rophy. Mov Disord 2000;15:699-704.

Bassetti C, Aldrich M, Chervin R, Quint D. Sleep apnea in the
acute phase of TIA and Stroke. Neurology 1996;47:1167-73.
Wessendorf TE, Teschler H, Wang Y.M, Konietzko N,
Thilmann AF. Sleep-disordered breathing among patients with
first-ever stroke. ] Neurol 2000;247:41-7.

Parra O, Arboix A, Bechich S, et al. Time course of sleep-
related breathing disorders in first-ever stroke or transient
ischemic attack. Am ] Resp Crit Care Med 2000;161:375-80.
Bassetti C, Milanova M, Gugger M. Sleep apnea in acute
ischemic stroke: Risk factors and evolution. Cerebrovasc Dis
2000;10(suppl 2):103.

Dyken ME, Somers VK, Yamada T, Ren Z, Zimmermann M.B.
Investigating the relationship between stroke and obstructive
sleep apnea. Stroke 1996;27:401-7.

Partinen M, Palomiki H. Snoring and cerebral infarction.
Lancet 1985;2:1325-6.

Malow B, Levy K, Maturen K, Bowes R. Obstructive sleep
apnea is common in medically refractory epilepsy patients.
Neurology 2000;55:1002-7.

Devinsky O, Ehrenberg B, Barthalen GM, Abramson HS, Lu-
ciano D. Epilepsy and sleep apnea. Neurology 1994;44:
2060-4.

Malow BE, Bowes RJ, Lin X. Predictors of sleepiness in
epilepsy patients. Sleep 1997;20:1105-10.

Malow BA, Fromes GA, Aldrich MS. Usefulness of
polysomnography in epilepsy patients. Neurology 1997;48:
1389-94.

Hollinger P, Gugger M, Hess CW, Bassetti C. Epilepsy and
obstructive sleep apnea. Sleep 2000;23(Abstract Suppl 2):
A279.

Nashef L, Walker F, Allen P, Sander WAS, Shorvon SD, Fish
DR. Apnoea and bradycardia during epileptic seizures: relation
to sudden death in epilepsy. ] Neurol Neurosurg Psychiatry
1996;60:297-300.

Malow BA, Edwards, J, Marzec M, Sagher, O, and Fromes G.
Effects of vagus nerve stimulation on respiration during sleep.
Neurology 2000;55:1450-4.

Vincken WG, Gauthier SG, Dollfuss RE, Hanson RE, Da-
rauay CM, Cosio MG. Involvement of upper-airway muscles
in extrapyramidal disorders. N Engl ] Med 1984;16:438-42
Hardie R], Efthimiou J, Stern GM. Respiration and sleep in
Parkinson’s disease (letter). ] Neurol Neurosurg Psychiatry,
1986;49:1326

Apps MCP, Sheaff PC, Ingram DA, Kennard C, Empey DW.
Respiration and sleep in parkinson’s disease. ] Neurol Neuro-
surg Psychiatry 1985;48:1240-5.



SWISS MED WKLY 2002;132:109-115 - www.smw.ch

115

43

45

46

47

48

49

50

Nogués M, et al. Respiratory disturbances during sleep in sy-
ringomyelia and syringobulbia. Neurology 1999;52:1777-83.
Lam B, Ryan CF. Arnold-Chiari malformation presenting as a
sleep apnea syndrome. Sleep Med 2000;1:139-44.

Lahuerta J, Buxton P, Lipton S, Bowsher D. The location and
function of respiratory fibres in the second cervical spinal cord
segment: Respiratory dysfunction syndrome after cervical cor-
dotomy. ] Neurol Neurosurg Psychiatry 1992;55:1142-5.
Mellies U, Ragette R, et al. Teschler H. Sleep-disordered
breathing and respiratory failure in acid maltase deficiency.
Neurology 2001;57:1290-5.

Guilleminault C, Stoohs R, Quera-Salva MA. Sleep-related
obstructive and nonobstructive apneas and neurologic disor-
ders. Neurology 1992;42(suppl 16):53-60.

Cirignotta F, Mondini S, Zucconi M, Barrot-Cortes E, et al.
Sleep-related breathing impairment in myotonic dystrophy. J
Neurol 1987;235:80-5.

Ono S, Kanda F, Takahashi K, Fukuoka Y, Jinnai K, Kurisaki
H, Mitake S, Inagaki T, Nagao K. Neuronal loss in the
medullary reticular formation in myotonic dystrophy: A clini-
copathological study. Neurology 1996;46:228-31.

Chen R, Grand’Maison F, Strong M], Ramsay DA, Bolton CF.
Motor neuron disease presenting as acute respiratory failure: a
clinical and pathological study. ] Neurol Neurosurg Psychia-
try 1996;60:455-8.

51 Quera-Salva MA, Guilleminault C, Chevret S, et al. Breathing
disorders during sleep in myasthenia gravis. Ann Neurol
1992;31:86-92.

52 Zallek Nath S, Chervin RD. Improvement in cluster headache
after treatment for obstructive sleep apnea. Sleep Med 2000;1:
135-8.

53 Martin TJ, Sanders MH. State of the art review: Chronic alve-
olar hypoventilation. Sleep 1995;18:617-34.

53a Teschler H, Dohring J, Wang Y, Berthon-Jones M. Adaptive
pressure support servo-ventilation. Am J Respir Crit Care Med
2001;164:614-9.

54 McMichael J. Theophylline-ethylenediamine in Cheyne-
Stokes respiration. Lancet 1937/1:437-40.

54a Javaheri S, Parker TJ, Wexler L, et al. Effect of theophylline
on sleep-disordered breathing in heart failure. N Engl ] Med
1996;335:662-7.

55 Polkey MJ, Lyall RA, Moxham J, Leigh PN. Respiratory as-
pects of neurological disease. ] Neurol Neurosurg Psychiatry
1999;66:5-15.



Swiss
Medical Weekly

The many reasons why you should
choose SMW to publish your research

Official journal of

the Swiss Society of Infectious disease
the Swiss Society of Internal Medicine
the Swiss Respiratory Society

What Swiss Medical Weekly has to offer:

*  SMW’ impact factor has been steadily
rising, to the current 1.537

*  Open access to the publication via
the Internet, therefore wide audience
and impact

* Rapid listing in Medline

¢ LinkOut-button from PubMed
with link to the full text
website http://www.smw.ch (direct link
from each SMW record in PubMed)

* No-nonsense submission — you submit
a single copy of your manuscript by
e-mail attachment

* Peer review based on a broad spectrum
of international academic referees

* Assistance of our professional statistician
for every article with statistical analyses

* Fast peer review, by e-mail exchange with
the referees

*  Prompt decisions based on weekly confer-
ences of the Editorial Board

* Prompt notification on the status of your
manuscript by e-mail

* Professional English copy editing

* No page charges and attractive colour
offprints at no extra cost

Impact factor Swiss Medical Weekly

2 -
1.8
8 1.537
1.6
1.4
1.24 1.162
1 -
0.8 0.770
0.6
0.4
0. 2 | ‘777/7//7’ - o ‘7 - 7‘”’”””"
0 [fe} © ~ [ee] o o N (32} <
[} o [} [} [} o o o o
o o [} [} [} o o o o
— — — — — o~ o~ o~ o~

—&— Schweiz Med Wochenschr (1871-2000)

—#— Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001)

Editorial Board

Prof. Jean-Michel Dayer, Geneva

Prof. Peter Gehr, Berne

Prof. André P. Perruchoud, Basel

Prof. Andreas Schaffner, Zurich
(Editor in chief)

Prof. Werner Straub, Berne

Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam,

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
interest from all specialities, including experi-
mental medicine and clinical investigation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

=
EMH ‘-

Editores Medicorum Helveticorum

FMH
SCHWABE

Al manuscripts should be sent in electronic form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8

CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor:  letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch




