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ABSTRACT: The concept of central sleep apnoea or hypoventilation encompasses hypercapnic

central hypoventilation, such as obesity hypoventilation syndrome and eucapnic or hypocapnic

central sleep apnoea.

Among subjects with eucapnic or hypocapnic central sleep apnoea, several therapeutic options

are available for those with Cheyne–Stokes respiration (CSR). CSR is frequent in patients with

New York Heart Association stage III and IV chronic heart failure, and in various neurological

disorders. In these patients, treatment modalities include optimising cardiac condition and drugs,

such as theophylline, acetazolamide and/or oxygen. Ventilatory support, such as nasal

continuous positive airway pressure (CPAP), bi-level pressure support, or adaptive servo-

ventilation (ASV), has been shown to improve CSR in patients with cardiac failure; however,

convincing evidence that nasal CPAP improves life expectancy in these patients is lacking.

Nevertheless, the treatment of associated obstructive sleep-disordered breathing is indicated per

se, as it may improve cardiac function.

There is currently no proof that bi-level ventilation is superior to nasal CPAP. The few available

studies that have focused on ASV have shown satisfactory control of CSR in cardiac failure

patients. While ASV is not a first-line treatment choice, it appears to be superior to oxygen, CPAP

and bi-level pressure ventilation in controlling the apnoea/hypopnea index and probably sleep

fragmentation. As yet there are no data on mortality and, as such, firm conclusions cannot be

drawn as to the role of ASV in the management of cardiac failure patients suffering from CSR.

Obesity-related hypoventilation has increased dramatically over recent decades due to the

epidemic increase in obesity in the developed countries. Obesity hypoventilation syndrome

predisposes to the development of pulmonary hypertension and cor pulmonale. Noninvasive

home ventilation is increasingly applied in obese patients with hypercapnic respiratory failure,

however, initial mechanical ventilatory support can be reduced to nasal continuous positive

airway pressure in only a subset of these individuals.

KEYWORDS: Bi-level positive airway pressure, central sleep apnoea, continuous positive airway

pressure, hypoventilation, pharmacological treatment, sleep-disordered breathing

T
emporary cessation of neuronal activity in
the respiratory centres in the brainstem is
the basic mechanism of central sleep

apnoea. In contrast, obstructive sleep apnoea is
characterised by ongoing respiratory effort while
the upper airway is closed (fig. 1). A combination
of both types, known as mixed-sleep apnoea, is
also frequently observed in clinical practice.
Central sleep-disordered breathing (SDB)
includes hypercapnic central sleep apnoea, which
is part of the spectrum of the sleep-related
alveolar hypoventilation syndromes, and eucap-
nic/hypocapnic central sleep apnoea, which

physiologically results from the unmasking of
the ‘‘carbon dioxide (CO2) threshold’’ during
sleep. In the latter category, a peculiar type of
cyclic breathing, with waxing and waning breath-
ing patterns, is known as ‘‘Cheyne–Stokes
respiration’’ (CSR). CSR is a respiratory compli-
cation of chronic heart failure (CHF) and of
various neurological disorders, including
cerebro-vascular disease. Different treatment
options and strategies are available for central
sleep apnoea syndromes. The relative importance
of continuous positive airway pressure (CPAP),
bi-level positive airway pressure (BiPAP),
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adaptive servo-ventilation (ASV) and pharmacological regi-
mens in the treatment of central sleep apnoea will be discussed
in the present article.

SDB in obese patients poses a particular problem. Some
morbidly obese patients not only suffer from obstructive sleep
apnoea/hypopnoea syndrome (OSAHS), but also develop
chronic hypercapnic respiratory failure with diurnal and
nocturnal alveolar hypoventilation. This condition is known
as the ‘‘obesity-hypoventilation syndrome’’ (OHS) [1]. It
results from a combination of decreased chest wall compliance
related to adiposity, increased dynamic upper airway

resistance (especially during sleep) and blunting of the
ventilatory drive. It is unclear whether nasal CPAP should be
the first-line treatment in all of these patients, or whether bi-
level pressure support ventilation is the treatment of first
choice.

PATHOPHYSIOLOGY OF CENTRAL NONHYPERCAPNIC
SLEEP APNOEA
During sleep, breathing is controlled by afferent impulses
coming from peripheral and central chemoreceptors. The
wakefulness drive, comprising impulses from higher centres
in the brainstem and cortex, disappears at sleep onset. As a
result, ventilatory output is decreased and ventilation is
sustained by this reflex control system. Sensitivity of chemor-
eceptors also decreases during sleep, although variably
according to sleep stage. Hypercapnic ventilatory response
has been shown to be reduced in all sleep stages, and the
decrease is most pronounced during rapid eye movement
(REM) sleep. Hypoxic ventilatory response also decreases,
reaching two-thirds of the waking value during non-REM
sleep. The overall effect of chemical stimulation on breathing
during sleep depends, on one hand, on the magnitude of the
reduction of the receptor sensitivity and, on the other hand, on
the degree of hypoxaemia/hyperoxia or hypercapnia/hypo-
capnia. Ventilatory rhythmogenesis, in the absence of stimuli
associated with wakefulness, seems to be critically dependent
on chemoreceptor stimulation.

During non-REM sleep, central apnoea can occur after
hyperventilation when arterial carbon dioxide tension
(Pa,CO2) drops below a critical value, the so-called apnoeic
threshold usually located ,4.7 kPa. ‘‘Unmasking’’ of the CO2

apnoeic threshold occurs at the onset of sleep and leads to
cessation of ventilation [2]. Normal individuals seem to be
protected from developing this type of central apnoea by a
preceding increase in end-tidal CO2 tension, often occurring at
sleep onset. As ventilatory load compensation is reduced
during sleep, and upper airway resistance is increased,
resulting hypoventilation seems to be implicated in the
observed CO2 retention. The higher the CO2 apnoeic threshold,
the more central apnoeas will occur during sleep. The
significance of the CO2 threshold is best illustrated during
breathing at high altitude: chronic hyperventilation due to the
acclimatisation process causes Pa,CO2 to drop below the
apnoeic threshold. The apnoeic threshold is also stage-
dependent. In REM sleep, both phasic and tonic, there is
apparently no apnoeic threshold. Arousal can trigger hyper-
ventilation and induce hypocapnia that will lead to an apnoea
when sleep resumes and the Pa,CO2 decreases below the
apnoeic threshold.

Lung volume may influence oxygen (O2) saturation and
baseline chemical drives, but it may also influence pharyngeal
cross-sectional area, which decreases when functional residual
capacity (FRC) decreases. All these basic physiological princi-
ples are discussed in more detail in specific reviews [3–5]. Until
recently, upper airway patency was not considered relevant in
the pathogenesis of central apnoea; however, in recent years, it
has become clear that the upper airway may close during
central apnoea [6, 7]. The occlusion of the upper airway may
provide another stimulus for upper airway receptors and
provoke upper airway reflexes with associated apnoeas [8].

FIGURE 1. a) Central sleep apnoea. A stopped-breathing episode (zero airflow)

is associated with a cessation in respiratory effort. Respiratory activity is absent in the

thoracic and abdominal movement sensors and in the oesophageal pressure lead.

Breathing resumes after an electroencephalogram (EEG) arousal. b) Obstructive

sleep apnoea. Cessation of breathing (zero airflow) is evident despite ongoing

respiratory effort. Respiratory activity continues in the thoracic and abdominal

movement sensors. The oesophageal pressure lead shows increasing inspiratory

effort. Breathing resumes only after an EEG arousal. 1 cmH2O 5 0.1 kPa.
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A peculiar type of hypocapnic central sleep apnoea, char-
acterised by waxing and waning breathing patterns, is known
as CSR. CSR occurs physiologically at high altitude, and is
related to hypocapnia induced by hyperventilation in response
to hypoxia. CSR is also a respiratory complication of CHF, and
of various neurological disorders including cerebro-vascular
disease. It is common in patients with severe CHF. Up to 45%
of patients with a left ventricular ejection fraction of f40%
may suffer from this breathing disorder during sleep, impair-
ing quality of life and worsening survival [9, 10]. CSR in CHF is
more common in males, with advancing age, more severe heart
failure and in patients with atrial fibrillation [11, 12]. Daytime
hyperventilation may predispose to CSR by lowering CO2

towards the apnoeic threshold. Besides the unveiling of this
CO2 threshold, several other mechanisms are involved in
increasing loop gain and perpetuating the breathing instability
[13]. These include increased hypercapnic ventilatory
responses, increased intrathoracic lung water and blood
volume, stimulation of juxta-capillary receptors by interstitial
oedema, reduced lung volumes, decreased O2 uptake and CO2

production with age, reduced O2 and CO2 stores that increase
plant gain (i.e. responsiveness of blood gases to ventilatory
changes), sleep-stage transitions with associated respiratory
drive changes, delayed circulation time and abnormal upper
airway mechanics and reflexes.

TREATMENT OPTIONS OF CENTRAL
NONHYPERCAPNIC SLEEP APNOEA

General considerations
When looking for specific treatment options for central apnoea,
the pathogenic mechanisms mentioned above must be taken
into account. All treatments described will interfere with one
of the above mechanisms. Two main approaches can be
considered. The first is to decrease chemical drive; the second
is to try to lower the apnoeic threshold for CO2. Lowering
hypoxic ventilatory response can be obtained by pharmacolo-
gical interventions (e.g. codeine) that decrease the sensitivity of
the peripheral chemoreceptors. However, more conveniently,
breathing O2 decreases the stimulation of the peripheral
chemoreceptors, and thus alveolar ventilation, leading to
higher carbon dioxide tension (PCO2) values. The latter
prevents the CO2 level from dropping below the threshold.
O2 breathing will only be effective in patients with relatively
high hypoxic ventilatory responses [5]. Most effective, how-
ever, are interventions influencing the CO2 threshold itself.
Noninvasive ventilation is certainly another option that has
been reported to be effective in some patients. CPAP may
increase CO2 by inducing some rebreathing, but it may also
lower basic ventilatory drive, probably one of the more
important mechanisms [14, 15].

In summary, the choice of treatment options for idiopathic
central sleep apnoea must depend on the insight into the
pathogenetic mechanisms in general, and also those active in
the patients requiring treatment.

Pharmacological treatment of CSR
Benzodiazepines
Temazepam has been shown to reduce the respiratory related
arousals, but not to have an impact on CSR [16]; thus, this
therapy cannot be recommended.

Theophylline
Theophylline, a nonselective phophodiesterase inhibitor, inhi-
bits inflammatory mediators at supra-therapeutic concentra-
tions. Furthermore, it is an adenosine receptor antagonist [17].
Interestingly, CHF patients have a 3–4-fold increase in plasma
adenosine levels [18]. Adenosine inhibits respiration and
mediates excitatory effects by peripheral chemoreceptors [19].
Accordingly, theophylline increases minute ventilation, lowers
transcutaneous CO2 and nearly doubles plasma renin concen-
tration in both healthy subjects and heart failure patients [20].
These effects on ventilation and neurohumoral activation
might be disadvantageous in patients with severe CHF.

The use of short-term theophylline in CHF patients with CSR
was associated with a significant reduction in the apnoea/
hypopnea index (AHI), but no reduction in the frequency of
arousals or improvements in sleep structure or cardiac
function [21]. In a case report, theophylline was successfully
used to treat life-threatening central apnoeas in the setting of
normal ventricular function [22].

Acetazolamide
Acetazolamide is a carbonic anhydrase inhibitor that stimu-
lates central respiratory drive by causing a metabolic acidosis
[23]. In periodic breathing at high altitude, acetazolamide
reduces the frequency of central apnoeas and hypopnoeas [24].
In a study of normal subjects with induced periodic breathing
during sleep, NAKAYAMA et al. [25] showed that due to
metabolic acidosis induced by acetazolamide, the difference
between the prevailing PCO2 and the apnoeic threshold PCO2

increased and sleep apnoea was reduced.

In a double-blind, randomised controlled trial in heart failure
patients, acetazolamide reduced CSR and subjective percep-
tion of daytime sleepiness was improved [26]. However, some
caution is necessary as metabolic acidosis and induced
hyperventilation may be disadvantageous in CHF patients.

DE BACKER et al. [23] have shown that lowering the CO2

threshold with acetazolamide is highly effective in preventing
central apnoeas. Moreover, the effects induced by acetazola-
mide are long-lasting, suggesting that this compound induces
a resetting of the central drive (plasticity of the control system).

O2

The rationale for using O2 is that it increases O2 and CO2 stores
and suppresses the peripheral chemoreceptor drive, thereby
damping the respiratory control system. All clinical studies
showed that nasal O2 significantly improves periodic breathing
and virtually eliminates arterial desaturation [27–33]. In a
recent randomised trial, benefit over standard medical care in
left ventricular function and quality-of-life scores was demon-
strated [34].

Improvement in sleep quality was found in some [28, 30, 31],
but not all studies [32, 35]. In one randomised, placebo-
controlled study of intranasal O2 given for 1 week, an increase
in peak O2 consumption during exercise and a normalisation of
the hypercapnic ventilatory response was reported [30].
Another study documented significant reductions in overnight
urinary norepinephrine excretion in patients with stable CHF
and CSR while they were on nocturnal O2 during a 4-week
study [32]. In a recent study of 12-weeks’ duration, nocturnal
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O2 had no effect on either ventilatory efficiency during exercise
(shown by the minute ventilation/CO2 production slope) or
left ventricular ejection fraction [33]. Increased afterload
following O2 was reported, however, this response was seen
only with the acute administration of 100% O2 [36, 37].

In conclusion, nocturnal O2 clearly reduces CSR in a number of
well-controlled but small studies. However, there is no
convincing evidence of positive effects on cardiac function.
This must be seen in the context of a low propensity of
industry to fund adequately powered studies.

CO2

In CHF, nocturnal CO2 plus O2 eliminated CSR and increased
arterial O2 saturation, as well as mean transcutaneous CO2

tension, but markedly increased sympathetic activation [38]
and is thus disadvantageous in CHF.

BI-LEVEL PRESSURE SUPPORT VENTILATION VERSUS
CPAP IN PATIENTS WITH CSR RESPIRATION
CPAP and time-controlled bi-level pressure support ventilation
are both used to treat SDB in other conditions. CPAP requires a
spontaneously breathing patient and would be expected to be
ineffective for central apnoeas, whereas timed bi-level pressure
support ventilation is able to ventilate a patient even in the
absence of spontaneous respiratory effort and is theoretically, at
least superficially, a more logical mode. However, bi-level
pressure support ventilation could worsen CSR by reducing
CO2 levels further below the apnoeic threshold.

There are a number of studies investigating the effect of CPAP in
patients with CSR [27, 39–41], but few using bi-level pressure
support ventilation. In a case series of nine patients with
symptomatic CSR, diagnosed on overnight polysomnography
[42], noninvasive pressure preset ventilation almost completely
abolished CSR in all patients with a reduction in AHI from
49¡10 to 6¡5 events?h-1 (p,0.001). Arousal index was mark-
edly decreased from 42¡6 to 17¡7 events?h-1 (p ,0.001) and
sleep quality showed a trend towards improvement.

In a nonrandomised controlled trial [43], seven patients
received only conventional medications and a group of seven
patients received bi-level pressure support ventilation in
addition. In the control group, there were no significant
changes in cardiac function, whereas in the group that received
bi-level pressure support ventilation, there were significant
improvements in left ventricular ejection fraction (from
36.3¡2.9% to 46.0¡4.0%, p50.02), brain natriuretic peptide
(from 993.6¡332.0 pg?mL-1 to 474.0¡257.6 pg?ml-1, p50.02)
and New York Heart Association (NYHA) functional class
(from 3.1¡0.1 to 2.1¡0.1, p50.03).

In a short-term, randomised, controlled crossover trial,
KOEHNLEIN et al. [44] compared 14-day cycles of CPAP
(0.85 kPa) or bi-level pressure support ventilation (inspiratory
positive airway pressure 0.85 kPa and expiratory positive
airway pressure 0.30 kPa) in random order. A total of 16
patients with heart failure completed the study. There were no
differences between the two modes, with both improving
various measures during sleep and daytime. The pre-treatment
AHI of 26.7¡10.7 events?h-1 was reduced by both CPAP and
bi-level pressure support ventilation to 7.7¡5.6 (p,0.001) and
6.5¡6.6 events?h-1 (p,0.001), respectively. The arousal index

fell from 31.1¡10.0 to 15.7¡5.4 events?h-1 (p,0.001) and
16.4¡6.9 events?h-1 (p,0.001), respectively. Significant and
equal improvements with CPAP and bi-level pressure support
ventilation were found for sleep quality, daytime fatigue,
circulation time and NYHA class.

The available data suggest equivalence of CPAP and bi-level
pressure support ventilation. For reasons of cost, CPAP should
be the mode of choice with bi-level pressure support
ventilation reserved for those intolerant of CPAP. The role of
ASV will be discussed elsewhere. A key issue, however, is
whether any form of assisted ventilation is indicated in
patients with CSR. In a large multicentre study of 258 patients,
randomised to conventional therapy with or without CPAP
(Canadian Continuous Positive Airway Pressure for Patients
with Central Sleep Apnea and Heart Failure (CANPAP) trial),
there were no differences between the control group and the
CPAP group in the number of hospitalisations, quality of life or
atrial natriuretic peptide levels [45]. An early divergence in
survival rates favoured the control group, but after 18 months
the divergence favoured the CPAP group. Adverse haemody-
namic effects of CPAP have been seen in patients with atrial
fibrillation [46] and these patients were not excluded in this
study. The overall event rates (death and heart transplantation)
did not differ (32 versus 32 events, respectively; p50.54).
Although CPAP improved sleep-related abnormalities of breath-
ing, increased ejection fraction, lowered catecholamine levels
and increased walking distance, it did not affect survival [45].

The abnormality of ventilation during sleep is primarily a
consequence of a failing heart and optimisation of cardiac
function should be the first aim of therapy. For a subgroup of
patients, cardiac resynchronisation therapy has been shown to
reduce CSR [47, 48] and improve exercise capacity and quality
of life. One area in which CPAP clearly has a role is in the
treatment of co-existent obstructive sleep apnoea in patients
who also have cardiac failure [49]. In a 3-month parallel group
study [50], patients with CHF and obstructive sleep apnoea
(mean AHI 28 events?h-1, Epworth score 10) were treated with
CPAP or conventional therapy. CPAP treatment was asso-
ciated with significant improvements in left ventricular
ejection fraction (D 1.5¡1.4% versus 5.0¡1.0%, respectively;
p50.04), reductions in overnight urinary norepinephrine
excretion (D 1.6¡3.7 versus -9.9¡3.6 nmol?mmol-1 creatinine,
respectively; p50.036), and improvements in quality of life.
Furthermore, CPAP has been shown to reduce transmural
pressure and left ventricular afterload in CHF.

In conclusion, there is insufficient evidence to recommend bi-
level pressure support ventilation rather than CPAP in patients
with CSR. Indeed the question of whether positive pressure
ventilation is indicated for any patients with CSR remains open,
with current evidence suggesting not. The treatment of sympto-
matic obstructive sleep apnoea in patients with significant
cardiac failure is indicated in its own right, but patients may
gain additional benefits in terms of improved cardiac function.
Whether patients with heart failure who also have mild OSAHS
should be treated with CPAP remains open to debate.

ASV IN PATIENTS WITH CSR
CSR is related to heart failure severity and pulmonary capillary
wedge pressure. Control of heart failure can reduce CSR and
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all patients should have their medical treatment optimised
before the CSR is treated. Several medical treatments that have
been shown to reduce CSR will be reviewed elsewhere in the
present article. Current therapeutic options include angioten-
sin converting enzyme inhibitors [28], b-blockers [51, 52],
diuretics [53], digoxin, pacemakers [47], valve surgery [54] and
heart and lung transplantation [53]. If these interventions fail
to control CSR, O2 treatment may stabilise CSR prior to trials of
CPAP, bi-level pressure support ventilation or ASV.

ASV aims to stabilise periodic breathing, either in central sleep
apnoea or CSR, and predominantly in patients with CHF. The
ventilator measures breathing frequency and tidal volume. A
moving average minute volume is calculated. ASV aims to
deliver 90% of this recent minute volume to mimic the usual
reduction in ventilation with sleep onset that allows CO2 levels
to rise. During sleep, the initial part of the inspiratory effort
predicts tidal volume. Where tidal volumes are adequate to
achieve the target ventilation ASV delivers the minimum
pressure support. With CSR, as the central apnoea progresses
ASV delivers variable pressure support to maintain the target
minute ventilation by supporting tidal volume on a breath-by-
breath basis. Where there is absolute apnoea or a respiratory
pause, the target minute ventilation is delivered by a
combination of the highest pressure support and a backup
breath rate that mirrors recent respiratory frequency. With this
approach, fluctuations in blood gas tensions and sleep stage
are smoothed out allowing stabilisation of the periodic
breathing and reduced arousal. The ASV is set to a default
standard value of 0.5 kPa expiratory positive pressure, and to
deliver extra inspiratory pressure support varying between a
minimum of 0.3 kPa and a maximum of 1.0 kPa. Using these
default settings, expiratory positive pressure stays at 0.5 kPa
and inspiratory positive pressure varies between 0.8 and
1.5 kPa depending on the patient’s own inspiratory effort.

There are several nonrandomised, uncontrolled cohort studies
of ASV in CSR for durations of 3–24 months [55, 56]. TOPFER et
al. [55] reported 11 patients with CSR due to heart failure
(ejection fraction ,40%) treated with ASV for a period of
6 weeks. The average usage time of ASV was 5.8¡2.1 h?day-1.
With ASV, both AHI and arousal index were reduced. The
afternoon nap duration was significantly less, as was the
number of nocturnal voidings. There was a significant
improvement in heart-specific quality of life, as measured
with the Minnesota Living with Heart Failure Questionnaire
[55]. A further uncontrolled 12-month study [56] of ASV in 21
subjects with moderate-to-severe CSR confirmed a reduction in
AHI from 44.3 to 3.4 events?h-1 (p,0.0001). Nightly use
averaged 4.3 h?day-1. The authors also reported improved
oxygenation, increased slow-wave sleep, reduced arousal
index, improved cardiac function both on echocardiograms,
and increased 6-min walk distance. The heart failure quality-
of-life scales and Epworth sleepiness scale were not signifi-
cantly different pre- and post-study [56]. Of the randomised
controlled trials in this area of study, the first compared short-
term ASV with baseline, O2 therapy alone, CPAP and bi-level
pressure support ventilation. TESCHLER et al. [57] reported that
ASV treats sleep apnoea and improves sleep better than
control, O2 and CPAP. AHI reduced from 44.5 events?h-1

untreated to 28.2 events?h-1 on O2 and 26.8 events?h-1 on CPAP
(both p,0.001 versus control), 14.8 events?h-1 on bi-level

pressure support ventilation, and 6.3 events?h-1 on ASV
(p,0.001 versus bi-level). Arousal index decreased from
65.1 events?h-1 untreated to 29.8 events?h-1 on O2 and
29.9 events?h-1 on CPAP, to 16.0 events?h-1 on bi-level pressure
support ventilation and 14.7 events?h-1 on ASV (p,0.01 versus
all except bi-level). There were large increases in slow-wave and
rapid eye movement sleep with ASV but not with O2 or CPAP.
All subjects preferred ASV to CPAP. In a 2-yr follow-up report
published in abstract form, the authors suggested that,
compared with O2, ASV improved AHI, arousal frequency,
exercise capacity, ejection fraction and hospital admissions [58].

In a second, randomised controlled trial, 1-month of ther-
apeutic ASV was compared with a sub-therapeutic control
ASV device in 30 subjects with CSR (mean¡SD AHI
29.1¡22.7 events?h-1), and stable symptomatic chronic heart
failure (NYHA class II–IV). Compared with control, therapeu-
tic ASV treatment improved objective daytime sleepiness and
reduced brain natriuretic peptide, catecholamines and ventila-
tion; although there was no change in cardiac function or
quality-of-life measures [59]. More recently, PHILIPPE et al. [60]
have reported a 6-month randomised trial of ASV versus CPAP
in 25 patients with moderate-to-severe heart failure. Compared
with CPAP, the authors report that ASV was better tolerated
and improved AHI, left ventricular ejection fraction and
quality of life [60].

In summary, there is good evidence that ASV controls central
sleep apnoea and CSR. This treatment is superior to O2, CPAP
and bi-level pressure support ventilation in controlling AHI
and probably sleep fragmentation. There is a suggestion that
ASV improves quality-of-life scores and cardiac function, but
this has yet to be proven in large, prospective, randomised
trials.

CPAP VERSUS BI-LEVEL PRESSURE SUPPORT
VENTILATION FOR OHS
Patients with OHS have a decreased FRC and vital capacity, an
increased work of breathing due to reduced compliance and
increased elastic recoil of their respiratory system. The upper
airway resistance is increased in patients with associated
OSAHS. Decreased ventilation/perfusion ratios in the lower
lung zones and alveolar hypoventilation both contribute to
impaired gas exchange. Ventilatory responses to hypercapnia
and hypoxia are blunted. Resistance to the central nervous
system effects of leptin has been suggested as a cause of
decreased ventilatory response to CO2. OSAHS is often, but not
always, associated with OHS. Without adequate treatment,
patients with OHS develop pulmonary hypertension, cor
pulmonale and recurrent episodes of hypercapnic respiratory
failure. Indeed, obesity-associated hypoventilation without
ventilatory support is associated with excess morbidity and
mortality (23% at 18 months) [61].

One of the most striking findings in a study of home
noninvasive ventilation (NIV) in the Lake Geneva area [62]
was the impressive increase in use of NIV for patients with
OHS over the 8-yr follow-up period. Patients with OHS were
seldom prescribed NIV up to 1994. As of 1996, OHS became
the most common indication for NIV in the Lake Geneva area
study [62]. Interestingly, patients with OHS were not men-
tioned in either the French study on home NIV by LEGER et al.
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[63] or in the British study by SIMONDS et al. [64]. A report of the
French organisation for home care (Association Nationale pour
le Traitement a Domicile des Insuffisants Respiratoires
(France) ANTADIR) published in 1998 did not mention OHS
patients treated with NIV; only 2.7% of patients with OSAHS
were treated with bi-level pressure support ventilation, i.e.
8.5% of all patients under home mechanical ventilation in 1998.
In fact, only one recent study of 30 patients treated with home
mechanical ventilation included a substantial number (26%) of
patients with OHS [65]. Thus, the use of NIV in OHS is a rather
recent phenomenon in the history of home NIV.

EPIDEMIOLOGY OF OBESITY IN SWITZERLAND AND
OTHER EUROPEAN COUNTRIES
A Swiss National Health Survey [66] reported a prevalence of
grade II obesity (body mass index (BMI) .30 kg?m-2) of 5.4%
for the whole population; depending on age groups, the range
of prevalence of grade II obesity was 1.1–10.2% for males and
0.7–8.7% for females. However, prevalence of grade III obesity
(BMI .40 kg?m-2) was only 0.3% for males and 0.2% for
females. Prevalence rates of grade II obesity were similar to
data reported from the Netherlands (7.4% for males, 9.0 % for
females), Sweden (5.3% for males, 9.1% for females), and lower
than figures from England (13% for males, 15% for females) or
Germany (17.2% for males, 19.3% for females). Globally, in
Europe, there was a clear trend for an increase in the
prevalence of obesity, most often increasing during the 1980s
[67]. The major increase in class III obesity reported in the USA
over the past 40 yrs is noteworthy [68]. Although US figures
could well account for the spectacular rise of OHS patients
under NIV (30% of US adults had class II obesity in 2002,
according to the Centers for Disease Control and Prevention),
prevalence of class II and class III obesity in Europe do not
suffice to explain this trend. Increasing awareness of obesity-
related respiratory disorders by general practitioners and
pulmonary physicians is certainly contributive to the increas-
ing use of NIV in OHS.

VENTILATORY SUPPORT IN PATIENTS WITH OHS:
CPAP, BI-LEVEL PRESSURE SUPPORT VENTILATION OR
VOLUMETRIC NIV?
Positive pressure support in OHS decreases upper airway
resistance during sleep (pneumatic splinting), thus decreasing
the nocturnal work of breathing in subjects with associated
OSAHS, increases FRC and thus improves ventilation/perfu-
sion matching, and, when using a bi-level pressure support
ventilation device, unloads the respiratory muscles and
increases nocturnal ventilation to improve daytime and night-
time Pa,CO2. As strength of respiratory muscles is preserved in
most patients with OHS [62], and NIV has not been shown to
change the compliance of the respiratory system in OHS, NIV
most probably improves daytime arterial blood gases through
a resetting of respiratory centres and target values for Pa,CO2.
Recent studies have documented an improvement in ventila-
tory response to CO2 in subjects with OHS treated by bi-level
pressure support ventilation [69, 70].

The fact that the bi-level pressure support ventilation may
unload the respiratory muscles in patients with class III obesity
was demonstrated by PANKOW et al. [71], who studied 18
patients with simple obesity, OHS or OSAHS, measured

trans-diaphragmatic pressure and pressure-time index, and,
with low inspiratory positive airway pressure values up to
1.2 kPa, found a 46% reduction in diaphragmatic activity.

The first report of an alternative treatment to tracheostomy of
patients with severe OHS, cardio-respiratory failure and
associated OSAHS (Pickwickian syndrome) was published by
SULLIVAN et al. [72] in 1983. Low levels of CPAP apparently
improved daytime and nocturnal hypoventilation, and noc-
turnal arterial oxygen saturation (Sa,O2). With the advent of the
BiPAP, SANDERS and KERN [73] established that bi-level
pressure ventilation could be used to treat OSAHS at lower
levels of expiratory positive airway pressure, improving
acceptance to treatment. More recent reports showed that
short-term NIV could successfully treat patients with OHS,
OSAHS and hypercapnic respiratory failure, with a persistent
correction of daytime hypercapnia [74]. PIPER and SULLIVAN

[75] identified a subset of patients (n513) with OSAHS, who
were ‘‘grossly obese’’ (BMI .35 kg?m-2), and in whom CO2

retention (8.3¡0.3 kPa) and nocturnal hypoventilation per-
sisted in REM sleep, despite CPAP therapy. The study by PIPER

and SULLIVAN [75] clearly showed that, among the markedly
obese patients with OHS, there were some nonresponders to
CPAP therapy who needed long-term NIV. It also showed that
patients with hypercapnic OSAHS who fail to respond initially
to nasal CPAP may need transient NIV as an interim measure.
PEREZ DE LLANO et al. [76] described 54 patients with OHS
(44¡9 kg?m-2), 87% of whom had OSAHS. They were followed
for a mean period of 50 months. BiPAP was used to treat 49
patients, and three received only nasal CPAP. In all, arterial
oxygen tension (Pa,O2), Pa,CO2 and Epworth sleepiness scores
were improved [76]. MASA et al. [77] showed that NIV was as
efficient in correcting arterial blood gases after hypercapnic
respiratory failure in patients with OHS, as in patients with
kyphoscoliosis.

Two short-term studies tried to distinguish between obese
patients who could be treated by CPAP alone and those who
needed bi-level pressure support ventilation. RESTA et al. [78]
included 105 OSAHS patients who underwent a first night
with CPAP. Satisfactory results were obtained in 81 (77%)
patients, as monitored by polysomnography, while 24 (23%)
required bi-level pressure support ventilation. Patients in
whom bi-level pressure support ventilation was mandatory
had a higher BMI (40¡6 versus 33¡6 kg?m-2), a lower forced
expiratory volume in one second (FEV1), forced vital capacity
(FVC), and FEV1/FVC ratio than patients who did well on
CPAP. They also had a higher daytime Pa,CO2 (6.0¡0.8 versus
5.3¡0.5 kPa), a lower Pa,O2, and a lower mean nocturnal Sa,O2.
Although 96% of the patients with OSAHS could be managed
with nasal CPAP, 65% (11 out of 17) of those with associated
OHS needed bi-level pressure support ventilation. RABEC et al.
[79] studied 41 obese subjects hospitalised for an acute
hypercapnic respiratory failure (Pa,CO2 .6.7 kPa, mean 9.4),
and treated with NIV. All but two patients improved their
arterial blood gases under NIV. After the acute episode, nine
patients with OSAHS were put on long-term nasal CPAP. A
total of 29 patients were put on long-term bi-level pressure
support ventilation. Patients who were treated with bi-level
pressure support ventilation had either an associated OHS, or
COPD. Their mean Pa,CO2 values were higher than patients
discharged with nasal CPAP. SCHÄFER et al. [80] compared 13
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patients with OSAHS who failed to respond to initial CPAP
therapy with a control group matched for AHI [80].
Nonresponders were significantly more obese (mean BMI
44¡8 versus 31¡6 kg?m-2), had lower Pa,O2 and higher Pa,CO2

(mean values 5.9 versus 5.1 kPa) values, and spent more time
with an Sa,O2 ,90% on nocturnal pulse oximeter tracings.

Recently, SCHÖNHOFER et al. [65] described 30 patients treated
with home mechanical ventilation, eight (26%) of whom were
treated for OHS. This was the first report including such a
large ratio of patients with OHS (mean (range) BMI of patients
with OHS 40 (33.8–48.1) kg?m-2). A recent study [70] of 15
subjects with OHS showed that seven out of 15 had a low
ventilatory response to CO2, and that these low responders
increased their ventilatory response to CO2 by 47% after five
nights of efficient NIV. NIV improved sleep structure in all
subjects, significantly increasing stages 3–4 and REM sleep,
whilst decreasing stage 1 sleep.

In the Lake Geneva area study [62], 71 patients, i.e. 33% of all
patients included, were treated for OHS with (n550) or
without OSAHS. All patients had presented at least one
episode of acute hypercapnic respiratory failure. None of the
patients included were treated by bi-level pressure support
ventilation solely because of discomfort or intolerance to
CPAP. Despite long-term treatment by NIV, mean daytime
Pa,CO2 values without ventilation were slightly increased
(6.5¡1.3 kPa); mean BMI was 41.9¡9 kg?m-2. The majority
of patients with OHS (82%) were treated with bi-level pressure
support ventilation. Mean values for inspiratory positive
airway pressure were 1.8¡0.3 kPa (median 1.8, range 1.2–
2.5), and for expiratory positive airway pressure: 0.7¡0.3 kPa
(median 0.6, range 0.4–0.14). Probability of pursuing NIV was
76% at 3 yrs and 72% at 5 yrs, i.e. the highest among all patients
studied. Mortality was low (6%), with a 5-yr survival rate of
88%. After starting home NIV, the number of days spent in
hospital decreased significantly for 3 yrs when compared with
the year before NIV.

In summary, although CPAP can improve arterial blood gases
and nocturnal Sa,O2 in the majority of patients with OSAHS,
there is clearly a subset of markedly obese patients (BMI
.35 kg?m-2), with daytime hypoventilation in whom long-
term NIV (by means of bi-level pressure support ventilation) is
necessary to correct these variables. The question of whether
patients with OSAHS and OHS, treated by NIV, could be
switched to nasal CPAP after a certain number of months
without recurrent episodes of hypercapnic failure, has not
been studied to date.

CONCLUSIONS
Central nonhypercapnic sleep apnoea and hypercapnic alveo-
lar hypoventilation are serious disorders that are frequently
encountered in sleep medicine. An extensive choice of
treatment options is available for the management of idio-
pathic central sleep apnoea. The ultimate choice should rely on
the current insights into the pathogenetic mechanisms in
general, and the ones active in the patients to be treated.

CSR in patients with cardiac failure can be treated with CPAP
or bi-level pressure support ventilation. Most published
information is available on CPAP therapy. There is insufficient
evidence to recommend bi-level pressure support ventilation

rather than CPAP in patients with CSR. The question of
whether CPAP or bi-level pressure support ventilation is
indicated for any patients with CSR remains open, with current
evidence derived from a large study on survival suggesting
not. The treatment of symptomatic obstructive sleep apnoea in
patients with significant cardiac failure is indicated per se.
Patients may gain additional benefits in terms of improved
cardiac function, which has been demonstrated with CPAP
use. The question whether patients with heart failure who also
have mild OSAHS should be treated with CPAP currently
remains unanswered.

There is preliminary evidence that ASV controls CSR in
patients with CHF. While ASV is not a first-line treatment
choice, it proves superior to O2, CPAP and bi-level pressure
support ventilation in controlling AHI and probably sleep
fragmentation. There is a suggestion that ASV improves
quality-of-life scores and cardiac function, but this has not
yet been proven in large, prospective, randomised trials. There
are no data regarding the impact on survival.

Both theophylline and acetazolamide have been shown to exert
beneficial effects on CSR in terms of reduction of the AHI.
Nocturnal O2 therapy also reduces CSR in a number of well-
controlled but small studies. However, there is no convincing
evidence of positive effects on cardiac function. New studies
on a much broader scale are needed to investigate treatment
effects of O2 and drugs. Administration of CO2 stabilises CSR
by increasing Pa,CO2 far above the apnoeic threshold.
Unfortunately, this treatment cannot be prescribed outside
the experimental setting.

Noninvasive home ventilation is increasingly applied in
obesity-hypoventilation syndrome patients with hypercapnic
respiratory failure. This trend parallels, to some extent, the
pandemic growth of the prevalence of obesity. While contin-
uous positive airway pressure can control nocturnal arterial
oxygen saturation values and restore normal ventilatory gas
exchange in a majority of patients with obstructive sleep
apnoea/hypopnoea syndrome, there is clearly a subset of
markedly obese patients (body mass index .35 kg?m-2) with
daytime hypoventilation in whom long-term noninvasive
ventilation should be considered. Anecdotal evidence exists
that patients with obstructive sleep apnoea/hypopnoea syn-
drome and obesity-hypoventilation syndrome who require
initial treatment with noninvasive ventilation can be subse-
quently switched to nasal continuous positive airway pressure
without recurrent episodes of hypercapnic failure. However,
further medical evidence must be collected to identify
subgroups in whom this step-down procedure can be
implemented as a standard procedure. Recent studies suggest
a specific impact of noninvasive ventilation on ventilatory
response to carbon dioxide, which has not been described with
nasal continuous positive airway pressure.
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