
Mini-review

Vincenzo Patruno1

Orietta Coletti1

Nicola Montano2

1 Division of Pulmonary Rehabilitation, I.M.F.R., Udine,
Italy

2 Department of Clinical Sciences, Internal Medicine II,
University of Milan, “L. Sacco” Hospital, Milano, Italy

Address for correspondence:
Vincenzo Patruno, MD
Division of Pulmonary Rehabilitation, I.M.F.R.
Via Gervasutta 48
33100 Udine, Italy 
E-mail: vincenzo.patruno@mediofriuli.it 

Summary

Sleep breathing disorders (SBD) are commonly di-
vided in  three syndromes: obstructive sleep apnea
syndrome (OSA), central sleep apnea-hypopnea syn-
drome (CSA) and Cheyne-Stokes breathing syndrome
(CSR), the latter two both characterized by cyclic
non-obstructive breathing patterns.
Because the prevalence of CSA-CSR in chronic heart
failure (CHF) population has been  reported from 40%
to 60%, CSA-CSR is the more frequent respiratory
consequence of such cardiovascular illness. CSA-
CSR has been associated with increased mortality in
heart failure patients, but a causal role for CSA-CSR
in the morbidity and mortality of heart failure awaits
more definitive evidence. 
In fact, it is not yet known whether CSA-CSR is an
epiphenomenon in the setting of heart failure or
whether it may itself lead to increased risk or progres-
sion of heart failure.
CPAP is the most studied form of treatment for CSA-
CSR. However, in randomized trials of long term du-
ration, several forms of non-invasive positive airway
pressure, including CPAP, bi-level, adaptive pressure
support ventilation and nocturnal oxygen therapy,
have been shown to alleviate CSA-CSR in heart fail-
ure patients.
Nevertheless, at present, none therapeutic approach
was ideal with respect to both efficacy and tolerance,
nor has any available therapy been demonstrated to
improve survival. In CHF patients with CSA-CSR,
standard employment of CPAP cannot be recom-
mended at present, though the post hoc analysis of
the CANPAP study is intriguing and suggests that
CPAP responders may benefit prognostically. Fur-
thermore, the results of the CANPAP study should not
be extrapolated to heart failure patients with OSA,

which is much more effectively suppressed by CPAP.
Finally, there is a need to examine novel treatment op-
tions for CSA-CSR in patients with CHF, as these pa-
tients appear to have the worst prognosis and there-
fore the most to gain if successful treatment of
CSA-CSR improves survival.
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Introduction

One of the most recent
and intriguing develop-
ments in the field of car-
diovascular medicine
originated from the ob-
servations that some
sleep disorders, such as
obstructive sleep ap-
noea-hypopnoea syn-
drome (OSA), may
cause or worsen cardiac
disease and, in turn, that
certain cardiac diseases,
like chronic heart failure
(CHF), may bring on
sleep disorders such as
central sleep apnoea-hy-
popnoea syndrome (CSA) and Cheyne-Stokes breathing
syndrome (CSR). This review will mainly focus on the cur-
rent treatment options of CSR-CSA in CHF. First we will
explore the physiopathology and clinical significance of
CSA-CSR in CHF and then we will examine the up-to-
date knowledge on the effects of treatment of central
sleep disordered  breathing in patients with CHF.  

Cheyne-Stokes Respiration/Central Sleep Apnoea 
in Heart Failure

Sleep breathing disor-
ders (SBD) are com-
monly divided (1) in
three syndromes: ob-
structive sleep apnoea
syndrome, central sleep
apnoea-hypopnoea syn-
drome and Cheyne-
Stokes breathing syn-
drome, the latter two
both characterized by
cyclic non-obstructive breathing patterns.
CSA-CSR is a form of periodic breathing characterized by
oscillation of ventilation between apnoea and tachypnea,
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Respiratory sleep dis-
orders may cause or
worsen cardiac disea-
se. Moreover,  cardiac
diseases leading to
chronic heart failure
(CHF) may cause respi-
ratory sleep disorders
such as central sleep
a p n o e a - h y p o p n o e a
syndrome (CSA) and
Cheyne-Stokes brea-
thing syndrome (CSR).

Patients with heart fai-
lure and CSA-CRS have
a significantly lower Pa-
CO2, while awake and
asleep, when compared
with patients with simi-
lar ejection fraction but
no CSA-CSR.
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with a crescendo-decrescendo pattern in the depth of res-
pirations (Figure 1). Central sleep apnoea is a manifes-
tation of respiratory instability and is particularly prone to
occur during sleep when the respiratory system becomes
critically dependent on the metabolic control system. One
of the most well-known mathematical models proposes an
explanation to CSA-CSR (2) based on three basic com-
ponents: a controlling system, a controlled system and a
feedback loop. The controlled variables are PaO2 and
PaCO2. Prolonged circulation time, which is a hallmark of
heart failure, promotes a delayed response that may pro-
mote respiratory instability. However, it is generally agreed
that this mechanism may contribute to the generation of
CSA-CSR, but is not alone sufficient (3). The high sensi-
tivity of ventilatory chemoreceptors promotes a strong
ventilatory response and blood gas instability. Increased
controller gain is well-documented and it is thought to play
a central role in the genesis of CSA-CSR in patients with
heart failure (4, 5). Plant gain is dependent on lung gas
stores, on body stores of oxygen and carbon dioxide, and
on the metabolic rate (Figure 2). Reduction in lung vol-
umes increases plant gain because smaller volumes are
less effective at damping out changes in PaCO2 and
PaO2, thus favouring instability (6), and that may explain
the increased propensity to CSA-CSR in the supine po-
sition (7). Low PaCO2 levels play a central role in the gen-
esis of apnoeas and hypopneas. Patients with heart fail-
ure and CSA-CRS have a significantly lower PaCO2,

while awake and asleep, when compared with patients
with similar ejection fraction but no CSA-CSR. It has
been shown that the first apnoea is regularly preceded by
hyperventilation (4), which caused PaCO2 to reach the
value below the apnoeic threshold; this proved to be the
key element in triggering central apnoea (8). Several
mechanisms were proposed to explain why patients with
heart failure tend to hyperventilate. PaCO2 levels corre-
late negatively with pulmonary capillary wedge in pa-
tients with HF submitted to cardiac catheterization (9).
Therefore, the development of CSA-CSR by state of hy-
perventilation may be explained  as a consequence of pul-
monary congestion due to tonic stimulation of pulmonary
vagal afferents (10). However, the observation of CSA-
CSR in one patient submitted to lung transplantation (11),
suggests that other mechanisms, such as cardiac vagal
afferents, may also be important. Hyperventilation may be
caused by an elevated sympathetic activity upon central
and peripheral chemoreceptors (12). While OSA has
been identified as a possible independent risk factor for
the development of heart and vascular disease, CSA-
CSR is a more frequent consequence of such cardiovas-
cular illness. However it is not yet known whether CSA-
CSR is an epiphenomenon in the setting of heart failure
or whether it may itself lead to increased risk or progres-
sion of heart failure (13-16). Lanfranchi et al. (13), while
studying a variety of baseline patient characteristics, in-
cluding New York Heart Association class, left ventricular

Figure 1 - Polysomnographic example of CSA-CSR (180 sec). On flow trace # 7, Cheyne-Stokes respiration  with  typical “wax-
ing and waning” pattern and  central apnoea with concomitant absent movements of chest (trace # 8) and abdomen (trace #
9). Arousal occurred at the top of “crescendo” flow.
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ejection fraction, and exercise capacity, found that the left
atrial area and the apnoea/hypopnoea index (AHI)
emerged as the two most potent predictors of mortality.
Other studies  suggested that the higher rates of death
and cardiac transplantation seen in patients with heart fail-
ure, along with low diastolic BP and severe right ventric-
ular dysfunction (17), were proportional to the frequency
of central apnoeic events (15). Another  issue that should
be stressed is that central and obstructive events are not
independent phenomena, in fact they often coexist in pa-
tients with heart failure, who may convert OSA to CSA
during the course of a single night (18) and over a longer
period of time (19).

Treatment of central sleep disordered breathing 
in chronic heart failure 

CPAP is the most studied form of treatment for CSA-CSR.
Nevertheless, in randomized trials of long term duration,
several forms of non-invasive positive airway pressure, in-
cluding CPAP, bi-level, and adaptive pressure support
servo-ventilation, have been shown to alleviate CSA-
CSR in heart failure patients (20-22). The mechanisms by
which CPAP exerts the beneficial effects in HF without ob-
struction of the upper airways during sleep are not com-
pletely understood, but the primary effect may be on the
cardiovascular system by reducing the preload and after-
load (23). This may be due to  the increase of the intratho-
racic pressure and the decrease of the transmural pres-
sure of the intrathoracic structures. 

CPAP also reduces the work of breathing in patients
with HF (24). In randomized trials, nightly application of
CPAP for three months increased left ventricular ejection
fraction, reduced mitral regurgitation and nocturnal uri-
nary and daytime plasma nor-epinephrine, and improved
quality of life (24, 25). Sin et al. (16) studied patients with
HF and CSA-CSR and reported a significant improve-
ment in LVEF and transplant-free survival in those ran-
domized to CPAP therapy, if they complied with treat-
ment, compared to control with no CPAP. Bradley et al.
(26) carried out the largest randomized prospective study
on the use of nasal CPAP therapy in 258 HF patients with
CSA-CSR  (CANPAP study). They found no difference in
2-year survival or atrial natriuretic peptide plasma level
despite significant improvements in LVEF, lower nor-
adrenaline levels and increased mean 6-minute walk
test distance in patients randomized to CPAP. The au-
thors suggested that current medical therapies for HF
(particularly beta-blockers) led to significant improve-
ment in prognosis, with a fall in the mortality of both con-
trol and treatment groups which reduced the study’s
power to detect a treatment difference. In addition, the
mean reduction of AHI in the treatment arm was to a level
above the inclusion AHI threshold of 15. Moreover, the is-
sues of compliance and efficacy may be relevant. At
one year, CPAP was used for 3.6 hours per night and at-
tenuated AHI by 50%, indicating only a partial reduction
in “apnoea burden”. A recent post hoc analysis of CAN-
PAP study  showed that responders to CPAP  had a sig-
nificant improvement in LVEF and transplant-free survival
compared to non-responders or controls (27). Although
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Figure 2 - Schematic representation of loop gain (see text for details).



this was a post hoc analysis, it is hypothesis generating
and provides directions for future research on CPAP in
HF patients with CSA-CSR responsive to CPAP because
better-tolerated and more effective treatment of CSA-
CSR might have resulted in improved survival (27-29). 
Another point of interest regards the theoretical possibil-
ity that other forms of non-invasive ventilation able to
abolish CSA-CSR may be effective in the treatment of the
cardiovascular consequences associated with CSA-CSR.
Because CPAP is not effective in reducing CSA-CSR in
a significant number of patients, other forms of non-inva-
sive ventilation, including bi-level positive airway pressure
(BiPAP) and  adaptative   pressure support ventilation
(ASV), have been proposed as alternative.
Bi-level positive airway pressure (BiPAP) is a ventilatory
mode that delivers two pressure levels, a higher inspira-
tory pressure and a lower expiratory pressure. BiPAP
has been postulated to be superior to CPAP in HF patients
because the typically lower expiratory pressure may not
impede stroke volume in patients with low cardiac filling
pressures, as may occur with CPAP (30). Despite the gen-
eral concern that these patients already hyperventilate,
and further increasing ventilation may not necessarily be
a good approach, possibly leading to hypocapnic alkalotic
glottic closure, recently Khayat et al. (31), in moderate-se-
vere HF patients  randomly assigned to CPAP or BiPAP
treatment,  found that  LVEF improved significantly in the
BiPAP group but not the CPAP group. Previously, on the
other hand, Konhnlein et al. (32) in a random, crossover

study design concluded
that both CPAP and Bi-
PAP treatments equally
and effectively improve
Cheyne-Stokes respira-
tion in  HF patients.  At
any rate, it’s important to
highlight the setting val-
ues of the bi-level de-
vices employed in afore-
mentioned studies (31,
32) because the very
low span used (mean 3
cmH2O) between inspi-
ratory and expiratory

pressure really suggest a
CPAP-like effect more than a pressure support ventilation.
One interesting and relatively new format of treatment is
the adaptive pressure support ventilation (ASV). This is a
novel form of bi-level PAP in which the flow generator pro-
vides a fixed end expiratory pressure that should be
titrated to abolish upper airway obstructive events. The in-
spiratory pressure support level then varies in accor-
dance to an algorithm that aims at stabilizing ventilation
at an approximate 80% of the baseline minute ventilation.
Adaptive pressure support ventilation results in acute
suppression of CSA-CSR (21) that is more effective than
CPAP and may result in better compliance and a greater
improvement in heart function (22).
A prospective study used a randomized parallel design in
treating 26 CSA-CSR in heart failure patients, comparing
one month of therapeutic and sub therapeutic ASV (33).
Active treatment attenuated daytime sleepiness (primary
end point), plasma brain natriuretic peptide and urine
nor-adrenaline (secondary end points). Despite these
promising results, further studies are needed to clarify the

optimal ventilation strategy for patients with CSA-CSR
and HF.
As an alternative ap-
proach nocturnal oxygen
therapy has been re-
ported to improve CSA
in patients with systolic
heart failure (34-36).
Hanly et al. (35) should
be credited for the first
randomized, placebo
controlled study. In nine
subjects with systolic heart failure, the authors showed
that the administration of nasal oxygen for one night
(when compared to nasal air) improved CSA-CSR, sleep
architecture (i.e. decreased arousals and shifted sleep to
deep stages), and arterial oxyhaemoglobin desaturation.
Two studies of Andreas et al. (37) and Staniforth (38) et
al. indicated that in systolic heart failure, oxygen de-
creases sympathetic activity due to CSA. Another study
of Sasayama (39) showed that supplemental nocturnal
oxygen therapy for three months, compared to control,
significantly improved CSA-CSR, LVEF and quality of life
in patients with HF and central sleep breathing disor-
ders. 
Oxygen administration decreased periodic breathing with
the most significant effect on CSA. While the patients
were receiving oxygen, desaturation was virtually elimi-
nated. Unfortunately not all patients with heart failure
and CSA-CSR have a complete reversal of sleep apnoea
with oxygen. It was noted (40) that in patients fully respon-
sive to oxygen therapy the PaCO2 values of the subjects
were within the normal range while in patients which oxy-
gen therapy resulted in only partial response, the PaCo2

values of the subject were lower than normal range. The
mechanisms of the therapeutic effects of oxygen on CSA
are multifactorial. These include a rise in PCO2 and, pre-
sumably, a widening of the difference between the eucap-
nic PCO2 and the PCO2 at the apnoeic threshold, the
suppression of ventilatory response to hypercapnia, and
an increase in the body stores of oxygen. Taken together,
this should dampen the respiratory loop-gain  (change of
ventilation for a given change of ventilation) (41) and de-
crease the likelihood of ventilatory instability promoting
CSA-CSR. It was speculated (40) that subjects that re-
sulted as only partial responders to oxygen therapy have
such an intense non-chemical ventilatory stimuli that oxy-
gen failed to raise their baseline PCO2 in the transition
from wakefulness to sleep. Because oxygen decreases
sympathetic activity and eliminates desaturation, long-
term therapy may potentially decrease the morbidity and
mortality of subjects with HF. Nevertheless, careful, ran-
domized, placebo controlled, multicenter studies with
mortality as the end point are required to prove nocturnal
oxygen therapy as a long-term helpful treatment modal-
ity in HF with CSA-CSR.
In accordance to point of view that CSA-CSR is a conse-
quence of a failing heart, all therapies able to ameliorate
heart function may be helpful in reducing CSA-CSR.
In effect CSA-CSR was abolished in patients underwent
to heart transplant for CHF (42). Some, but not all, stud-
ies indicate that beta-blockers and furosemide ameliorate
CSA-CSR (43, 44). Also theophylline (45), acetazolamide
(46), administration of carbon dioxide (47) and addition of
dead space (48) can reduce CSA-CSR; however there is
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CPAP, and several mo-
de of nocturnal nonin-
vasive ventilation have
been shown to alleviate
CSA-CSR, but despite
promising results, fur-
ther studies are needed
to establish this treat-
ment for respiratory
sleep disorders in pa-
tients with CHF.

Nocturnal oxygen the-
rapy decreases perio-
dic breathing, but failed
to show complete re-
versal of sleep apnea in
patients with CHF.



a general concern that  to use drugs or devices with a
strong stimulatory effect on respiratory drive in patients
with CHF and CSA/CSR, already hyperventilate, may
not to beneficial.
Cardiac resynchronization therapy also appears to im-
prove CSA-CSR in HF, but only in those patients whose
cardiac function improved with the resynchronization ther-
apy (24), suggesting that improved cardiac function may
have reduced the severity of CSA-CSR. Changes in CSA-
CSR seemed to be associated with CRT-induced
changes in mitral regurgitation but further studies are re-
quired to confirm these early results, to determine the ex-
act mechanisms by which CRT might improve CSA-CSR,
and to identify which CSA-CSR patients with heart failure
would benefit from such interventions.

Conclusions

Although CSA-CSR has been associated with increased
mortality in CHF patients, a causal role for CSA-CSR in
the morbidity and mortality of heart failure awaits more de-
finitive evidence. A number of treatment strategies for
CSA have been tested, but presently none is ideal with re-
spect to both efficacy and tolerance, nor has any available
therapy been demonstrated to improve survival. For CSA-
CSR, use of CPAP cannot be recommended at present,
though the post hoc analysis of the CANPAP study (27)
is intriguing and suggests that CPAP responders may
benefit prognostically. Furthermore, the results of the
CANPAP study should not be extrapolated to heart failure
patients with OSA, which is much more effectively sup-
pressed by CPAP. Finally, there is a need to examine
novel treatment options for CSA-CSR in patients with
HF, as these patients appear to have the worst progno-
sis and therefore the most to gain if successful treat-
ment of CSA-CSR improves survival.
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