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Cardiovascular and cerebrovascular diseases are the
most common diseases in industrialized societies. The
main objectives of this article were to summarize the
physiological effects of sleep apnea on the circulatory
system and to review how treatment of this condition
influences cardiovascular disease.
Acute sleep apnea has a number of hemodynamic
consequences, such as pulmonary and systemic
hypertension, increased ventricular afterload and reduced
cardiac output, all of which result from sympathetic
stimulation, arousal, alterations in intrathoracic pressure,
hypoxia and hypercapnia.
When chronic, sleep apnea-hypopnea syndrome is
associated with systemic hypertension, ischemic heart
disease, congestive heart failure, and Cheyne-Stokes
respiration in patients with congestive heart failure.
Nocturnal treatment with continuous positive airway
pressure decreases both the number of central apneic
episodes and blood pressure in patients with sleep
apnea-hypopnea syndrome and arterial hypertension.

Key words: Sleep apnea. Cardiovascular disease.
Treatment with continous positive airway pressure.

Síndrome de apneas-hipopneas durante
el sueño y corazón
Las enfermedades cardiovasculares y cerebrovasculares son las más comunes en la sociedad industrial. Los
objetivos principales de este trabajo son revisar las consecuencias fisiológicas de la apnea del sueño en el sistema circulatorio y revisar los efectos del tratamiento de
esta alteración sobre las enfermedades cardiovasculares.
Las apneas durante el sueño producen de forma aguda
una serie de consecuencias hemodinámicas que incluyen: hipertensión pulmonar y sistémica, incremento de la
poscarga ventricular y disminución del gasto cardiaco, fenómenos todos ellos resultado de la estimulación simpática, del arousal, de las alteraciones en la presión intratorácica y de la hipoxia e hipercapnia.
De forma crónica, el síndrome de apneas-hipopneas durante el sueño (SAHS) se ha relacionado con hipertensión
arterial sistémica diurna, cardiopatía isquémica, insuficiencia cardiaca congestiva y respiración de Cheyne-Stokes en
el fracaso cardiaco congestivo. Se ha observado que el
tratamiento con presión positiva continua (CPAP) nasal
nocturna sobre la vía aérea superior disminuye el número
de apneas centrales y también reduce los valores de presión arterial en pacientes con SAHS e hipertensión arterial.
Palabras clave: Apnea del sueño. Enfermedad cardiovascular. Tratamiento con presión positiva continua.

INTRODUCTION
Cardiovascular and cerebrovascular disease are the
most common ailments of industrialized societies, and
great efforts have been made to reduce their associated
morbidity and mortality.1 Epidemiological studies
have shown that a relationship exists between nontreated sleep apnea and the appearance of
cardiovascular and cerebrovascular complications,
quality of life, traffic accidents and increased
mortality.2,3
The study of sleep apnea-hypopnea syndrome
(SAHS)–a phenomenon that usually occurs at night
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but which has consequences during the day–has led to
some of the most important advances in our
understanding of chronobiology and its medical
ramifications.4,5 The main aim of the present work is to
review the physiological consequences of SAHS with
respect to the circulatory system, and to discuss
the effects of the treatment of this problem on
cardiovascular disease (Figure 1).
Acute Effects of Sleep-Associated
Respiratory Disorders on the Cardiovascular
System
In normal subjects, blood pressure falls by some
15% during sleep, the largest reductions occurring
during the third and fourth phases. The heart rate is
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Mediators/Mechanisms

SAHS
Hypoxemia
Reoxygenation

Sympathetic Activation
Vasoconstriction
Catecholamines (+)
Tachycardia
Determination of
Cardiovascular Variability
Endothelial Dysfunction

Hypercapnia

Figure
1.
Physiopathological
mechanisms of sleep apneahypopnea syndrome and vascular
diseases.
SAHS indicates sleep apneahypopnea syndrome; HBP, high
blood pressure; CV, cardiovascular
variability (heart rate, blood pressure,
cardiac output, etc). Adapted from
Shamsuzzaman et al.6

Esophageal Pressure (–)

Oxidative Stress
Inflammation
Coagulation (+)

Arousals

similarly reduced, as is the activity of the autonomic
nervous system and vascular resistance. This leads to
a state of “hemodynamic repose,” which is
characterized by a reduction in cardiac output. The
simultaneous reduction in the influence of the
sympathetic nervous system along with centrallyinduced respiratory hypoventilation may be
associated with the activity of brain stem
connections of sympathetic neurons involved in
respiratory and cardiovascular control. During rapid
eye movement (REM) sleep, however, the activity of
the autonomic nervous system, blood pressure and
the heart rate, all increase to levels similar to those
seen when subjects are awake. A dissociation
between respiratory and vascular control therefore
occurs during REM sleep.
Unlike the normal physiological effects of sleep on
the cardiovascular system, apnea triggers a number of
hemodynamic effects including high systemic and
pulmonary blood pressure, an increase in the
ventricular afterload, and a reduction in cardiac
output-all of which are a result of sympathetic
stimulation, arousals, changes in intrathoracic
pressure, hypoxia, and hypercapnia.6

Neurohormonal Response
Episodes of apnea cause an increase in the activity
of the sympathetic nervous system, vasoconstriction,
and high systemic blood pressure. It is thought that
systemic vasoconstriction is mediated by alpha
neural sympathetic activity since, in patients with
Shy-Drager syndrome, apnea is associated with only
minimal changes in heart rate and systemic blood

Metabolic Anomalies
Leptin Resistance
Obesity
Insulin Resistance

Vascular Diseases

HBP
Congestive Heart Failure
Systolic Dysfunction
Diastolic Dysfunction
Cardiac Arrhythmia
Bradycardias
Atrioventricular Block
Atrial Fibrillation
Myocardial Ischemia
Coronary Heart Disease
Nocturnal Angina
Nocturnal Depression
of the ST Segment
Cerebrovascular Diseases

pressure. Different types of heart rhythm
impairments are commonly seen; supraventricular
arrhythmias are the result of changes in sympathetic
tone, whereas ventricular arrhythmias are thought to
be related to hypoxia.

Arousal
Arousal is a defense mechanism that activates the
muscles that dilate the upper airway, thus preventing
suffocation. The degree to which this mechanism
contributes to the increase in sympathetic activity is
unknown. Periodic respiration without arousals in
humans can induce transitory changes in the heart
rate and blood pressure. The same is seen in a canine
model when apneas with or without arousals are
induced.7

Effect of Intrathoracic Pressure
The increase in positive intrathoracic pressure
during apnea increases the transmural pressure of
the left ventricle, and therefore the ventricular
afterload. The venous return to the right ventricle is
also increased, leading to distension and the
deviation of the interventricular septum. This, in
turn, may hinder the filling of the left ventricle.
There is evidence to suggest that high negative
intrathoracic pressure can impair the relaxation of
the left ventricle, which would also hinder its filling.
The overall result of these phenomena (which is
proportional to the negative intrathoracic pressure
present) is a reduction in the beat volume and the
cardiac output.
Rev Esp Cardiol. 2006;59(7):718-24
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As a result of all these changes and of the increased
concentration of catecholamines and other circulating
hormones (atrial natriuretic peptide, renin-angiotensinaldosterone etc), systemic blood pressure during sleep
increases.6,7

Hypoxia
A reduction in the partial pressure of oxygen in the
arteries under normal conditions is mainly detected by
the carotid bodies. This leads to vasoconstriction of
the vascular bed and an increase in the secretion of
catecholamines. Pulmonary vasoconstriction occurs as
a response to alveolar hypoxia, and in patients with
SAHS, recurrent episodes of hypoxia during sleep lead
to repeated increases in pulmonary arterial blood
pressure. However, few such patients develop
pulmonary hypertension; this is usually seen in those
who suffer chronic alveolar hypoventilation and
hypercapnia.7
Cardiovascular Disease and Sleep ApneaHypopnea Syndrome

High Blood Pressure
It is well established that, after a number of years,
high blood pressure (HBP) leads to cardiovascular
disease. The same may be true of SAHS. Only in 10%
of patients with HBP is the underlying cause detected.
However, in this context, SAHS acquires particular
interest since it is a treatable cause of HBP.
The relationship between SAHS and HBP has been
reported in the literature since the beginning of the
1980s. It is thought that 40%-60% of patients with
SAHS also have HBP, and that approximately one
third of those with HBP have SAHS. However, the
relationship between these 2 problems has been
widely questioned since the patients that suffer them
share certain characteristics that might act as
confounding factors (sex, age, an association with
obesity, the consumption of alcohol and tobacco,
etc).8,9
Patients with SAHS experience cyclical increases in
blood pressure related to the obstructive respiratory
events that occur during the night. This involves the
action of central and peripheral chemoreceptors,
barroreceptors, pulmonary afferent nerves, hypoxia,
and hypercapnia, increases in negative intrathoracic
pressure, and arousals. The result is a series of
autonomic, hemodynamic, and humoral changes that
give rise to a pressor effect when the apnea episode
ends. However, there is debate over whether such
transitory changes in blood pressure during the night
could lead to sustained HBP during the day. During
sleep, intermittent hypoxia in rats and the intermittent
occlusion of the upper airway in dogs has been shown
720
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to provoke sustained high blood pressure when these
animals are awake and breathing normally. Further, in
rats, the removal of the carotid chemoreceptors
prevents the development of HBP. These experiments
would appear to show that hypoxia-hypercapnia
and changes in pleural pressure are major
pathophysiological factors involved in the increase in
sympathetic vasoconstrictor tone and the appearance
of daytime HBP.9
In recent years, considerable effort has gone into
demonstrating the link between SAHS and HBP. In the
2 largest studies involving the general population,10-12
the subjects were divided into subgroups depending
upon the number of apnea-hypopnea events (apneahypopnea index; AHI) suffered per hour. HBP was
defined as >140/90 mm Hg when receiving antihypertension treatment. The Wisconsin study10 was a
cross-sectional study that lasted for 4 years for 709
patients, and up to 8 years for a subgroup of 184
patients. The Sleep Heart Health Study11,12 was a
cross-sectional study involving 6841 patients. Table10-12
shows the prevalence of HBP and the odds ratio
(OR) for the association between SAHS and HBP in
the different subgroups after adjustment for sex, age,
body mass index, neck and waist circumference, and
the use of alcohol and tobacco. The authors of both
studies conclude that, independent of confounding
factors, a relationship does exist between SAHS and
HBP, and that this follows a dose-dependent pattern
with respect to SAHS severity. This causal relationship
was confirmed by the Wisconsin study10 in the
subgroup that was monitored for 8 years. Other
authors have reported similar results, and even suggest
that this relationship is stronger in young people of
normal weight.13
Compared to a placebo, treatment with continuous
positive airway positive (CPAP) is reported to
significantly reduce blood pressure in patients with
confirmed hypertension,14,15 and that this beneficial
effect is greater in patients with more severe SAHS
and those who take anti-hypertension medication,
independent of baseline blood pressure.
It would therefore seem clear that SAHS is an
independent risk factor for HBP during the day; this
condition therefore has important public health
implications.

Ischemic Heart Disease
Both cross-sectional and case-control studies have
shown that sleep-associated respiratory problems are
common in patients with coronary heart disease in its
different manifestations, both in men and women.12
More than 30% of patients with ischemic heart disease
suffer associated SAHS. Schafer et al16 reported a high
prevalence of SAHS in patients with angiographicallyconfirmed heart disease, and concluded that moderate
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TABLE. Association Between Sleep Apnea-Hypopnea Syndrome and High Blood Pressure in Large Populational
Studies*
Wisconsin Sleep Study
AHI Cutoff

0
0.1-4.9
5-14.9
≥15

Sleep Heart Health Study

Prevalence HBP, %

OR† (95% CI)

AHI Cutoff

Prevalence HBP, %

OR† (95% CI)

17
28
48
60

1
1.39 (1.04-1.84)
1.92 (1.09-3.39)
2.66 (1.13-6.25)

<1.5
1.5-4.9
5-14.9
15-29.9
≥30

43
53
59
62
67

1
1.07 (0.91–1.26)
1.20 (1.01-1.42)
1.25 (1.00-1.56)
1.37 (1.03-1.83)

*HBP indicates high blood pressure; AHI, apnea-hypopnea index; CI, confidence interval; OR, odds ratio.
†Odds ratio adjusted for the confounding factors age, sex, obesity, tobacco, and alcohol use. Taken from the Wisconsin Sleep Study10 and the Sleep Heart Health
Study.11

SAHS (AHI>20) is an independent risk factor for
myocardial infarction (AMI) (OR=2.0; 95% confidence
interval [CI], 1.0-3.8).
In the Sleep Heart Health Study,12 an observational,
multicenter, epidemiological study involving 6424
patients aged over 40 years, polysomnograph results
were used to assess the relationship between sleepassociated respiratory problems and cardiovascular
disease. A relationship was found between the former
and coronary events (OR=1.27; 95% CI, 0.99-1.62),
although more modest than between SAHS and heart
failure or cerebrovascular accidents.12
It has also been reported that patients with coronary
heart disease and SAHS experience myocardial
ischemia during episodes of apnea, mainly during
REM sleep. Depressions of the ST segment are
common in patients with severe SAHS and in those
with a history of nocturnal angina.17
When patients with SAHS suffer an AMI, there is a
tendency for this to occur between 12:00 pm and
06:00 am, i.e., during the night. In contrast, in patients
without SAHS, the risk of sudden death of cardiac
cause is greater between 06:00 am and 12:00 am.18
In patients with ischemic heart disease, the presence
of sleep-associated respiratory problems tends to be an
indicator of poor prognosis.19 No controlled studies on
the effectiveness of CPAP treatment in this type of
patient have been performed, but this treatment has
been reported capable of significantly reducing the
number of nocturnal ischemic events and of preventing
the depression of the ST segment.20

Congestive Heart Failure
Epidemiological studies have shown a relationship
to exist between SAHS and heart failure. The results
of the Sleep Heart Health Study12 show apnea with an
AHI>11 to be associated with an OR for heart failure
of 2.38, independent of other risk factors.
In 2 studies involving patients with heart failure due
to systolic dysfunction,21,22 11% of 81 patients and
37% of 450 patients respectively suffered obstructive

apnea. In another study involving patients with heart
failure due to diastolic dysfunction23 (the result of
reduced distensibility of the left ventricle), 55% had
an AHI of >10.
Heart failure could also lead to obstructive sleep
apnea, either through the capacity of periodic
respiration to induce the collapse of the upper airway,
or through the retention of liquid and its accumulation
in the soft tissues of the neck and pharynx.
The negative influence of apnea on heart function
appears to be more intense in patients with a
background of structural disease, in whom the effect
on the afterload is more serious.
In the one study that has investigated the effect of
the treatment of SAHS on systolic function, and which
involved eight patients with dilated cardiomyopathy of
unknown origin, Malone et al24 showed that treatment
with CPAP for one month improved their left
ventricular ejection fraction (LVEF) by between 37%
and 49%.

Cheyne-Stokes Respiration and Congestive
Heart Failure
Cheyne-Stokes respiration with central sleep apnea
is a form of periodic respiration common in patients
with chronic heart failure (30%-40% of such
patients).21,22 There is growing evidence that this
combination is a sign of disease progression and poor
prognosis. Cheyne-Stokes respiration appears to be the
result of an instability in the central control of
breathing. Naughton et al25 propose that, in patients
with chronic heart failure and Cheyne-Stokes
respiration, central apnea is provoked by a reduction in
pCO2 below the apneic threshold caused by
hyperventilation. During apnea or hypopnea, the pCO2
gradually increases, resulting in periodic respiration
and hyperventilation until the pCO2 once again falls
below the apneic threshold. Hyperventilation may be
the result of the stimulation of pulmonary vagal
irritant receptors by pulmonary congestion (Figure 2).
There may also be a pathophysiological component in
Rev Esp Cardiol. 2006;59(7):718-24

721

Document downloaded from http://www.revespcardiol.org, day 24/05/2013. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

13 Review 7279-718-724

22/3/07

17:52

Página 722

Terán Santos J et al. Sleep Apnea-Hypopnea Syndrome and the Heart

Hyperventilation

Hypersomnolesence
Fatigue

Dyspnea

↓pCO2
Stimulation of the J Receptors

Central Apnea-Hypopnea

↑pCO2 ↓pO2
Arousal

Interruption
of Sleep

↑Sympathetic Activity
Catecholamines

Pulmonary Edema

Increased Filling Pressure

↑Chemoreceptor Sensitivity

Ventricular Failure

Reduction in Cardiac Output

SAHS derived from reduction in oxygen levels,
arousals, sympathetic activation and an increased heart
rate and blood pressure. In patients with chronic heart
failure and hypocapnia, Javaheri et al21 found a high
prevalence of central apnea and a greater number of
ventricular ectopics than in normocapnic patients; this
was clinically related to a greater number of sudden
deaths.26-28
Several forms of continuous positive pressure,
including CPAP and bilevel pressure, have been found
to reduce the frequency of central events in patients
with chronic heart failure, although the mechanism
involved has not been fully elucidated. The use of
CPAP for short periods in stable chronic heart failure
reduces the left ventricular afterload, increases the
cardiac output, and reduces the activity of the
autonomic nervous system. Its use over a period of 1-3
months can relieve periodic respiration, increase the
LVEF and inspiratory muscular strength, and reduce
mitral regurgitation and atrial natriuretic peptide
levels.29-31
In a randomized, controlled study involving 66
patients with chronic heart failure (29 with CheyneStokes respiration and 37 without this problem), Sinn
et al32 reported that, after a 5 year follow-up period,
those who completed their initial treatment with CPAP
showed a significantly lower combined mortality/heart
transplant rate.
Currently, the Canadian Continuous Positive
Airway Pressure Trial for Congestive Heart Failure is
trying to determine whether CPAP helps resolve
SAHS.33 Results obtained by this group, led by
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Figure 2. Pathophysiology of
Cheyne-Stokes respiration in heart
failure.
Pulmonary
J
stretch
receptors. Adapted from Hall et al.28

Douglas Bradley,34 have recently been published. Twohundred and fifty-eight patients with chronic heart
failure, an LVEF of 24.5±7, and a central apneahypopnea index of 40±16 events per hour, were
randomized to receive either CPAP (n=128) or
conventional treatment (n=130). Follow-up was for
2 years. The members of the CPAP group experienced
a greater reduction in the number of apneas and
hypopneas
suffered,
in
their
noradrenaline
concentration, and a greater increase in their mean
nocturnal oxygen saturation. The ejection fraction and
the 6-minute walk test performance were also
improved. No significant differences were seen
between the number of hospitalizations, quality of life,
the concentration of atrial natriuretic peptide, or in
percentage survival. In their conclusions the authors
mention that no data are available that suggest the use
of CPAP can increase the survival of patients with
central sleep apnea and heart failure.
The Insuficiencia Respiratoria y Trastornos del
Sueño de la Sociedad Española de Neumología y
Cirugía Torácica (SEPAR)35 group performed the first
placebo-controlled study to analyze the effects of
CPAP on the ejection fraction of patients with stable
congestive heart disease receiving optimum treatment,
and with systolic dysfunction (ejection fraction ≤40%)
and sleep apnea (either central or obstructive). In their
population of 72 patients the percentage with CheyneStokes respiration was close to 19%, a figure far from
the 40% suggested by American epidemiological data.
Among those randomized to the treatment group, the
SF-36 questionnaire revealed improvements in the
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LVEF and quality of life.35 The only beneficial
cardiovascular effects were seen in patients with an
LVEF of ≥30%. Further research is required to
determine whether treatment with CPAP leads to
greater survival in patients still showing a degree of
myocardial contractile reserve.
CONCLUSIONS
The observational and epidemiological studies
performed to date show there is an association
between sleep apnea and cardiovascular disease.
Much research effort is now being directed into
establishing causality. Given that the majority of
patients with SAHS are asymptomatic, it is important
to determine whether early diagnosis and treatment
might modify the course of cardiovascular disease
and have a positive impact on survival. To advance
our knowledge of the impact of sleep-associated
respiratory problems, animal models are required that
will allow their pathophysiological mechanisms to be
explored. In addition, close collaboration between
epidemiologists and specialists in respiratory
medicine and cardiovascular disease will be
necessary.

REFERENCES

1. Kalon KL, Heaven M, Anderson. Survival the onset of congestive
heart failure in Frammingham Heart Study subjects. Circulation.
1993;88:107-15.
2. Montserrat JM, Ferrer M, Hernández L, Farré R, Vilagut G,
Navajas D, et al. Effectiveness of CPAP treatment in daytime
function in sleep apnea syndrome-A randomized controlled study
with an optimized placebo. Am J Respir Crit Care Med.
2001;164: 608-13.
3. Monasterio C, Vidal S, Duran J, Ferrer M, Carmona C, Barbé F,
et al. Effectiveness of continuous positive airway pressure in mild
sleep apnea-hypopnea syndrome. Am J Respir Crit Care Med.
2001;64:939-43.
4. Terán Santos J, Jiménez Gomez A, Cordero Guevara J. The
association between sleep apnea and the risk of traffic accidents.
N Engl J Med. 1999;340:847-51.
5. Parra O, Arboix A, Bechich S, García-Eroles L, Montserrat JM,
López JA, et al. Time course of sleep-related breathing disorders
in First-Ever Stroke or Transient Ischemic Attack. Am J Respir
Crit Care Med. 2000;161:375-80.
6. Shamsuzzaman AS, Gersh BJ, Sommers VV. Obstructive sleep
apnea complications and cardiovascular disease. JAMA. 2003;
290:1906-14.
7. Roux F, D’Ambrosio MR, Mohsenin V. Sleep related breathing
and cardiovascular disease. Am J Med. 2000;108:396-402.
8. Stradling JR, Pepperell JCT, Davies RJO. Sleep apnoea and
hypertension: Prof. At Last? Thorax. 2001;56 Suppl II:45-9.
9. Fletcher EC, Lesske J, Quian W, Miller CCD, Unger T.
Repetitive episodic hypoxia causes diurnal elevation of blood
pressure in rats. Hypertension. 1992;19:555-61.
10. Peppard PE, Young T, Palta M, Skatrud J. Prospective Study of
the Association between Sleep-Disordered Breathing and
Hypertension. N Engl J Med. 2000;342:1378-84.

11. Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Redline S,
et al. Association of sleep apnea and hypertension in a large
community-based study. sleep heart health study. JAMA.
2000;283:1829-36.
12. Shahar E, Whitney CW, Redline S. Sleep-disordered breathing
and cardiovascular disease. Cross-sectional results of the Sleep
Heart Health Study. Am J Respir Crit Care Med. 2001;163:19-25.
13. Bixler EO, Vgontzas AN, Lin H, Have TT, Leiby BE, VelaBueno A, et al. Association of hypertension and sleep-disordered
breathing. Arch Intern Med. 2000;160:2289-95.
14. Faccenda JF, Mackay TW, Boon NA, Douglas NJ. Randomized
placebo-controlled trial of continuous positive airway pressure on
blood pressure in the sleep apnea-hypopnea syndrome. Am J
Respir Crit Care Med. 2001;163:344-8.
15. Pepperell JCT, Ramdassingh-Dow S, Crosthwaite N, Mullins R,
Jenkinson C, Stradling JR, et al. Ambulatory blood pressures
after therapeutic and subtherapeutic nasal continuous positive
airway pressure for obstructive sleep apnoea: a randomised
parallel trial. Lancet. 2001;359:204-10.
16. Schafer H, Koehler U, Ewig S, Hasper E, Tasci S, Luderitz B.
Obstructive sleep apnea as a risk marker in coronary artery
diseases. Cardiology. 1999;92:79-84.
17. Mooe T, Franklin KA, Wiklund U, Rabben T, Holmström K.
Sleep disordered breathing and myocardial ischemia in patients
with coronary artery disease. Chest. 2000;117:1597-602.
18. Gami AS, Howard DE, Olson EJ, Somers VK. Day-night pattern
of sudden death in obstructive sleep apnea. N Engl J Med. 2005;
352:1206-14.
19. Mooe T, Franklin KA, Holmström K, Rabben T, Wiklund U.
Sleep disordered breathing and coronary artery disease. Longterm prognosis. Am J Respir Crit Care Med. 2001;164:1910-3.
20. Franklin KA, Nilsson JB, Shalind C, Naslund U. Sleep apnea and
nocturnal angina. Lancet. 1995;345:1085-7.
21. Javaheri S, Parker TJ, Newton G, Floras JS, Bradley TD. Sleep
apnea in 81 ambulatory male patients with stable heart failure.
Types and their prevalences, consequences, and presentations.
Circulation. 1998;97:2154-9.
22. Sinn DD, Palta M, Parker JD, Newton G, Floras JS, Bradley TD.
Risk factors for central and obstructive sleep apnea in 450 men
and women with congestive heart failure. Am J Respir Crit Care
Med. 1999;160:1101-6.
23. Chan J, Sanderson J, Chan W, Lai C, Choy D, Ho A, et al.
Prevalence of sleep disordered breathing in diastolic heart failure.
Chest. 1997;111:1488-93.
24. Malone S, Liu PP, Holloway R, Rutherford R, Xie A, Bradley
TD. Obstructive sleep apnea in patients with dilated
cardiomiopathy: effects of continuous positive airway pressure.
Lancet. 1991;338:1480-4.
25. Naughton MT, Bradley TD. Sleep apnea in congestive heart
failure. Clin Chest Med. 1998;19:99-113.
26. Lorenzi-Filho G, Rankin F, Bies I, Bradley TD. Effects of inhaled
carbon dioxide and oxygen on Cheyne-Stokes respiration in
patients with heart failure. Am J Respir Crit Care Med. 1999;128:
204-7.
27. Yu J, Zhang JF, Fletcher EC. Stimulation of breathing by
activation of pulmonary peripheral afferents in rabbits. J Appl
Physiol. 1998;85:1485-92.
28. Hall MJ, Bradley TD. Cardiovascular disease and sleep apnea.
Curr Opin Pulmon Med. 1995;1:512-8.
29. Takasaki Y, Orr D, Popkin J, Rutherford R, Liu P, Bradley TD.
Effect of nasal continuous positive airway pressure on sleep
apnea in congestive heart failure. Am Rev Respir Dis. 1989;140:
1578-84.
30. Naughton MT, Bernard DC, Rutherford R, Bradley TD. Effects
of continuous positive airway pressure on central sleep apnea and
nocturnal pCO2 in heart failure. Am J Respir Crit Med. 1994;
150:1598-604.
31. Teschler H, Dohring J, Wang YM, Berthon Jones M. Adaptive
pressure support servo-ventilation. A novel treatment for Cheynes
Rev Esp Cardiol. 2006;59(7):718-24

723

Document downloaded from http://www.revespcardiol.org, day 24/05/2013. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

13 Review 7279-718-724

22/3/07

17:52

Página 724

Terán Santos J et al. Sleep Apnea-Hypopnea Syndrome and the Heart

Stokes respiration in heart failure. Am J Respir Crit Care Med.
2001;164:614-9.
32. Sinn DD, Logan Ag, Fitgerald FS, Liu PP, Bradley TD. Effects of
continuous positive airway pressure on cardiovascular outcomes
in heart failure patients with and without Cheynes Stokes
respiration. Circulation. 2000;102:61-6.
33. Bradley TD, Logan AG, Floras JS. Rationale and design of the
Canadian continuous positive airway pressure trial for congestive

724

Rev Esp Cardiol. 2006;59(7):718-24

heart failure patients with central sleep apnea-CANPAP. Can J
Cardiol. 2001;17:677-84.
34. Bradley TD, Logan AG, Kimoff RJ, Series F, Morrison D, et al.
Continuous Positive Airway Pressure for central sleep apnea and
hert failure. N Engl J Med. 2005;353:2025-33.
35. Egea Santaolalla C. Sleep apnea and heart failure [abstract]. Eur
Resp J. 2004;24:564.

