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MOVAHED, M. R., ET AL.: Cardiovascular Abnormalities and Arrhythmias in Patients with Ondine’s Curse
(Congenital Central Hypoventilation) Syndrome: A Review. Patients with congenital central hypoventilation syndrome (CCHS) (Ondine’s curse syndrome) have impaired autonomic control of ventilation with
intact voluntary control of respiration. Autonomic dysfunction and cardiac abnormalities are common in
CCHS. Bradyarrhythmias are life-threatening and often require pacemaker insertion. We presented a case
of a patient with CCHS suffering from long sinus pauses requiring cardiac pacemaker insertion. Patients
with CCHS are at risk for pulmonary hypertension and cor pulmonale secondary to chronic hypoxia.
Diaphragmatic pacing has been beneficial in some patients with CCHS. In this article, we review concomitant cardiac abnormalities and the occurrence of bradyarrhythmias in patients with CCHS. (PACE 2005;
28:1226–1230)
bradyarrhythmias, Ondine’s curse, congenital central hypoventilation syndrome,
cardiac abnormalities, pacemaker
Definition and Underlying Pathophysiology
Congenital central hypoventilation syndrome
(CCHS) is a heterogeneous disorder presenting
with impaired autonomic control of ventilation.
Ondine was a female water sprite who fell in love
with a knight and married him. Once he became
unfaithful to her, he was condemned to stay awake
in order to breathe. If he fell asleep, he would
forget to breathe and die. This legend remarkably
matches the CCHS, thus giving the name of Ondine’s curse to this disorder. It usually presents
with adequate ventilation while awake and
diminished respiratory effort during sleep.1–3 The
incidence of this disorder is thought to be approximately 1 in 50,000 live births.4 Children with this
condition lack perception of dyspnea, but voluntary control of breathing is intact.5 During exercise they are at risk for hypoxia and hypercapnea.6 Most severely affected children have hypoventilation both during sleep and while awake.
Autonomic dysfunction is the underlying pathophysiological abnormality in these patients. It is
diagnosed in the absence of primary neuromuscular, cardiac, lung or brain abnormalities. There are
many other organ system abnormalities associated
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with this syndrome, including the cardiovascular
system which is the focus of this review. CCHS
is generally thought to be secondary to insensitivity of the central chemoreceptors to carbon dioxide or abnormal central integration of chemoreceptor input. However, these children respond to
hypercapnea with arousal suggesting that some
chemoreceptor function is intact. The most probable mechanism of CCHS is a brainstem lesion in
the area where input from chemoreceptors are integrated.3 Most of these patients require mechanical ventilation early in childhood and some benefit from diaphragmatic pacing.7–11 Few patients
have late onset of the disease. Noninvasive ventilation has been successful in some patients.12–14
The course of this disease is variable. Some
patients survive into adulthood, but frequently
need multiple hospitalizations and lifelong ventilatory support.15–17 There are familial cases reported and genetic abnormalities have been found
in patients with CCHS.18–25 Genetic abnormalities involve mutation in a polyalanine tract of
PHOX2b.26–29
Associated conditions are related to dysfunction of autonomic nervous system with involvement of ganglia. There are many primary concomitant illnesses with this syndrome such as gastroesophageal reflux, seizure disorder, Hirschsprung’s
disease, neuroblastoma, ophthalmologic abnormalities and developmental delay. Autonomic
dysfunction is widespread and includes sporadic
profuse sweating episodes, esophageal dysmotility, diminished pupillary light response, poor
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temperature regulation, lack of fever with infections, and abnormal tearing.
Cardiovascular abnormalities are present in
many patients with CCHS and are thought to be
secondary to chronic hypoxia or autonomic dysfunction. Autonomic dysfunction results in diminished heart rate variability, recurrent syncope,
cardiac arrhythmias and asystole, requiring pacemaker insertion.30 Secondary disorders are related
to hypoxia such as pulmonary hypertension and
cor pulmonale.30–34 A comprehensive list of the
associated disorders is reported by Vanderlaan et
al.,30 listing 59 comorbid conditions in patients
with CCHS. It is important to realize that the clinical presentation of CCHS is quite variable and dependent on the severity of the disorder.35 Some infants may require assisted ventilation initially but
may mature to a level of adequate breathing during wakefulness, which is thought to be secondary
to maturation of respiratory systems.36 Others may
present at a later age with hypoxia, cyanosis, and
right heart failure as the first symptoms of CCHS
and some may present with unexplained apnea
and life-threatening event.35
Cardiac Abnormalities
Autonomic Dysfunction and Cardiac
Arrhythmias
Autonomic dysfunction has been reported in
many patients with CCHS. Autonomic regulation
of respiratory and cardiac function occurs simultaneously. Abnormal hypothalamic function28 as
a regulator of respiratory and cardiac function can
partially explain this connection. Many patients
with autonomic dysfunction present with abnormal heart rate variability affecting the low- and
high-frequency components.37–43 Furthermore, abnormal heart rate beat-to-beat variability has been
demonstrated in patients with this disorder.38,39
An increased ratio of low-frequency to highfrequency band spectral power and transient asystolic episodes have been seen in these patients.38,39
In a series of 56 patients with CCHS, the following
disorders were noted: 31 patients with heart rate
variability, 22 with dysrthmia, 13 with vasovagal
syncope, 12 with loss of consciousness, 8 with cold
fingers and toes, 8 with dizziness, 4 with postural
hypotension, 2 with altered vascularity of the face,
2 with paroxysmal hypertension and 2 with Raynaud (see Table I).18
Some patients have attenuated heart rate response to exercise.25,44 Interestingly, by using
spectral analysis, the low-high frequency spectra
ratios decreased in sleep, but was similar in both
control and CCHS groups during wakefulness.43
Silvestri et al. found significant baseline low heart
rates in patients with CCHS and higher rates of
PACE, Vol. 28

Table I.
Reported Cardiovascular Abnormalities in Congenital
Central Hypoventilation Syndrome (CCHS) or Ondine’s
Curse Syndrome18,30,50
Number of Patients
in Percent
Recurrent fainting episodes
Cardiac arrhythmias
Cardiac pacer
Cor pulmonale/pulmonary
hypertension
Blurred vision with standing
Decrease heart rate variability
Vasovagal syncope
Cold finger and toes
Dizziness
Postural hypotension
Paroxysmal hypertension
Raynaud
No nocturnal BP dipping

12–25%
22–39%
4–6%
17–78%
14%
55%
13%
14–43%
14%
7%
4%
4%
90%

long sinus pauses up to 6 seconds in patients with
CCHS undergoing broncoscopy, in comparison to
the control.45 Although these episodes resolved
spontaneously, it was severe enough to alarm
the anesthesiologist. Close monitoring of these
patients for bradyarrhythmias is recommended
during bronchoscopy. Aberrant neural response
to cold pressor challenges has been documented
in CCHS patients affected by abnormal PHOX2B
gene.42 The percentage of time in respiratory sinus
arrhythmia, which is a signal of normal regulation
of autonomic nervous system, is significantly decreased in CCHS patients.1 This phenomenon, together with decreased breath-to-breath variability
during spontaneous breathing while asleep, is an
indicator that the autonomic control of the cardiorespiratory system is impaired. This is thought to
be a basic pathophysiology of this disorder.
Other concomitant disorders of autonomic
dysfunction are severe constipation, profuse
sweating, abnormal pupillary function, and decrease in body temperature. Furthermore, autonomic crisis has been described in patient with
CCHS, with or without elevation of urinary catecholamines.46 Abnormal findings of neuronal loss
of the reticular, ambiguous nuclei, and dorsal motor nuclei of the vagus nerve support the structural abnormalities involving the autonomic nervous system.47
Autonomic dysfunction can present with
neurally-mediated syncope48 which is most likely
secondary to baroreflex abnormalities. Baroreflex
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sensitivity was reduced by one-third in comparison to matched control.41 The autonomic
dysfunction could progress to a more severe
form of cardiac arrhythmias with overreaction to
medications such as propofol causing complete
heart block49 or it can present with long sinus
pauses and asystole.45 Some patients will require pacemaker insertion. In a series of 32 patients with CCHS, the predominant arrhythmias
were sinus bradycardia and transient asystole.
Heart block and sick sinus syndrome occurred in
two patients requiring permanent cardiac pacemaker insertion.50 In a larger survey of 196 patients with CCHS, cardiac pacing was required
in 4.1% of the patients.30 However, underlying
rhythm abnormalities leading to pacemaker insertion was not reported. Significant abnormalities in dopamine turnover is consistent with abnormal catecholaminergic neuronal activity.15 We
presented a case report of a patient with CCHS who
required a cardiac pacemaker insertion in addition to a diaphragmatic pacemaker due to multiple episodes of long sinus pauses later in life. A
summary of the described cardiovascular abnormalities of reported cases can be seen in Table I.
Blood Pressure Abnormalities
Autonomic dysfunction causes blood pressure dysregulation in CCHS. Nocturnal dipping
in systolic blood pressure is impaired with lower
baseline blood pressure while awake and higher
blood pressures during sleep with reduced nocturnal blood pressure dipping with high frequency
in these patients.51 Trang et al. measured continuous blood pressure in the supine, head-up tilt, and
standing positions. Blood pressure levels were preserved at rest but failed to overshoot after standing in response to orthostatic stimulation. This
suggests vagal dysfunction and baroreflex failure
with relatively preserved vascular sympathetic
function.37 The baroreflex abnormalities and low
baseline blood pressure could partially explain recurrent fainting spells that occurs in 25% of these
patients.36 Postural hypotension has been found to
occur in 7% and paroxysmal hypertension in 4%
of patients with CCHS.18 This is consistent with
dysregulation of blood pressure control (Table I).
Right Heart Failure and Cor Pulmonale
Many patients with CCHS can develop severe
hypoventilation and hypoxia, especially during
sleep. This could lead to pulmonary hypertension
and cor pulmonale. Clinical presentation of CCHS
is quite variable. Some children may present at a
later age with hypoxia, cyanosis, and right heart
failure as the first indications of CCHS.35 Infants
with less severe CCHS can present with tachycardia, diaphoresis, and cyanosis during sleep which
1228

could lead to pulmonary hypertension and cor pulmonale.44,52 Weese-Mayer et al.50 reported 78% incidence of cor pulmonale which can lead to right
heart failure35 and can be mistaken as cyanotic
heart disease. In a large survey of 196 patients with
CCHS, cor pulmonale was found in 16.8% of the
patients. These studies suggest a high prevalence
of this condition in patients with CCHS.30 However, Oren et al. found that cardiac complications
such as heart failure mostly occurred early in the
course of this disease and resolved with correction
of inadequate mechanical ventilation.15 This suggests that early recognition and treatment of CCHS
could reverse hypoxic-induced heart failure.
Comparison to Obstructive and Central
Sleep Apnea
Sleep-related disorder of ventilation, the socalled obstructive or central sleep apnea, can
occur in children and adults and resembles CCHS,
which cause hypoxia during sleep. However, these
sleep disorders are not congenital and are mostly
secondary to airway obstruction during sleep or
central apnea secondary to concomitant disorders involving heart or central nervous system.
Obstructive sleep apnea (OSA) is one of the most
common respiratory disorders affecting 1–2% of
children53–55 and 2–4% of adults.56,57 In children,
it is thought to be secondary to adenotonsilar
hypertrophy, craniofacial malformation, anatomical narrowing of the upper airway, reduced airway tone, neuromuscular disorder, and obesity.53
Adenotonsillectomy is curative in most patients.58
Children at high risk for OSA are those with Down
syndrome, achondroplasia, mucupolysaccharosis,
premature infants, and spina bifida.53 The apneas
in this disorder is secondary to airway obstruction and should be differentiated from CCHS. Central sleep apnea (CSA) is an acquired sleep disorder that usually occurs in adults and is not a
single disease but present as the final pathway
in a large group of heterogeneous disorders. It
is characterized by apneic events during sleep
with no associated ventilatory effort.59 It usually
occurs in patients with congestive heart failure,
nasal obstruction, neurological or inflammatory
disorders affecting the brain stem, obesity, and idiopathic.60 However, there is substantial overlap
between OSA and CSA.61 There is a clear relationship between sleep apnea and cardiovascular disease. These abnormalities include cor pulmonale
and systemic and pulmonary hypertension. Cardiac arrhythmias are very common with a prevalence of 58% and include sinus arrest, AV blocks,
tachyarrhythmias, and atrial fibrillation.56,62–64 Increase sympathetic tone and cycle variation in
blood pressure and heart rate are thought to be
the reason for increase prevalence of coronary

November 2005

PACE, Vol. 28

CARDIOVASCULAR ABNORMALITIES IN CCHS

artery disease, congestive heart failure, and stroke
in this population.56,62,65 Treatment with continuous positive airway pressure ventilation or correction of anatomical obstruction has been shown
to decrease the risk of arrhythmias and cardiovascular disease.58,66,67 On the other hand, cardiac
pacing in OSA patients presenting with significant bradyarrhythmias has shown to reduce apnea
episodes.68–71
Conclusion
There is a wide spectrum of severity in the
clinical manifestation of CCHS. There are over
50 concomitant disorders that can occur with
this syndrome. Most cardiovascular abnormalities are related to autonomic dysfunction and

can present with life-threatening bradyarrhythmias and asystole. Pulmonary hypertension and
right heart failure are common complications secondary to chronic hypoxia. Comprehensive evaluation of every patient with CCHS is important for
early diagnosis and appropriate treatment of significant cardiac abnormalities. We agree with the
American Thoracic Society1 that 24-hour Holter
monitoring should be performed every 12 months
or with the occurrence of syncope or dizziness
in order to detect long sinus pauses and asystole.
Early recognition of significant bradyarrhythmias
should prompt the clinician to consider permanent cardiac pacemaker insertion. CCHS should
be differentiated from OSA, which is caused by
airway obstruction during sleep.
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February 14–15, 2002.
Shea SA, Andres LP, Paydarfar D, Banzett RB, Shannon DC. Effect
of mental activity on breathing in congenital central hypoventilation syndrome. Respir Physiol 1993; 94(3):251–263.
Shea SA, Andres LP, Shannon DC, Banzett RB. Ventilatory responses to exercise in humans lacking ventilatory chemosensitivity. J Physiol 1993;468:623–640.
Flageole H. Central hypoventilation and diaphragmatic eventration: Diagnosis and management. Semin Pediatr Surg 2003;
12(1):38–45.
Fitzgerald D, Davis GM, Gottesman R, Fecteau A, Guttman F. Diaphragmatic pacemaker failure in congenital central hypoventilation syndrome: A tale of two twiddlers. Pediatr Pulmonol 1996;
22(5):319–321.
Hunt CE, Matalon SV, Thompson TR, Demuth S, Loew JM, Liu HM,
Mastri A, Burke B. Central hypoventilation syndrome: Experience
with bilateral phrenic nerve pacing in 3 neonates. Am Rev Respir
Dis 1978; 118(1):23–28.
Weese-Mayer DE, Morrow AS, Brouillette RT, Ilbawi MN, Hunt CE.
Diaphragm pacing in infants and children. A life-table analysis
of implanted components. Am Rev Respir Dis 1989; 139(4):974–
979.
Meisner H, Schober JG, Struck E, Lipowski B, Mayser P, Sebening
F. Phrenic nerve pacing for the treatment of central hypoventilation
syndrome: State of the art and case report. Thorac Cardiovasc Surg
1983; 31(1):21–25.
Migliori C, Cavazza A, Motta M, Bottino R, Chirico G. Early use of
Nasal-BiPAP in two infants with Congenital Central Hypoventilation syndrome. Acta Paediatr 2003; 92(7):823–826.
Tibballs J, Henning RD. Noninvasive ventilatory strategies in the
management of a newborn infant and three children with congenital central hypoventilation syndrome. Pediatr Pulmonol 2003;
36(6):544–548.
Cirignotta F, Schiavina M, Mondini S, Lugaresi A, Fabiani A,
Cortelli P, Lugaresi E. Central alveolar hypoventilation (Ondine’s
curse) treated with negative pressure ventilation. Monaldi Arch
Chest Dis 1996; 51(1):22–26.
Oren J, Kelly DH, Shannon DC. Long-term follow-up of children with congenital central hypoventilation syndrome. Pediatrics
1987; 80(3):375–380.
Guilleminault C, McQuitty J, Ariagno RL, Challamel MJ, Korobkin
R, McClead RE Jr. Congenital central alveolar hypoventilation syndrome in six infants. Pediatrics 1982; 70(5):684–694.

PACE, Vol. 28

17. Trang H, Dehan M, Beaufils F, Zaccaria I, Amiel J, Gaultier C, French
CCHS Working Group. The French Congenital Central Hypoventilation Syndrome Registry: General data, phenotype, and genotype.
Chest 2005; 127(1):72–79.
18. Weese-Mayer DE, Silvestri JM, Huffman AD, Smok-Pearsall SM,
Kowal MH, Maher BS, Cooper ME, Marazita ML. Case/control family study of autonomic nervous system dysfunction in idiopathic
congenital central hypoventilation syndrome. Am J Med Genet
2001; 100(3):237–245.
19. Kerbl R, Litscher H, Grubbauer HM, Reiterer F, Zobel G, Trop M,
Urlesberger B, Eber E, Kurz R. Congenital central hypoventilation
syndrome (Ondine’s curse syndrome) in two siblings: Delayed diagnosis and successful noninvasive treatment. Eur J Pediatr 1996;
155(11):977–980.
20. Folgering H, Kuyper F, Kille JF. Primary alveolar hypoventilation (Ondine’s curse syndrome) in an infant without external arcuate nucleus. Case report. Bull Eur Physiopathol Respir 1979;
15(4):659–665.
21. Weese-Mayer DE, Berry-Kravis EM. Genetics of congenital central
hypoventilation syndrome: Lessons from a seemingly orphan disease. Am J Respir Crit Care Med 2004; 170(1):16–21.
22. Sritippayawan S, Hamutcu R, Kun SS, Ner Z, Ponce M, Keens
TG. Mother-daughter transmission of congenital central hypoventilation syndrome. Am J Respir Crit Care Med 2002; 166(3):367–
369.
23. Sasaki A, Kanai M, Kijima K, Akaba K, Hashimoto M, Hasegawa H,
Otaki S, Koizumi T, Kusuda S, Ogawa Y, Tuchiya K, Yamamoto W,
Nakamura T, Hayasaka K. Molecular analysis of congenital central
hypoventilation syndrome. Hum Genet 2003; 114(1):22–26.
24. Kanai M, Numakura C, Sasaki A, Shirahata E, Akaba K, Hashimoto
M, Hasegawa H, Shirasawa S, Hayasaka K. Congenital central hypoventilation syndrome: A novel mutation of the RET gene in an
isolated case. Tohoku J Exp Med 2002; 196(4):241–246.
25. Trang H, Laudier B, Trochet D, Munnich A, Lyonnet S, Gaultier C,
Amiel J. PHOX2B gene mutation in a patient with late-onset central
hypoventilation. Pediatr Pulmonol 2004; 38(4):349–351.
26. Stankiewicz JA, Pazevic JP. Acquired Ondine’s curse. Otolaryngol
Head Neck Surg 1989; 101(5):611–613.
27. Giangaspero F, Schiavina M, Sturani C, Mondini S, Cirignotta
F. Failure of automatic control of ventilation (Ondine’s curse)
associated with viral encephalitis of the brainstem: A clinicopathologic study of one case. Clin Neuropathol 1988; 7(5):234–
237.
28. Katz ES, McGrath S, Marcus CL. Late-onset central hypoventilation with hypothalamic dysfunction: A distinct clinical syndrome.
Pediatr Pulmonol 2000; 29(1):62–68.
29. Windisch W, Hennings E, Storre JH, Matthys H, Sorichter S. Longterm survival of a patient with congenital central hypoventilation
syndrome despite the lack of continuous ventilatory support. Respiration 2004; 71(2):195–198.
30. Vanderlaan M, Holbrook CR, Wang M, Tuell A, Gozal D. Epidemiologic survey of 196 patients with congenital central hypoventilation syndrome. Pediatr Pulmonol 2004; 37(3):217–229.
31. Takeda S, Fujii Y, Kawahara H, Nakahara K, Matsuda H. Central

November 2005

1229

MOVAHED, ET AL.

32.
33.

34.
35.

36.

37.
38.

39.
40.

41.
42.
43.
44.

45.

46.
47.
48.
49.
50.

alveolar hypoventilation syndrome (Ondine’s curse) with gastroesophageal reflux. Chest 1996; 110(3):850–852.
Fodstad H, Ljunggren B, Shawis R. Ondine’s curse with
Hirschsprung’s disease. Br J Neurosurg 1990; 4(2):87–93.
Rohrer T, Trachsel D, Engelcke G, Hammer J. Congenital central
hypoventilation syndrome associated with Hirschsprung’s disease
and neuroblastoma: Case of multiple neurocristopathies. Pediatr
Pulmonol 2002; 33(1):71–76.
Croaker GD, Shi E, Simpson E, Cartmill T, Cass DT. Congenital central hypoventilation syndrome and Hirschsprung’s disease. Arch
Dis Child 1998; 78(4):316–322.
Marcus CL, Jansen MT, Poulsen MK, Keens SE, Nield TA, Lipsker
LE, Keens TG. Medical and psychosocial outcome of children
with congenital central hypoventilation syndrome. J Pediatr 1991;
119(6):888–895.
Paton JY, Swaminathan S, Sargent CW, Keens TG. Hypoxic and hypercapnic ventilatory responses in awake children with congenital central hypoventilation syndrome. Am Rev Respir Dis 1989;
140(2):368–372.
Trang H, Girard A, Laude D, Elghozi JL. Short-term blood pressure
and heart rate variability in congenital central hypoventilation syndrome (Ondine’s curse). Clin Sci (Lond) 2005; 108(3):225–230.
Ogawa T, Kojo M, Fukushima N, Sonoda H, Goto K, Ishiwa S, Ishiguro M. Cardio-respiratory control in an infant with Ondine’s curse:
A multivariate autoregressive modelling approach. J Auton Nerv
Syst 1993; 42(1):41–52.
Woo MS, Woo MA, Gozal D, Jansen MT, Keens TG, Harper RM.
Heart rate variability in congenital central hypoventilation syndrome. Pediatr Res 1992; 31(3):291–296.
Haddad GG, Mazza NM, Defendini R, Blanc WA, Driscoll JM, Epstein MA, Epstein RA, Mellins RB. Congenital failure of automatic control of ventilation, gastrointestinal motility and heart rate.
Medicine (Baltimore) 1978; 57(6):517–526.
van de Borne P. New evidence of baroreflex dysfunction in congenital central hypoventilation syndrome. Clin Sci (Lond) 2005;
108(3):215–216.
Macey PM, Macey KE, Woo MA, Keens TG, Harper RM. Aberrant
neural responses to cold pressor challenges in congenital central
hypoventilation syndrome. Pediatr Res 2005; 57:500–509.
Gozal D. Congenital central hypoventilation syndrome: An update.
Pediatr Pulmonol 1998; 26(4):273–282.
Silvestri JM, Weese-Mayer DE, Flanagan EA. Congenital central
hypoventilation syndrome: Cardiorespiratory responses to moderate exercise, simulating daily activity. Pediatr Pulmonol 1995;
20(2):89–93.
Silvestri JM, Hanna BD, Volgman AS, Jones PJ, Barnes SD, WeeseMayer DE. Cardiac rhythm disturbances among children with idiopathic congenital central hypoventilation syndrome. Pediatr Pulmonol 2000; 29(5):351–358.
Commare MC, Francois B, Estournet B, Barois A. Ondine’s curse:
A discussion of five cases. Neuropediatrics 1993; 24(6):313–318.
Liu HM, Loew JM, Hunt CE. Congenital central hypoventilation
syndrome: A pathologic study of the neuromuscular system. Neurology 1978; 28(10):1013–1019.
O’Sullivan J, Cottrell AJ, Wren C. Ondine’s curse and neurally
mediated syncope—a new and important association. Eur Heart
J 1993; 14(9):1289–1291.
Sochala C, Deenen D, Ville A, Govaerts MJ. Heart block following
propofol in a child. Paediatr Anaesth 1999; 9(4):349–351.
Weese-Mayer DE, Silvestri JM, Menzies LJ, Morrow-Kenny AS,
Hunt CE, Hauptman SA. Congenital central hypoventilation syndrome: Diagnosis, management, and long-term outcome in thirtytwo children. J Pediatr 1992; 120(3):381–387.

1230

51. Trang H, Boureghda S, Denjoy I, Alia M, Kabaker M. 24-hour BP in
children with congenital central hypoventilation syndrome. Chest
2003; 124(4):1393–1399.
52. Del Carmen Sanchez M, Lopez-Herce J, Carrillo A, Moral R, Arias
B, Rodriguez A, Sancho L. Late onset central hypoventilation syndrome. Pediatr Pulmonol 1996; 21(3):189–191.
53. Nixon GM, Brouillette RT. Sleep · 8: Paediatric obstructive sleep
apnoea. Thorax 2005; 60(6):511–516.
54. Gislason T, Benediktsdottir B. Snoring, apneic episodes, and nocturnal hypoxemia among children 6 months to 6 years old. An
epidemiologic study of lower limit of prevalence. Chest 1995;
107(4):963–966.
55. Ali NJ, Pitson DJ, Stradling JR. Snoring, sleep disturbance, and
behaviour in 4–5 year olds. Arch Dis Child 1993; 68(3):360–366.
56. Lattimore JD, Celermajer DS, Wilcox I. Obstructive sleep apnea and
cardiovascular disease. J Am Coll Cardiol 2003; 41(9):1429–1437.
57. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-disordered breathing among middle-aged adults.
N Engl J Med 1993 29; 328(17):1230–1235.
58. Chan J, Edman JC, Koltai PJ. Obstructive sleep apnea in children.
Am Fam Physician 2004; 69(5):1147–1154.
59. Thalhofer S, Dorow P. Central sleep apnea. Respiration. 1997;
64(1):2–9.
60. White DP. Central sleep apnea. Med Clin North Am 1985;
69(6):1205–1219.
61. De Backer WA. Central sleep apnoea, pathogenesis and treatment:
an overview and perspective. Eur Respir J 1995; 8(8):1372–1383.
62. Caples SM, Gami AS, Somers VK. Obstructive sleep apnea. Ann
Intern Med 2005; 142(3):187–197.
63. Koehler U, Fus E, Grimm W, Pankow W, Schafer H, Stammnitz
A, Peter JH. Heart block in patients with obstructive sleep apnoea:
Pathogenetic factors and effects of treatment. Eur Respir J 1998;
11(2):434–439.
64. Kanagala R, Murali NS, Friedman PA, Ammash NM, Gersh BJ,
Ballman KV, Shamsuzzaman AS, Somers VK. Obstructive sleep
apnea and the recurrence of atrial fibrillation. Circulation 2003;
107(20):2589–2594.
65. Shamsuzzaman AS, Gersh BJ, Somers VK. Obstructive sleep apnea: Implications for cardiac and vascular disease. JAMA 2003;
290(14):1906–1914.
66. Grimm W, Koehler U, Fus E, Hoffmann J, Menz V, Funck R, Peter
JH, Maisch B. Outcome of patients with sleep apnea-associated
severe bradyarrhythmias after continuous positive airway pressure
therapy. Am J Cardiol 2000; 86(6):688–692.
67. Somers VK, Dyken ME, Clary MP, Abboud FM. Sympathetic neural mechanisms in obstructive sleep apnea. J Clin Invest 1995;
96(4):1897–1904.
68. Narkiewicz K, Kato M, Phillips BG, Pesek CA, Davison DE, Somers
VK. Nocturnal continuous positive airway pressure decreases daytime sympathetic traffic in obstructive sleep apnea. Circulation
1999; 100(23):2332–2335.
69. Sinha AM, Skobel EC, Breithardt OA, Norra C, Markus KU, Breuer
C, Hanrath P, Stellbrink C. Cardiac resynchronization therapy improves central sleep apnea and Cheyne-Stokes respiration in patients with chronic heart failure. J Am Coll Cardiol 2004; 44(1):68–
71.
70. Garrigue S, Bordier P, Barold SS, Clementy J. Sleep apnea: A new
indication for cardiac pacing? Pacing Clin Electrophysiol 2004;
27(2):204–211.
71. Garrigue S, Bordier P, Jais P, Shah DC, Hocini M, Raherison C,
Tunon De Lara M, Haissaguerre M, Clementy J. Benefit of atrial
pacing in sleep apnea syndrome. N Engl J Med 2002; 346(6):404–
412.

November 2005

PACE, Vol. 28

