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Sleep-Related Breathing
Disorders in Children

Family physicians need to be aware of the clinical features of various sleep-
related breathing disorders, as they will be called on to evaluate symptoms
that may either comprise a normal variation in human physiology or indi-
cate serious disease.

By lan MacLusky, MBBS, FRCPC, FAAP

Relative hypoventilation is a normal event dur- There are a number of respiratory disorder

ing sleep. The combination of a loss of uppdhat are specific to sleep. It has been more than

airway tone, and a reduction in respiratory drivel5 years since Guilleminault first described
results in a small, but significant, rise in arteriabbstructive sleep apnea (OSA) in childfem
pCO, and a fall in arterial p@! Consequently, the intervening period, we have gained signifi:

any disorder or disease that adversely affects resnt knowledge with respect to sleep-related res

piration will be exacerbated during sleep. piratory disorders. At the same time, however
there remain significant gaps in our knowledge
particularly in terms of the natural history and
epidemiology of the various disordér3he lay
. _ literature contains several articles on the variou

DI LUV, 3 5 GRS , disorders, with some creating significant
professor, pediatrics, University of Toronto, and direc- parental anxiety i(e., with respect to sudden

tor, pulmonary function and sleep laboratories, .
Hospital for Sick Children, Toronto, Ontario. infant death Syndrome [SIDS])'

aware of the various disorders and their present

The family physician, therefore, needs to be
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Summary

Sleep-Related Breathing Disorders in Children

< Obstructive sleep apnea (OSA) is the most common sleep-related respiratory disorder in both adults
and children, with the basic pathophysiology being similar across all ages.

e The current “gold standard” for diagnosing OSA is polysomnography, where both respiratory status
and sleep state are monitored on a continuous basis overnight.

e Central sleep apnea in adults is commonly defined as cessation of respiration for at least 10
seconds. It is common during the neonatal period, particularly in premature infants.

e There is a definite association between the incidence of sudden infant death syndrome (SIDS) and
the child’s sleeping position. A public education policy emphasizing the importance of infants
sleeping in a supine position has produced a significant reduction in the overall incidence of SIDS.

= Diagnosis of an apparent life-threatening event is based upon clinical history. The primary concern is
to identify underlying disorders that may have triggered the event.

» Congenital central alveolar hypoventilation can occur as a result of an isolated developmental defect
of the brainstem (sometimes in association with other disorders) or as part of a more global central
nervous system insult.

e There are several disorders that may be confused with sleep-related respiratory disorders. Any

disorders causing daytime hypersomnolence may be inferred as due to sleep fragmentation
secondary to a respiratory disorder, particularly if the child snores.

simply with parental reassurance, and which neddlnting of the respiratory drive), the hypercapnia

more aggressive investigation. is transient, with arterial CQreturning to normal
) immediately upon arousal. There are, howevey,
Obstructive Sleep Apnea significant differences between adults and chill

OSA is the most common sleep-related respiratdren with respect to the presentation, clinical
ry disorder in both adults and children, with theequelae and treatment of OSA (Table 1).
basic pathophysiology being similar across all In children, the incidence of OSAis the same ir
ages. Sleep-related hypotonia of the laryngebhbth sexes. It usually arises from anatomical caus-
muscles results in a loss of upper airway tones (.e, adenoidal hypertrophy or facial anom-
hence, the upper airway collapses during inspiralies) and tends to occur predominantly durin
tion. In most individuals the negative intratapid eye movement (REM) sleep. Adults tend t
tracheal pressure alone is sufficient to triggetevelop frank obstruction, with repeated arousal
arousal, resulting in sleep fragmentation withowind fragmentation of all sleep states — the result-
desaturation. If recurrent, or with blunted arousaing loss of slow-wave sleep (stages 3 and 4 non-
the obstructed breathing results in desaturatioREM) leading to increased sleepiness and reduced
with the associated hypercapnia (rather thaalertness. In contrast, children tend to develo

hypoxemia) triggering arousal and a return of nopbstructive hypoventilation, with primarily REM

mal ventilation. Except in the most severe casémgmentation and an absence of overt arodsals.
(i.e., where sleep fragmentation has resulted ifihere is evidence that REM sleep is necessary for
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Table 1

Obstructive Sleep Apnea Syndrome — Children Versus Adults

Clinical characteristics Children Adults

Peak age Preschoolers Elderly

Sex ratio M=F M > F 5-8:1 (pre-menopause)
Etiology Adenotonsillar hypertrophy Obesity

Weight Range; failure to thrive, normal, Obese

occasionally obese

Daytime symptoms Hyperactivity, developmental delay =~ Hypersomnolence, cognitive
impairment, decreased vigilance

Treatment Surgical: 1° adenoidectomy, Medical: Weight loss/CPAP
occasionally CPAP

CPAP = continuous positive airway pressure

the processing of new information, explainingrdered, excessive night-time sweating), along
why children (especially infants) have significantwith observed obstructive apneas, evidence of sig-
ly greater REM sleep requirements than adults. mficant nasal obstruction and daytime intellectual
children, OSA is frequently associated withsequelae are the primary clinical indicators of
behavioral changes and learning disorders rath@SA. Unfortunately, clinical criteria alone are
than hypersomnolenée Obstructive apnea hasunreliable for making the diagnosis.
been described in infants, primarily those with
facial anomalies, such as Pierre Robin sequencel &boratory Diagnosis
has, however, been implicated in SIDS as well. Overnight oximetry with continuous recording can
be used to make the diagnosis. Patients with signifi
Clinical Diagnosis cant OSA will demonstrate typical “saw tooth”
OSA rarely occurs in the absence of snoringlesaturations, characterized by alternating cycles pf
Approximately 5% to 6% of normal children,desaturations and normal saturations, with each
however, snore. The diagnostic dilemma is to seppisode lasting between 45 and 90 secbiidiss is
arate the approximately 25% of children witldue to repeated cycles of obstruction, desaturation,
snoring that have significant OSA from the 75%rousal and a return to normal respiration, followeg
who have uncomplicated snoring, but no appareby repeat obstruction upon returning to sleep. This
pathophysiologic sequelae. Thearee symptoms typically occurs in 20- to 30-minute periods, reflect
and signs that are indicative of the presence of sigg exacerbation during REM sleep (Figure 1)
nificant OSA (Table 2¥.In the absence of labora-Although diagnostic of OSA, overnight oximetry
tory diagnosis, the presence of obstructed breatias low sensitivity, witmormal saturation occurring
ing during sleepi(e., loud snoring, bedclothes dis-in children with clinically significant OSA.The
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Table 2

Symptoms And Signs Of Obstructive Sleep Apnea

Symptoms Signs

e Persisting snoring, usually nightly « Increased respiratory effort during sleep, with
obvious struggling and indrawing

 Restless sleep, or “thrashing” » Excessive night-time sweating

* Hypersomnolence (occasionally) » Hypertrophied adenoids/tonsils

e Poor school performance/attention e Chronic mouth breathing

e Enuresis (variable) e Growth impairment

current “gold standard” for diagnosing OSA isulties arise in determining which patients require

polysomnography, where both respiratory statwirgical intervention. The original papers
and sleep state are monitored on a continuous badgscribed the most severely affected children —
overnight. There are recognized standards for thigat is, those with severe hypersomnolence, growi
performance of polysomnography, as well as re&ilure, and cor pulmonale arising from chronic
sonable normal dafa. sleep fragmentation and ensuing hypoventilatio
Adults with OSA tend to develop either com— in whom surgical intervention was clearly indi-
plete obstruction (apnea), or partial obstructiooated? OSA, however, constitutes a spectrum o
with associated desaturation (hypopneailisorder, ranging from the most severe cases wi
Compared to adults, children with OSA tend t@bstructive hypoventilation and its sequelae
develop ongoing obstructive hypoventilationthrough to children with primary snoring without
rather than episodic  apnea/hypopneany significant sequalae.
Consequently, there is not a clear correlation There are little longitudinal data that allow us ta
between severity, as determined by a number pfedict the natural history of untreated OSA, partic
apneas/hypopneas and clinical sequéldéis ularly in the milder end of the spectrum of diselse
can make determination of appropriate manag@&here are no objective data for risk/benefit evalug

ment difficult. tion of the place of adenoidectomy in treatmentj

therefore, therapy has to be individualized. In th
Treatment ideal situation, formal polysomnography would beg
In children, there is usually an anatomical etiologgvailable for objective evaluation, but this is fre-
for OSA, with treatment usually involving surgeryqguently not the case. Clinical grounds (with all thei
Although there is not a close correlation betwedmitations) often are the only criteria available.
adenotonsillar size and presence or severity of Children with correctable craniofacial abnor-
OSA, close to 90% of children with OSA will havemalities usually improve significantly following
their obstruction successfully ameliorated, if nasurgical repair. This, however, may need to b

-
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(1%

completely cured, by adenoidectomyhe diffi- delayed until an appropriate age for surgical cor
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Figure 1. Continuous recording strip of overnight oximetry in a child with OSA.

rection. Nasal CPAP is used much less in childrally occurs during sleep-stage transition, commorn
than adults, with its use being limited primarily tdy follows an inspiratory breath, is usually under
children for whom surgery is either inappropriat20 seconds long (although apneas of up to 25 sec-
or unsuccessful, or to provide temporary ameli@nds have been described in normal childrany
ration until an appropriate time for surgical coris not usually associated with any significant
rection. Although dental appliances are used sudesaturation. Brainstem damage may present with
cessfully in adults, there are concerns regardirngntral apnea, but it presents more commonly with
their impact on facial and dental growth in chilhypoventilation.
dren. Dental appliances should probably only be

used as part of a formal trial. Clinical Diagnosis
Central apnea is common during the neonatal
Central Sleep Apnea period, particularly in premature infants.

Central Sleep Apnea (CSA) in adults is commorRepeated episodes of apnea during infancy usual-
ly defined as cessation of respiration for at least 1) signal immaturity of the respiratory drive, but
seconds. Since children have a significantly higlmay be in response #my noxious stimulus.g.,

er respiratory rate, there is ongoing debate as hgpoglycemia, hypothermia, sepsis or seizures).
whether this is an appropriate definition for chilOutside of infancy, CSA usually is physiologic. As
dren. Some authors suggest a certain numberafesult, the child will be asymptomatic. A com-
missed breaths inste@dCentral apnea is not mon scenario is that a parent becomes aware [of
abnormalper se, being seen in completely normalhis/her child’s breathing pattern (the child snore
children. A typical physiologic central apnea usuer the mother reads about sleep apnea), and then

"2
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during the apnea.

Laboratory Diagnosis
During infancy, the primary concern is whether
the apneas are uncomplicated (signalled by an
immature respiratory drive) or whether they
reflect underlying disease. The laboratory investi
gations are aimed at excluding precipitating caug
es of apnea in infancy, such as sepsis, seizures,
hypoglycemia or arrhythmia.

Treatment
Apnea in infancy usually responds to stimulatior
and, if persistent, may require treatment with a
respiratory stimulant, such as caffeine. The apnea
usually resolves with maturation, and the caffein
is discontinued. Physiologic central apneas require
no treatment.

1%

Apnea in infancy usually responds to ~ Sudden Infant Death

. : : : Syndrome
stimulation and, if persistent, may SIDS is defined as “the sudden death of a child

require treatment with a respiratory under one year of age, which remains unexplained
stimulant, such as caffeine. after a complete post-mortem examination
including an investigation of the death scene and
review of the case histor{.1t is, therefore, wrong
to identify SIDS as the diagnosis whenever th
notices pauses in his/her child’s breathingactual cause of death can be explained.
Because of the widespread lay literature regarding There is evidence that, for a significant num-
SIDS, parents may observe a physiologic centrér of cases, a common underlying pathophys
apnea and become concerned that their child haslagy remains. It is rare during the first month of
case of “missed” SIDS or an apparent life-threatife, with a peak incidence at three months (now
ening event (ALTE). less than one in 2,000 live births). It then
The diagnosis can usually be made solely drecomes decreasingly common by nine months,
clinical grounds. The child is completely neuronot occurring once infancy has ende&ince
logically normal, the apneas single and infrequerIDS usually occurs without obvious warning in
without any color change noted during an episodan otherwise apparently healthy infant, and can
The mother may misinterpret an episode awot be predicted, it is particularly worrisome for
obstruction, in that frequently there is a gasp at tiparents. As a result, there is an extensive body of
end of the apnea. Compared to OSA, however, ttey literature on SIDS, and parents of young
child shows no evidence of any respiratory effothildren are very well aware of its presencel
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They frequently bring in their children for eval
uation, concerned usually with observe
episodes of perceived apnea. The family phys
cian is faced with the difficult task of reassuring
most parents that their child is normal, whil
attempting to identify the rare child that is truly
at risk.

Treatment

The primary goal is prevention. There is an apps
ent association between preceding sleep-relal
apnea and subsequent SIDS. Consequently, ap
monitors have been prescribed in the hope th
early detection of the preceding apnea wou
allow for early resuscitation and prevention o
SIDS. Although used for many years, objectiv
proof of their effectiveness is still not availabfe.

There is a definite association between the ind
dence of SIDS and the child’s sleeping position.

fact, a public education policy emphasizing th
importance of infants sleeping in a supine positig
has produced a significant reduction in the over:
incidence of SIDS.

Apparent
Life-Threatening Event

ALTE is defined as a “sudden, unexpected chan
in the child’s behavior that is frightening to thg
caregiver, not leading to death/persistent cd
lapse.® This is an unsatisfactory criterion, since i
is too dependent upon the experience and obs
vational skills of the observer. The parental cor
cern is usually whether ALTE is an episode ¢
missed SIDS. Although there is a link betwee
ALTE and SIDS, it is not a particularly tight link;
only between 7% and 9% of subsequent SIC
cases have a prior history of ALTE.

Numerous disorders may trigger an episode

Breathing Disorders

Table 3

Causes Of Apparent
Life-Threatening Events

Infectious

e Sepsis

e Meningitis

< Bronchiolitis (respiratory syncytial virus)
e Pertussis

Cardiac
e Failure
e Arrhythmia (short QT syndrome)

Neurologic

e Seizure

e Tumor

» Congenital/acquired hypoventilation syndrome

Metabolic

* Hypoglycemia

e Inherited disorders of metabolism
e Hypothermia

< Drug reaction

Abuse

e Trauma (intracranial hemorrhage/post-
traumatic edema)

« Suffocation
e Spurious (“Munchausen’s by proxy”/drugs)

Gastro-esophageal reflux

Respiratory

e Asthma

< Obstructive sleep apnea
= Vascular ring

Normal child (parental misinterpretation)

Unexplained (idiopathic)

ALTE (Table 3), and need to be excluded in t

\>2
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The relationship between an ALTE and subse

fepied guent SIDS remains unclear; some studies report-

Causes Of Central Hypoventilation ing a no greater risk after a single event, while oth-
ers report an incidence as high as 30% in children

Primary with repeated ALTESs requiring resuscitation.

Although apnea monitoring has been used far

= Congenital central hypoventilation syndrome ) e ]
many years in cases where no precipitating etiolc

Secondary gy can be identified, it remains unproven whether
= Obesity hypoventilation syndrome it actually has any significant impact on the subse-
= Brainstem lesions (i.e., Arnold—Chiari quent risk of SIDSO SUbsequent deaths have
malformation, hydrocephalus, achondroplasia occurred despite adequate monitoring, while false
[stenosis of the foramen magnum], alarms are a common problem, even with the
meningoencephalitis, poliomyelitis) newer monitors. Apnea monitoring should only be
* Respiratory muscle weakness (i.e., spinal used in selected cases, with appropriate family
muscle atrophy, myopathy/muscular education and ongoing follow-up.
dystrophy, phrenic nerve paresis)
= Autonomic neuropathies (including familial Hypo\/enti lation Synd romes
dysautonomia) Damage or disturbance of function of the peripht
= Neurodegenerative syndromes eral chemoreceptors (carotid bodies), central
= Drugs (respiratory depressants) chemoreceptors and respiratory nuclei (situated an

the floor of the fourth ventricle), or failure of the
respiratory muscles, will result in hypoventilation
(Table 4). As noted, wakefulness is a respiratory
child’s evaluation. Full polysomnography may begonist, so any of these syndromes is liable to bhe
useful in excluding a diagnosis of hypoventilatioomost severe during sleep.
or OSA, but it has little reliability in predicting the

risk of subsequent SIDS. Congenital Disorders
Congenital central alveolar hypoventilation
Diagnosis (CCHS) can occur as a result of an isolated devel-

Diagnosis of ALTE is based upon clinical histoopmental defect of the brainstem, sometimes in
ry. The primary concern is to identify underlyingassociation with other disorders.e(, neuro-
disorders that may have triggered the eventlastoma, Hirschsprung's disease and autonomijc
Clinical history, physical examination and labodysfunction) or as part of a more global central
ratory studies are aimed at excluding underlyingervous system (CNS) insulti.€, hypoxic

disorders. encaphalopathy or intracranial bleédi the case
of CCHS as a result of a brainstem defect, the
Treatment child may be born seemingly normal, except for

Primary treatment is aimed at any underlying etthe fact that there is minimal or no respiratory
ologies, such as sepsis, seizure or cardiac arrhyéffort, with he/she requiring immediate ventilato-
mia. The primary concern with an idiopathiay assistance. Subsequent attempts at withdrawing
ALTE is the association with subsequent SIDS/entilation result in either profound hypo-
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ventilation or protracted apnea. In the case gbme form of assisted ventilation during sleep. A
CCHS as part of a more global CNS insult, the prihat point, the tracheostomy may be successfully
mary CNS insult constitutes the major presentaemoved and the child transferred to nocturnal nor
tion, but subsequent attempts at withdrawinmvasive ventilation.

inflation have a similar result. Although there are limited long-term data, prog-
nosis for children with idiopathic CCHS seemsg
Clinical Diagnosis good, with the long-term survival being over 70%.
Evidence of global CNS insult usually is clinicaldn children with more global CNS disease, the prog-
ly evident. In the absence of any apparent undevesis is dependent upon the underlying process.
lying neurologic insult, associated disorders, sughthough a number of respiratory stimulants, such
as autonomic dysfunction or Hirschsprung’s disas theophylline, acetazolamide and progesterone,
ease, need to be looked for. have been tried, none have proven particularly effec-
tive. Their effectiveness was more than outweighed
Laboratory Diagnosis by their toxicity.
Blunting, or a complete absenc
of ventilatory response to carbo Acquired Disorders
dioxide, is diagnostic of CCHS  Primary. Any disorder that caus-
Formal testing of respiratory o~ es disturbance of the brainstem,
drive, however, is rarely necessa v 3 particularly to the floor of the
since all attempts at withdrawing A""‘y fourth ventricle at the level of the
ventilation are associated witf respiratory nuclei (such as
either complete apnea or progre Arnold-Chiari malformation,
sive hypercapnia in the preseng For Good News myelomeningocoele or brainstem
of minimal respiratory effort. In See Page 126 & 127 tumor), is liable to result in dis-
children with apparent isolate turbed ventilation during sleep.
brainstem dysfunction, laboratory Since nerve roots of the 10th, 11th

testing is used to evaluate overall brainstem function and 12th cranial nerves arise adjacent to this area,
(evoked potentials) and exclude anatomical lesions there may be associated disturbance in swallow-
(magnetic resonance imaging [MRI]). Other associ- ing.

ated disordersi.e., neuroblastoma) need to bes Secondary.Patients with progressive neuromotor,

excluded. disease i(e, spinal muscle atrophy, muscular
dystrophy) will eventually develop progressive
Treatment hypoventilation as a result of a loss of respiratory

Other than the rare situation involving a cor- muscle function. Similarly, patients with chronic,
rectable primary lesion, the only available treat- progressive pulmonary disease will eventually
ment is long-term ventilation. This usually develop respiratory exhaustion, and again devel
requires a tracheostomy, at least for the first two op progressive hypoventilation, with secondary
to three years of life. In children with isolated blunting of the respiratory drive.

brainstem dysfunction, there is usually steady Due to the chronic, progressive nature of these
improvement with age. The child is able tdaisorders, the majority of these patients may b

breathe spontaneously during the day, but requinesmarkably asymptomatic, with the hypo-re
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ventilation developing insidiously. The usual sympktaboratory Diagnosis
toms are morning lethargy, headaches, anorexia ah@llunted respiratory drive is the primary diagnostid
morning weakness. Affected children may actuallgriteria. In children old enough to comply, formal
be afraid to go to sleep, since they may still have ameasurement of ventilatory response to carbgn
arousal response to hypercapnia and hypoxemaipxide is the definitive test. A demonstration of
being aware of the discomfort they experience folocturnal or morning hypercapnia with a clinically
lowing arousal. evident reduction in respiratory effort is usually all
that is required.

Although apnea monitoring has  Treatment
been used for many years in cases In the ideal situation, the primary disorder is

where no precipitating etiology amenable to therapy. Ur?fortunaf[ely, thls_ is not usy
. e . . ally the case and the primary disorder is either not
can be identified, it remains

: amenable to therapy or slowly progressive and, ult
unproven whether it actually has  mately, fatal. If the disorder is nonprogressive, non
any significant impact on the invasive ventilation usually is effective in producing

subsequent risk of SIDS. dramatic symptomatic improvement, associated
with an improved appetite and a significant
improvement in quality of lifé1 In progressive dis-
Commonly, it only is when the hypoventilationorders, non-invasive ventilation usually is employed
has been corrected that the severity of the morniag a component of palliative treatment. The expect-
symptoms are appreciated. The symptoms are fes progress of the disease and the ultimate outcome
quently masked by the primary disorder, the morifespecially plans to progress to invasive ventilation)
ing lethargy and weakness being attributed to museed to be discussed before embarking upon any
cle wasting. Malnutrition due to decreased appetiterm of long-term ventilation.
also may be attributed to the primary disorder.
Unfortunately, in a number of cases, the diagnosisldon-respiratory Disorders
only made when an opportunistic viral infection tip3here are several disorders that may be confused
the child into frank cardiorespiratory failure, withwith sleep-related respiratory disorders. Any disorr
the child being found to have unsuspected chrorilers causing daytime hypersomnolence may bhe

respiratory acidosis. inferred as due to sleep fragmentation secondary [to
respiratory disorder, particularly if the child snores.
Clinical Diagnosis The most common problem is sleep-phase delay.

As noted, the symptoms and signs of acquirethis is particularly common during the teenage
CSA are frequently masked by the primary disyears, when the child has very poor sleep hygien
order. Consequently, any child at risk of sleepFhis causes a phase shift or “jet lag,” and subs¢
related hypoventilation needs to be evaluated foguently he/she will complain of weekday morning
chronic or progressive hypercapnia. In additiorhypersomnolence when having to get up early fqg
overnight carbon dioxide monitoring or morningschool.
blood gas testing needs to be performed if there isNarcolepsy is a rare condition in children, which
any doubt. may cause episodic daytime hypersomnolence. Itlis

©
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characterized by episodes of inappropriate or partidisorders, the variability in presentation and the lac
onset of REM sleep, usually occurring in associatiasf clear-cut management guidelines, however, make
with other symptomsi.g., cataplexy, hypnagogic it difficult for a community physician to be totally
hallucinations, sleep paralysis). Unfortunatelyjknowledgeable about all aspects of these disorder:
although clinical history may be highly suggestive/Vhen in doubt, referral to a tertiary center may b
formal polysomnography with multiple sleep latennecessary to clarify whether further investigation i
cy testing usually is required for a reliable diagnosieequired.

Children with central hypoventilation may have
both sleep fragmentation and morning hyper-
somnolence, but they may also be afraid of sleep and . .
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of the various disorders, as they will be Cal_led on t.p Hauck FR, Hunt CE: Sudden infant death syndrome in 2000.
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the study of sleep-related respiratory disorders in ,

hildren. The family physicians’ job is complicate uggested Reading
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by the fact that, although sleep-related respiratory medicine in the Child. WB Saunders Company,
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